
 

 

370-384 HARVARD STREET 

BROOKLINE, MA 

 

Comprehensive Permit Application 

Under M.G.L. Chapter 40B, Sections 20-23 

 

Submitted by: 

Jewish Community Housing for the Elderly 



370-384 HARVARD STREET 

TABLE OF CONTENTS 

 

Section 1: Introduction 

  Request for findings of fact 

 

Section 2: Project Data Summary 

Summary description of the Applicant, the proposed development and the development area 

 

Section 3: Applicant Status 

Identification of applicant’s status as a qualifying non-profit corporation. 

 

Section 4: Project Eligibility Letter 

Site approval letter from the Massachusetts Department of Housing and Community Development 

(DHCD) 

 

Section 5: Development Team 

  Identification of development team members 

 

Section 6: Site Control 

  Development Agreement indicating site control of the subject parcel by the Applicant. 

 

Section 7: Department of Housing and Community Development Subsidized Housing Inventory 

 Most recently issued SHI inventory relative to the Town of Brookline 

 

Section 8:  Sample Regulatory Agreement 

 A copy of the legal document that will govern the terms of affordability (executed post permitting) 

 

Section 9: List of Exceptions/Waiver Requests 

 A list of exceptions being requested to the Town’s local zoning ordinance as well as any other 

local permits and approvals pertinent to this application  

 

Section 10: Traffic Impact Assessment 

 Prepared by Stantec 

 

Section 11: Architectural, Engineering and Landscaping Plans 

 Engineering and landscaping plans prepared by Stantec 

Schematic architectural plans prepared by Prellwitz Chilinski Associates (PCA) 

Stormwater Report  prepared by Stantec 

 

Section 12: Aerial Photos & Site Photos 

 



 

 

 

 

 

SECTION 1 

 

REQUEST FOR FINDINGS OF FACT 

  







 

 

 

 

 

 

SECTION 2 

 

PROJECT DATA SUMMARY 

  



SECTION 2 

PROJECT DATA SUMMARY 

 

1. Applicant 

 

Jewish Community Housing for the Elderly III, Inc., an affiliate of Jewish Community 

Housing for the Elderly (the “Applicant”) has been organized under the General Laws of 

the State of Massachusetts. Jewish Community Housing for the Elderly (“JCHE”) is a 

well-established non-profit provider of senior supportive housing in the Greater-Boston 

area with over 100 full time employees.  Formed in 1965, JCHE celebrated its 50th year 

in 2015.  JCHE has developed 1,200 units across 8 properties which we own, manage and 

provide services to.  Ulin House, Leventhal House and Genesis House make up our 

Brighton Campus, with over 700 units.  We have two properties (each comprised of two 

phases) in Newton, Golda Meir House I and II and Coleman House I and II, which have 

199 and 150 units respectively.  All of those properties are 100% project based Section 8 

and PRAC (with the exception of 25 unrestricted units at Golda), and Leventhal House 

was syndicated with tax credits in 2007.  Shillman House, a 150 unit mixed income 

project in Framingham, is a tax credit project financed with MassHousing bonds, Section 

202 and tax credit equity which was completed in 2010.  All developments are fully 

occupied and generate positive cash flows. 

 

Other than Leventhal, JCHE had not refinanced any of its properties until 2013.  In 

2013, JCHE marked up to market and refinanced its oldest property, Ulin with a 

221(d)(4) loan, which unlocked significant equity for the organization.  JCHE also 

recently closed on the refinancing of Genesis, originally built in the mid-1970s, with a 

MassHousing tax exempt bond issue and tax credit equity, which will also generate 

significant equity to the organization.  JCHE entities currently hold over $30 million of 

unrestricted cash.  Apart from property level financing, JCHE has no debt.  

 

 

JCHE is qualified for the express purpose of undertaking the planning, development and 

operating of “370-384 Harvard Street”, an age-restricted apartment development in 

Coolidge Corner, MA. The Applicant will develop 62 rental units and retail space as 

required under all laws and regulations of the Commonwealth of Massachusetts.  

 

2. Description of the Development 

 

The 370-384 Harvard Street will be a new construction project comprised of a building 

with 62 rental units for households at a range of incomes along with supportive services 

above a ground floor of less than 5,000 gross square feet of retail space. The units will 



range in size from 600 sf 1-bedroom units to 852 sf 2-bedroom units. 58 of the 62 units 

will be available to households qualifying under DHCD and 40B guidelines as low or 

moderate income. These units will remain affordable in perpetuity.  

The bedroom mix will be as follows: 

 

53 1-Bedrooms 

9 2-Bedrooms 

 

Preliminary architecture and engineering drawings are attached hereto under separate cover. 
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SECTION 3 

APPLICANT STATUS 

 

The applicant, Jewish Community Housing for the Elderly III, Inc., is a Chapter 180 Non-Profit 

Corporation and an eligible applicant under 760 CMR 56.04. Pursuant to the Low Income 

Housing Tax Credit (LIHTC) Program administered by the Department of Housing and 

Community Development as the subsidizing agency, the applicant intends to enter into an 

Regulatory Agreement providing for the affordability of the proposed affordable units. 
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DEVELOPMENT TEAM 

  



370-384 HARVARD STREET 

DEVELOPMENT TEAM 

 

 

Applicant/Developer: Jewish Community Housing for the Elderly III, Inc. 

30 Wallingford Road 

Brighton, MA 02135 

Contact: Zoe Weinrobe 

Phone:  617-912-8406 

Email:  zweinrobe@jche.org  

 

Architect: Prellwitz Chillinski Associates, Inc. 

221 Hampshire Street 

Cambridge, MA 02139 

Contact: Steve Allen 

Phone:  617-547-8120 

Email:  sallen@prellchil.com 

 

Civil Engineer/ Stantec  

Landscape Architect:  226 Causeway Street, 6th Floor  

Boston MA 02114-2155 

Contact: Joe Geller 

Phone:  617-654-6054 

Email:  joe.geller@stantec.com  

 

Traffic Consultant: Stantec  

226 Causeway Street, 6th Floor  

Boston MA 02114-2155 

Contact: Richard Bryant  

Phone:  802-864-0223 

Email:  Richard.Bryant@stantec.com 

 

Legal Counsel – Permitting: Law Office of Robert L. Allen, Jr. LLP 

300 Washington Street 

Brookline, MA 02445 

Contact: Robert Allen  

Phone:  617-383-6000 

Email:  ballen@boballenlaw.com 

 

Legal Counsel – Real Estate:  Nixon Peabody LLP 

100 Summer Street 

Boston, MA 02110 

Contact: Paul Bouton  

Phone:  617-345-1240 

Email:  pbouton@nixonpeabody.com 

 

mailto:zweinrobe@jche.org
mailto:sallen@prellchil.com
mailto:joe.geller@stantec.com
mailto:ballen@boballenlaw.com
mailto:pbouton@nixonpeabody.com
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DHCD SUBSIDIZED HOUSING INVENTORY 

  



DEPARTMENT OF HOUSING AND COMMUNITY DEVELOPMENT CH40B SUBSIDIZED HOUSING INVENTORY

Total SHI 

Units

Affordability 

ExpiresProject Name Address Type

Built w/ 

Comp. 

Permit?

Subsidizing 

Agency

Brookline
DHCD 

ID #

HUDArthur O'Shea House 61 Park St. 100 NoPerpRental474

HUDKickham Apartments 190 Harvard St. 39 NoPerpRental475

HUDSussman House 50 Pleasant St. 100 NoPerpRental476

HUDTheresa J. Morse Apts 90 Longwood. Ave. 99 NoPerpRental477

HUDWalnut Street Apts 22 High St./ 16 Walnut 100 NoPerpRental478

DHCDEgmont St. Veterans 338-348 St. Paul/51-85 Egmont/209-221 
Pleasant

114 NoPerpRental479

DHCDEgmont St. Veterans 44-79 Egmont Street 6 YesPerpRental480

DHCDHigh St. Veterans 176-224 High/6-30 New Terrace/186-218 
Chestnut

177 NoPerpRental481

DHCDHigh St. Veterans New Terrace Road and High Street 9 YesPerpRental482

DHCDCol. Floyd 32-40 Marion/19-36 Foster St 60 NoPerpRental483

DHCDCondos Browne & St.Paul Streets 2 NoPerpRental484

DHCDMcCormack House 151-153 Kent St. 10 NoPerpRental485

DHCDBenjamin Trustman 337-347 St. Paul/144-156 Armory/7-33 
Egmont

86 NoPerpRental486

MassHousing100 Center Plaza Centre & Williams 211 No2042Rental487

FHLBB1027 Beacon St 1027 Beacon St 9 No2030Rental488

DHCD

HUD1045 Beacon St 1043-1045 Beacon St. 28 No2015*Rental489

DHCD

Brookline

Page 1 of 4

This data is derived from information provided to the Department of Housing and Community Development (DHCD) by individual communities and is subject to change as new information is obtained and use 
restrictions expire.

5/27/2016



DEPARTMENT OF HOUSING AND COMMUNITY DEVELOPMENT CH40B SUBSIDIZED HOUSING INVENTORY

Total SHI 

Units

Affordability 

ExpiresProject Name Address Type

Built w/ 

Comp. 

Permit?

Subsidizing 

Agency

Brookline
DHCD 

ID #

HUD1045 Beacon St 1043-1045 Beacon St. 28 No2015*Rental489

HUD120 Centre Court 120 Centre Court 125 No2042Rental490

MassHousing

MassHousing1550 Beacon Plaza 1550 Beacon St. 180 No2042Rental491

MassHousingBeacon Park 1371 Beacon Street 80 No12/31/2028Rental492

DHCD10 Juniper St 10 Juniper St 32 NoperpOwnership493

DHCDVillage at Brookline 55 Village Way/72 Pearl St 307 No09/15/2028Rental494

DHCD

MassHousing

DHCDKilgallon House 11 Harris Street 8 NoPerpRental495

HUDSara Wallace House 1017 Beacon Street 16 No2016Rental496

HUD

DHCDConnelly House 1057 Beacon Street 13 NoPerpRental497

DHCDGoddard House 165 Chestnut Street 13 NoperpRental498

DHCD1162-1164 Boylston Street 1162-1164 Boylston Street 6 NoperpOwnership499

DHCD1470 Beacon Street 1470 Beacon Street 4 NoperpRental500

DHCDKendall Crescent 243, 245, 275 Cypress Street 4 NoperpOwnership501

DHCDThe Lofts at Brookline Village 77 Linden Street Unit, 74 Kent Street 2 NoperpRental502

DHCD1754 Beacon St 1754 Beacon St 14 No10/17/2032Rental3751

Brookline

Page 2 of 4

This data is derived from information provided to the Department of Housing and Community Development (DHCD) by individual communities and is subject to change as new information is obtained and use 
restrictions expire.

5/27/2016



DEPARTMENT OF HOUSING AND COMMUNITY DEVELOPMENT CH40B SUBSIDIZED HOUSING INVENTORY

Total SHI 

Units

Affordability 

ExpiresProject Name Address Type

Built w/ 

Comp. 

Permit?

Subsidizing 

Agency

Brookline
DHCD 

ID #

DHCD1754 Beacon St 1754 Beacon St 14 No10/17/2032Rental3751

DHCD

MassHousing1876 Beacon St 1876 Beacon St 15 No2023Rental3752

MHP

DHCD77 Marion St/ 1405 Beacon St 77 Marion St/ 1405 Beacon St 4 NoperpRental3753

DHCDSt. Aidan's Crowninshield, Pleasant & Freeman 
Streets

35 YesPerpMix3951

DHCD

DDSDDS Group Homes Confidential 37 NoN/ARental4228

DMHDMH Group Homes Confidential 49 NoN/ARental4549

DHCDSt. Paul Crossing St. Paul Street 3 NoperpOwnership7126

DHCDCypress Lofts 110 Cypress Street 5 NoPerpRental7127

HUD154-156 Bolyston St 154-156 Bolyston St 6 NO2035Rental8154

MHP

DHCDScattered Sites Park Street, Boylston Street 6 NOPerpOwnership9050

HUD1600 Beacon Street 1600 Beacon Street 6 NOPerpOwnership9068

DHCDHammond Pond Place 321 Hammond Pond Parkway 3 NOPerpOwnership9740

DHCDEnglewood Residences 20 Englewood Avenue 2 NOPerpRental9741

DHCD109 Sewall Avenue 109 Sewall Avenue 2 NOPerpOwnership9742

Brookline

Page 3 of 4

This data is derived from information provided to the Department of Housing and Community Development (DHCD) by individual communities and is subject to change as new information is obtained and use 
restrictions expire.

5/27/2016



DEPARTMENT OF HOUSING AND COMMUNITY DEVELOPMENT CH40B SUBSIDIZED HOUSING INVENTORY

Total SHI 

Units

Affordability 

ExpiresProject Name Address Type

Built w/ 

Comp. 

Permit?

Subsidizing 

Agency

Brookline
DHCD 

ID #

MassDevelopm
ent

The Residences of South Brookline Independence Drive 161 YESPerpRental9832

HUD86 Dummer Street 86 Dummer Street 32 NOPerpetuityRental9868

DHCD

DHCD51-57 Beals Street 51-57 Beals Street 31 NOPerpetuityRental9869

HUD

MassHousing45 Marion Street 45 Marion Street 64 YES2045Rental9870

DHCDOlmsted Hill 2-8 Olmsted Road 12 NOPerpetuityOwnership9871

DHCD

MassHousing21 Crown 0-21 Crowninshield Road 8 YESPerpRental9924

Brookline 26,201Totals

9.29%Percent Subsidized  

2,435 Census 2010 Year Round Housing Units

Brookline

Page 4 of 4

This data is derived from information provided to the Department of Housing and Community Development (DHCD) by individual communities and is subject to change as new information is obtained and use 
restrictions expire.

5/27/2016
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Perpetuity 

 [For Ground Leased Projects] 
 

TAX CREDIT REGULATORY AGREEMENT 

AND 

DECLARATION OF RESTRICTIVE COVENANTS 

 
  THIS TAX CREDIT REGULATORY AGREEMENT AND DECLARATION OF 
RESTRICTIVE COVENANTS (this “AGREEMENT”) is granted as of     , 20      by 

     , and its successors and assigns (the “Owner”) and the undersigned       
(“Ground Lessor”, and together with the Owner, the “Grantors”) to the Commonwealth 
of Massachusetts, acting by and through the Department of Housing and Community 
Development (“DHCD”, also referred to herein as the “Grantee”).  The Ground Lessor 
joins in this Agreement for the purposes set forth in Section 11 below. 
 

WITNESSETH: 
 
 WHEREAS, DHCD, as successor to the former Executive Office of Communities 
and Development (“EOCD”), is authorized by Executive Order 291 signed by the 
Governor of the Commonwealth of Massachusetts to administer the State Housing Credit 
Ceiling as defined in Section 42 of the United States Internal Revenue Code of 1986 as 
amended, (the “Code”) in connection with the allocation and administration of low-income 
housing tax credits (the “Low-Income Tax Credit”); and 
 
 WHEREAS, DHCD has adopted a 200      Low-Income Housing Tax Credit 
Allocation Plan (the “Allocation Plan”) and certain Low-Income Housing Tax Credit 
Guidelines (the “Guidelines”), which govern the process and standards for allocation of 
the Low-Income Tax Credit; and 
 
 WHEREAS, the Owner is the owner of a       residential rental unit housing 

development known as or to be known as      , located on lands in the City/Town of 

     , County of      , Massachusetts more particularly described in Exhibit A hereto, 
leased by the Owner from the Ground Lessor pursuant to the Ground Lease (the 
“Project”); and 
 
 WHEREAS, the Owner has applied to DHCD for an allocation of Low-Income Tax 
Credits to the Project; and 
 
 WHEREAS, the Owner has represented to DHCD in Owner's Low-Income 
Housing Credit Application (the “Application”) that a certain percentage of the units in the 
Project shall be both rent restricted and occupied by individuals or families whose income 
is a certain percentage or less of the area median gross income as determined in 
accordance with Section 42 of the Code, and that the Owner will maintain other 
restrictions on the use and occupancy of the Project, as set forth herein; and 
 
 WHEREAS, DHCD has determined that, as of the date hereof, the Project would 
support a Low-Income Tax Credit allocation, as set forth herein, provided that the units in 
the Project are placed in service in accordance with Section 42 of the Code and any other 
applicable requirements; and 
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 WHEREAS, the Code requires as a condition precedent to the allocation of the 
Low-Income Tax Credit that the Owner execute, deliver and record in the official land 
deed records of the county in which the Project is located this Agreement in order to 
create certain covenants running with the land for the purpose of enforcing the 
requirements of Section 42 of the Code and other applicable requirements by regulating 
and restricting the use and occupancy and transfer of the Project as set forth herein; and 
 
 WHEREAS, the Owner, under this Agreement, intends, declares and covenants 
that the regulatory and restrictive covenants set forth herein governing the use, 
occupancy and transfer of the Project shall be and are covenants running with the Project 
Land (as defined herein in Section 1) for the term stated herein and binding upon all 
subsequent owners of the Project Land for such term, and are not merely personal 
covenants of the Owner; 
 
 NOW, THEREFORE, in consideration of the promises and covenants hereinafter 
set forth, and of other valuable consideration, the receipt and sufficiency of which is 
hereby acknowledged, DHCD and the Owner do hereby agree as follows: 
 
SECTION 1 - DEFINITIONS 
 
(a) Unless otherwise expressly provided herein or unless the context clearly requires 

otherwise, the following terms shall have the respective meanings set forth below 
for all purposes of this Agreement: 

 
  “Agreement” means this Tax Credit Regulatory Agreement and Declaration 

of Restrictive Covenants, as it may from time to time be amended. 
 
  “Applicable Fraction” means the smaller of the “unit fraction” or the “floor 

space fraction,” as these terms are defined in section 42(c)(1) of the Code, which 
has been determined for the purposes of this Agreement to be      %. 

 
  <“Capital Source(s),” where a Comprehensive Permit has been issued to 

the Project, means the investing financial entity(ies), as lender(s) to or partner(s) 
of, the Owner, providing all or substantially all of the capital necessary to construct 
the Project.  The initial Capital Source(s) shall be      .> 

 
  “Code” means the Internal Revenue Code of 1986 as  amended and all 

regulations applicable thereto. 
 

 <“Comprehensive Permit” means the permit issued to the Project by the 
Zoning Board of Appeals of      , Massachusetts pursuant to Massachusetts 
General Laws Chapter 40B, Sections 20 through 23, as said permit may be 
amended from time to time, which provides for the construction of the Project.> 
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  “DHCD” means the Massachusetts Department of Housing and Community 
Development, its successors and assigns. 

 
  “Gross Rent” means the total amount received from a Low-Income Tenant 

as a rental payment, excluding any payment under Section 8 of the United States 
Housing Act of 1937 or any comparable rental assistance (with respect to such unit 
or occupants thereof) and including any utility allowance under Section 8 of the 
aforementioned act. 

 
  “Ground Lease” means the Ground Lease of the Premises from the 

Ground Lessor, as landlord and fee owner, to the Owner, as tenant of the 
Premises, dated      , 200     , Notice of which is recorded with the       

County Registry of Deeds in Book      , Page      . 
 
  “Income Certification” means a certification as to income executed by a 

Low-Income Tenant of the Project. 
 
  <“Limited Dividend Organization” means a corporation, partnership, or other 

organization, other than a public agency, which by its governing articles of 
organization or partnership agreement prohibits distribution with respect to any one 
year of operation of more than 10% on said entity's equity in the Project.  Equity in 
the Project shall be the difference between the amount provided by the Capital 
Source(s) to the Project and the total cost of the Project, including, where 
applicable, a Builder's and Sponsor's Risk Allowance (BSPRA) equal to twenty 
percent (20%) of the total Project cost net of land, BSPRA, and syndication costs.>  

 
  “Low-Income Tenant” means the occupant(s) of a housing unit in the 

Project whose income on admission to the Project, as computed in accordance 
with the rules and regulations governing the Low-Income Tax Credit, does not 
exceed       percent of the area median gross income, adjusted for family size. 

 
  “Low-Income Tenant Rental Period” means the period beginning on the first 

day of the Compliance period under Section 42 of the Code and extending for 
ninety-nine (99) years.  If the Project consists of more than one building, this shall 
be determined for each building.  

 
  “Low-Income Units” means those units in the Project set aside for 

occupancy by Low-Income Tenants which shall consist of       units. 
 
  “Owner” means      , all its successors and assigns.  Where reference is 

made herein to Owner’s Low-Income Housing Credit Application (the 
“Application”), this term shall also mean any previous sponsor connected with the 
Project. 

 
  “Project” means the multi-family rental housing development known as 

      located in      , Massachusetts, developed on the site described in 
Exhibit A to this Agreement (the “Project Land”).  For Owner’s title and a legal 
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description of the site, see the Notice of Ground Lease recorded with the       

County Registry of Deeds at Book      , Page      . 
 
  “Rent Restricted” means the gross rent to be charged for a Low-Income 

Unit which does not exceed thirty percent (30%) of the income limitation applicable 
to such unit, adjusted for unit size (assuming that a unit which does not have a 
separate bedroom is occupied by one individual and that a unit which has one or 
more separate bedrooms is occupied by 1.5 individuals for each separate 
bedroom). 

 
  “State” means the Commonwealth of Massachusetts. 
 
(b)  Any term not defined in this Agreement shall have the same meaning as terms 

defined in Section 42 of the Code and the Treasury regulations promulgated 
thereunder. 

 
SECTION 2 - RECORDING AND FILING; COVENANTS TO RUN WITH THE LAND 
 
(a)  Upon execution, the Owner shall cause this Agreement and all amendments 

hereto to be recorded and filed in the       County Registry of Deeds and shall 
pay all fees and charges incurred in connection therewith.  Upon recording, the 
Owner shall immediately transmit to DHCD evidence of the recording including the 
date and instrument number or deed book and page numbers.  The Owner agrees 
that DHCD will not issue the Internal Revenue Service Form 8609 constituting final 
allocation of the Low-Income Tax Credit unless and until DHCD has received a 
certified copy of the recorded Agreement. 

 
(b) The Owner intends, declares and covenants, on behalf of itself and all future 

owners and operators of the Project Land during the term of this Agreement, that 
this Agreement and the covenants and restrictions set forth in this Agreement 
regulating and restricting the use, occupancy and transfer of the Project Land and 
the Project (i) shall be and are covenants running with the Project Land, 
encumbering the Project Land for the term of this Agreement, binding upon the 
Owner's successors in title and all subsequent owners and operators of the Project 
Land, (ii) are not merely personal covenants of the Owner, and (iii) shall bind the 
Owner (and the benefits shall inure to DHCD and any past, present or prospective 
tenant of the Project) and its respective successors and assigns during the term of 
this Agreement.  The restrictions contained herein are intended to be construed as 
an affordable housing restriction as that term is defined in Section 31 of Chapter 
184 of the Massachusetts General Laws, and which has the benefit of Section 32 
of said Chapter 184, such that the restrictions contained herein shall not be limited 
in duration by any rule or operation of law but rather shall run for the full term 
hereof.  The Owner hereby agrees that any and all requirements of the laws of the 
Commonwealth of Massachusetts to be satisfied in order for the provisions of this 
Agreement to constitute deed restrictions and covenants running with the land 
shall be deemed to be satisfied in full, and that any requirements of privity of estate 
are intended to be satisfied, or in the alternate, that an equitable servitude has 
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been created to insure that these restrictions run with the land.  For the longer of 
the period the Low-Income Tax Credit is claimed or the term of this Agreement, 
each and every contract, deed or other instrument hereafter executed conveying 
the Project or portion thereof shall expressly provide that such conveyance is 
subject to this Agreement, provided, however, that the covenants contained herein 
shall survive and be effective regardless of whether such contract, deed or other 
instrument hereafter executed conveying the Project or portion thereof provides 
that such conveyance is subject to this Agreement. 

 
      
(c) The Owner covenants to obtain the consent of any prior recorded lienholder on the 

Project to this Agreement and such consent shall be a condition precedent to the 
issuance of Internal Revenue Service Form 8609 constituting final allocation of the 
Low-Income Tax Credit. 

 
 
SECTION 3 - REPRESENTATIONS, COVENANTS AND WARRANTIES OF THE 

OWNER 
 
The Owner hereby represents, covenants and warrants as follows: 
 
(a) The Owner (i) is a       and is qualified to transact business under the laws of this 

State, (ii) has the power and authority to own its properties and assets and to carry 
on its business as now being conducted, and (iii) has the full legal right, power and 
authority to execute and deliver this Agreement.   

 
(b) The execution and performance of this Agreement by the Owner  (i) will not violate 

or, as applicable, have not violated any provision of law, rule or regulation, or any 
order of any court or other agency or governmental body, and (ii) will not violate or, 
as applicable, have not violated any provision of any indenture, agreement, 
mortgage, mortgage note, or other instrument to which the Owner is a party or by 
which it or the Project is bound, and (iii) will not result in the creation or imposition 
of any prohibited encumbrance of any nature. 

 
(c) The Owner will, at the time of execution and delivery of this Agreement, have good 

and marketable title to the Premises constituting the Project free and clear of any 
lien or encumbrance (subject to encumbrances created pursuant to this 
Agreement, any loan documents relating to the Project the  general terms of 
which are approved by DHCD, or other permitted encumbrances).   

 
(d) There is no action, suit or proceeding at law or in equity or by or before any 

governmental instrumentality or other agency now pending, or, to the knowledge of 
the Owner, threatened against or affecting it, or any of its properties or rights, 
which, if adversely determined, would materially impair its right to carry on 
business substantially as now conducted (and as now contemplated by this 
Agreement) or would materially adversely affect its financial condition. 
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(e) The Project constitutes or will constitute a qualified low-income building or qualified 
project, as applicable, as defined in Section 42 of the Code and applicable 
regulations. 

 
(f) Each unit in the Project contains complete facilities for living, sleeping, eating, 

cooking and sanitation (unless the Project qualifies as a single-room occupancy 
project or transitional housing for the homeless) which are to be used on other 
than a transient basis. 

 
(g) During the term of this Agreement, all Units subject to the Low-Income Tax Credit 

shall be leased and rented or made available to members of the general public 
who qualify as Low-Income Tenants (or otherwise qualify for occupancy of the 
Low-Income Units as set forth in Section 4(e) hereof) under the applicable election 
specified in Section 42(g) of the Code and as set forth in Section 4 (a) of this 
Agreement. 

 
(h) The Owner shall insure that all units occupied by Low-Income Tenants shall be of 

comparable quality to other units in the Project or if not comparable, the excess 
cost of the other units shall not exceed the percentage set forth in Section 42(d)(3) 
of the Code and the Owner will file the election provided for therein.  The 
Low-Income Units shall be, to the extent possible, dispersed evenly throughout the 
Project.  

 
(i) During the term of this Agreement, the Owner covenants, agrees and warrants that 

each Low-Income Unit is and will remain suitable for occupancy and in compliance 
with all local health, safety and building codes. 

 
(j) The Owner shall not discriminate on the basis of race, creed, color, sex, age, 

disability, marital status, national origin, sexual orientation or any other basis 
prohibited by law in the lease, use and occupancy of the Project or in connection 
with the employment or application for employment of persons for the operation 
and management of the Project.  Without limiting the foregoing, the Owner is 
expressly prohibited from refusing to lease to a holder of a voucher or certificate of 
eligibility under Section 8 of the United States Housing Act of 1937 because of the 
status of the prospective tenant as such a holder. 

 
(k) Prior to occupancy of any unit in the Project, the Owner shall adopt and implement 

(i) an affirmative fair marketing plan for all units and (ii) a tenant selection plan for 
the Low-Income Units, in both cases consistent with any standards and guidelines 
adopted by DHCD as then in effect and all applicable laws.  Both the affirmative 
fair marketing and tenant selection plans shall be subject to review by DHCD, at 
DHCD's request from time to time during the term of this Agreement.  If the Project 
is located in a predominantly white neighborhood of Boston, according to a list 
maintained at DHCD, the affirmative fair marketing plan shall have the percentage 
goals determined pursuant to section 10(g) below of this Agreement. 

 
(l) The Owner shall enter into a lease with each tenant of a Low-Income Unit (other 

than units which qualify as single-room occupancy units or transitional housing for 
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the homeless) which shall be for a minimum period of one (1) year and which shall 
provide that no tenant of a Low-Income Unit shall be evicted during the 
Low-Income Tenant Rental Period for any reason other than a substantial breach 
of a material provision of such lease.  Without limiting the foregoing, the lease shall 
comply in all respects with applicable state, local, and federal law and the terms 
and conditions of this Agreement. 

 
(m) During the Low-Income Tenant Rental Period, the annual rental for a unit leased to 

a Low-Income Tenant (unless such Low-Income Tenant fails to continue to qualify 
as such pursuant to Section 42 of the Code) including the provision for heat, 
electricity and hot water shall not exceed that permitted for a Low-Income Unit.  
Such rental, other than at turnover, shall not be increased more often than once a 
year and no notice of change in rent to be charged for Low-Income Units shall be 
given prior to providing the affected tenants with a thirty (30) day opportunity to 
comment on the increase. 

 
(n) The Owner shall provide, on a form and in a manner acceptable to DHCD, an 

annual notification to each Low-Income Tenant indicating the manner in which the 
Gross Rents for Low-Income Units are determined. 

 
(o) The Owner may not sell, transfer or exchange less than all of the Project during 

the term of this Agreement.  Subject to the requirements of Section 42 of the Code 
and this Agreement, the Owner may sell, transfer or exchange the entire Project at 
any time, but the Owner shall (i) notify DHCD in writing of any sale, transfer or 
exchange of the Project; and (ii) notify in writing and obtain the agreement of any 
buyer or successor or other person acquiring the Project that such acquisition is 
subject to the requirements of this Agreement and to the requirements of Section 
42 of the Code and applicable regulations.  This provision shall not act to waive 
any other restriction on sale, transfer or exchange of the Project.  The Owner 
agrees that DHCD may void any sale, transfer or exchange of the Project if the 
buyer or successor or other person fails to assume in writing the requirements of 
this Agreement and the requirements of Section 42 of the Code. 

 
(p) The Owner shall not demolish any part of the Project or substantially subtract from 

any real or personal property of the Project or permit the use of any residential 
rental unit for any purpose other than rental housing during the term of this 
Agreement unless required by law. 

 
(q) The Owner represents, warrants and agrees that if the Project, or any part thereof, 

shall be damaged or destroyed or shall be condemned or acquired for public use, 
the Owner (subject to the approval of the lender(s) which has provided the 
financing) will use its best efforts to repair and restore the Project to substantially 
the same condition as existed prior to the event causing such damage or 
destruction, or to relieve the condemnation, and thereafter to operate the Project in 
accordance with the terms of this Agreement. 

 
(r) The Owner warrants that it has not and will not execute any other agreement with 

provisions contradictory to, or in opposition to, the provisions hereof, and that in 
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any event, the requirements of this Agreement are paramount and controlling as to 
the rights and obligations herein set forth and supersede any other requirements in 
conflict herewith. 

 
(s) The Owner represents, warrants and agrees that the applicable fraction (as 

defined in section 42(c)(1) of the Code), for each taxable year during the term of 
this Agreement, will not be less than the applicable fraction specified in Section 1 
of this Agreement. 

 
(t) During the Low-Income Tenant Rental Period, the Owner shall not evict or 

terminate the tenancy of an existing tenant of any Low-Income Unit other than for 
good cause and shall not increase the Gross Rent above the maximum allowed 
under the Code with respect to such Low-Income Unit. 

 
(u) The Owner represents and warrants that it has obtained the consent of all current 

holders of existing mortgages on the Project to this Agreement in the form 
attached hereto as Exhibit B. 

 
(v) The Owner represents, warrants and agrees that it is and will be a Limited 

Dividend Organization for the entire duration of the Low-Income Tenant Rental 
Period.  If the Project has received a Comprehensive Permit, the Owner's articles 
of organization or partnership agreement shall require the Owner to be a Limited 
Dividend Organization for the entire duration of the Low-Income Tenant Rental 
Period.  Distributions of return on equity not made in any one year may be 
deferred and made in subsequent years.  Proceeds of any refinancing, or 
insurance or condemnation proceeds, or from the sale of any of Owner's assets 
shall be excluded from the determination of the annual distribution.  Any funds 
available in excess of that permitted to be distributed shall be used, as 
determined by DHCD, to either increase the number of Low-Income Units or to 
further reduce rents on the Low-Income Units.> 

 
(w) The Owner represents, warrants and agrees that if the project has received a Low-

Income Tax Credit allocation as a special needs project, the Owner will maintain 
special needs services throughout the term of this Agreement as represented in 
the Owner’s EOCD or DHCD approved service plan which is incorporated herein. 

 
 
SECTION 4 - OCCUPANCY RESTRICTIONS 
 
(a) The Owner represents, warrants and covenants throughout the term of this 

Agreement and in order to satisfy the requirements of Section 42 of the Code, 
other applicable requirements and the representations made in the Application that 
no less than       percent of the residential units in the Project shall be both 

rent-restricted and occupied by individuals or families whose income is       
percent or less of the area median gross income (Low-Income Tenants).  Initially, 
Low-Income Tenants shall occupy       units (Low-Income Units);       of which 

      shall be four bedroom units;       of which shall be three bedroom units; 
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      of which shall be two bedroom units;       of which shall be one bedroom 

units; and       of which shall be studio or single room occupancy units.  If 

applicable, as further represented in Owner’s Application, no less than      % of 
the Low-Income Units shall be occupied by Low-Income Tenants whose income is 
30% or less of the area’s median gross income.  

 
(b) If applicable, the residential units in the Project are considered exclusive of any 

unit(s) occupied by a full-time resident manager(s) (      unit(s)).  DHCD and the 
Owner acknowledge that such unit(s) has not been included in determining the 
Applicable Fraction set forth in Section 1 of this Agreement. 

 
(c) As a condition to occupancy, each person who is intended to be a Low-Income 

Tenant shall be required to sign and deliver to the Owner an Income Certification 
using a form, acceptable to DHCD, adopted for such use by the Owner which 
meets the requirements of the Code and the Treasury regulations promulgated 
thereunder. 

 
(d) The determination of whether a tenant meets the Low Income requirement shall be 

made by the Owner at least annually on the basis of the current income of such 
Low-Income Tenant. 

 
(e) Any Unit occupied by an individual or family who is a Low-Income Tenant at the 

commencement of occupancy shall continue to be treated as if occupied by a 
Low-Income Tenant provided that (i) such unit continues to be rent-restricted and 
(ii) should such Low-Income Tenant's income subsequently exceed 140% of the 
applicable income limit set forth in Section 4 (a) above, such tenant shall no longer 
be a Low-Income Tenant if any unit of comparable or smaller size is rented to a 
tenant who is not a Low-Income Tenant. 

 
      
SECTION 5 - CONVERSION RESTRICTIONS 
 
The following conversion restrictions are applicable to the Project: 
 
(a) No tenant in the Project shall be evicted due to conversion to condominium or 

cooperative form of ownership unless and until said tenant has received the rights 
and benefits as set forth in Chapter 527 of the Acts of the Commonwealth of 
Massachusetts of 1983, as amended, or any successor act, as then currently in 
effect (the “Conversion Act”) (notwithstanding any exemption provided in the third 
paragraph of Section 2 of the Conversion Act to the city or town in which the 
Project is located) and any applicable local laws and ordinances; 

 
(b) No tenant of a Low-Income Unit shall be evicted due to conversion to 

condominium or cooperative form of ownership nor shall a Low-Income Unit be 
converted to conventional rental housing (which shall mean housing having an 
annual rental greater than that permitted for Low-Income Units under the 
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Low-Income Tax Credit rules and regulations) unless and until the following 
restrictions have been met and completed with respect to such unit: 

 
  (i) the tenant of a Low-Income Unit so affected shall be given prior written 

notice of intent to convert to condominium or cooperative form of ownership 
or to convert to conventional rental housing (the “Notice Period”) of at least 
four (4) years, such Notice Period beginning on a date no sooner that four 
years prior to the expiration of the Low-Income Tenant Rental Period.  Once 
such notice of intent to convert is provided to a tenant, in the event such 
tenant later vacates the unit, the new tenant is entitled to receive notice 
under this subsection for a period equal to the remaining time pursuant to 
the original notice of intent to convert.  The notice of intent shall include 
notice of the tenant's rights and notice of the right of first refusal provided in 
paragraph (iv) of this Section 5(b); the notice of intent shall also inform 
tenants that DHCD should be notified if the Owner is not fulfilling its 
obligations under this Agreement; only tenants occupying Low-Income Units 
within the Project shall be entitled to receive the additional rights 
enumerated in this paragraph; DHCD shall be provided with a copy of the 
notice for review and approval before such notice is sent to the Low-Income 
Tenant; 

 
   (ii) the Owner shall give DHCD six months notice of its intent to convert a 

Project to condominiums or cooperatives; at the end of the conversion of 
the market rate units in a development to condominiums or cooperatives, 
the Owner shall certify to DHCD its compliance with the conversion terms of 
this Agreement; 

 
  (iii) every Low-Income Tenant given, or entitled to be given the notice of intent 

shall receive an extension of their lease or rental agreement, with 
substantially the same terms, subject to permissible rental increases, during 
the Notice Period; 

 
 (iv) <subject to such restrictions as are imposed on the Owner by the terms of 

the Comprehensive Permit> in the event the Owner intends to convert the 
Project to a condominium or cooperative form of ownership, not later than 
two (2) years prior to the expiration of the Notice Period, an affected 
Low-Income Tenant shall receive a right of first refusal for purchase of the 
Unit which right shall last for a period of not less than six (6) months; such 
right of first refusal shall be accompanied by a copy of the purchase and 
sale agreement for the Unit; during this period, the Unit shall be offered to 
the tenant at a discount of at least ten percent (10%) from the offering  price 
for the Unit; if the tenant of an affected unit chooses not to purchase the 
Unit, the Unit shall be offered for purchase to DHCD or its designee for an 
additional period of at least ninety (90) days at the same price the Unit was 
offered to the tenant; 

 
 (v) all tenants given, or entitled to be given the notice of intent who are unable 

or choose not to exercise their right to purchase or to remain and to pay the 
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conventional rental shall be entitled to relocation benefits in accordance 
with the Conversion Act. 

 
 
SECTION 6 - TERM OF AGREEMENT 
 
(a) This Agreement and the restrictions set forth herein shall commence with the first 

day of the Compliance period under Section 42 of the Code and shall end on the 
date which is ninety-nine (99) years after the commencement (the Low-Income 
Tenant Rental Period).  This term will be determined in accordance with the Code 
for each building in the Project.  Except as hereinafter provided, this Agreement 
and the restrictions set forth herein shall not terminate or expire any earlier than 
the end of the Low-Income Tenant Rental Period. 

 
(b) Notwithstanding subsection (a) above and except as provided in subsection (c) 

below, this Agreement and the restrictions set forth herein shall terminate on the 
date the Project is acquired by foreclosure or instrument in lieu of foreclosure 
unless the Secretary of the United States Treasury or his or her designee 
determines that such acquisition is part of an arrangement with the Owner, a 
purpose of which is to terminate this Agreement and the restrictions set forth 
herein.  DHCD hereby agrees to execute any and all documents necessary to 
evidence the foregoing termination. 

 
(c) The tenant protections set forth in Section 3(t) above shall survive for a period of 

three (3) years following a termination pursuant to subsection (b) above and for 
such three-year period such tenant protections shall be binding upon any holder of 
a mortgage on the Project, or any successor or assign of such holder, who 
succeeds to all or any part of the Owner's interest in, or otherwise acquires title to, 
the Project. 

 
(d) Notwithstanding subsections (a) and (b) above, this Agreement shall not terminate 

and shall remain in full force and effect to enable DHCD, and any other person 
with the right to enforce this Agreement pursuant to Section 8 (f) of this 
Agreement, to enforce and/or monitor under Section 8 of this Agreement any 
remaining obligations under subsection (c) above, and the Conversion Restrictions 
set forth in Section 5 above provided, however, in the event this Agreement has 
terminated pursuant to subsection (b) above, it shall be assumed for purpose of 
giving notice pursuant to Section 5 that the Low-Income Rental Period has ended.  

 
 
SECTION 7 - CERTIFICATIONS 
 
On the date of execution and delivery of this Agreement, the Owner shall deliver to DHCD 
the following certifications or documents: 
 
(a) Evidence of transfer of ownership of the Project to the Owner; 
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(b) For projects requiring a waiver of the ten year holding requirement in order to 
obtain a credit for the acquisition of an existing building, a copy of the waiver 
obtained from the Internal Revenue Service; 

 
(c) Opinion of Owner's Counsel as to Owner's organization, execution, delivery and 

enforceability of Agreement; and organizational documents for the Owner and 
Owner’s general partner, if any, as follows: 

 
 (i) if a limited partnership, a copy of the partnership agreement; and two 

separate long form certificates of legal existence (identifying general 
partners and any amendments) from the Massachusetts Secretary of State; 

 
 (ii) if a corporation, a clerk’s certificate with vote, certified articles of 

incorporation and by-laws; and certificate of legal existence from the state 
of incorporation; 

 
(iii) if a trust, a copy of the Declaration of Trust, a Trustee's Certificate and 

Direction of Beneficiaries;  
 
 (iv) if a limited liability company, a copy of the operating agreement; and a 

certificate of good standing from the Massachusetts Secretary of State; and 
 
 (v) any additional organizational documents as DHCD deems appropriate. 
 
(d) Audited certification of costs, an audited schedule of sources (including rental 

and/or operating subsidies) and uses (including reserves), and an audited 
schedule of low income housing tax credit eligible basis as well as any 
supplementary schedules required by DHCD in the format provided by DHCD; 

 
(e) Original certification from the Owner as to the actual date the Project is “placed in 

service” as that term is defined in the regulations or notices promulgated under 
Section 42 of the Code; 

 
(f) Certificate(s) of occupancy from the municipality or other governmental authority 

having jurisdiction; 
 
(g) Original certification from the Owner of the full extent of all federal, State and local 

subsidies which apply (or which the Owner expects to apply) with respect to the 
Project; 

 
(h) Original certification from the Project's Architect that the Project is in compliance 

with all applicable federal and state statutes and regulations in regard to the 
operation of adaptable and accessible housing for the disabled; 

 
(i) Letter of compliance from a certified inspector that all lead-based paint hazards 

have been removed from all units in the Project such that, upon occupancy, the 
Project will be in compliance with all applicable federal, state and local laws, codes 
and regulations including the Massachusetts Lead Poisoning Prevention and 
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Control Laws, M.G.L. Chapter 111, Sections 190-199A and the regulations 
thereunder at 105 CMR 460.000 et seq. 

 
(j) Original Release and Indemnification Agreement agreeing to release and 

indemnify DHCD from any claim, loss, demand or judgment as a result of the 
allocation of Low-Income Tax Credits to the Project or the recapture of 
Low-Income Tax Credits by the Internal Revenue Service; 

 
(k) Original certification from the Owner pursuant to Massachusetts General Laws 

Chapter 62C Section 49A that the Owner has complied with all laws of the 
Commonwealth related to taxes; and    

 
(l) Any and all other documents required by Section 42 of the Code or the applicable 

Treasury Regulations and any documents that DHCD may require. 
 
SECTION 8 - MONITORING AND ENFORCEMENT  
 
(a) The Owner agrees to comply with any monitoring plan, guidelines, procedures, or 

requirements as may be adopted or amended from time to time by DHCD in 
accordance with requirements of the Code or regulations promulgated thereunder 
by the U.S. Department of the Treasury, Internal Revenue Service (“applicable 
regulations”) or in order to monitor compliance with the provisions of this 
Agreement. 

 
(b) The Owner covenants that it will not knowingly take or permit any action that would 

result in a violation of the requirements of Section 42 of the Code and applicable 
regulations or this Agreement.  Moreover, Owner covenants to take any lawful 
action (including amendment of this Agreement as may be necessary, in the 
opinion of DHCD) to comply fully with the Code and with all applicable regulations, 
rules, rulings, policies, procedures, or other official statements promulgated or 
proposed by the United States Department of the Treasury, Internal Revenue 
Service, from time to time pertaining to Owner's obligations under Section 42 of 
the Code and affecting the Project. 

 
(c) The Owner will permit, during normal business hours and upon reasonable notice, 

any duly authorized representative of DHCD (or its Authorized Delegate) to inspect 
any books and records of the Owner regarding the Project that pertain to 
compliance with the Code, applicable regulations, and this Agreement.  The 
Owner further agrees to cooperate with any on-site inspection of the Project by 
DHCD (or its Authorized Delegate) during normal business hours and upon 
reasonable notice. 

 
(d) The Owner will take any and all actions reasonably necessary and required by 

DHCD to substantiate the Owner's compliance under the Code, applicable 
regulations, and this Agreement.  The Owner shall at least annually (or more 
frequently as required by DHCD) submit to DHCD a Certification concerning 
program compliance in such form, including such documentation, and within such 
timeframe, as may be required by DHCD pursuant to any monitoring plan, 
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guidelines, or procedure adopted or amended by DHCD.  At DHCD's request, the 
Owner will submit any other information, documents, forms or certifications which 
DHCD deems reasonably necessary to substantiate the Owner's continuing 
compliance with the Code, applicable regulations, and this Agreement. 

 
(e) The Owner covenants and agrees to inform DHCD by written notice of any 

violation of the Owner's obligations hereunder within seven (7) business days of 
first discovering such violation.  In accordance with the provisions of any 
monitoring plan, guidelines, or procedures as then may be in effect, DHCD 
covenants and agrees to inform the Owner by written notice of any violation of the 
Owner's obligations hereunder and to provide the Owner a period of time in which 
to correct such violation.  If any violation is not corrected to the satisfaction of 
DHCD within the period of time specified by DHCD in a notice, or within such 
further time as DHCD determines is necessary to correct the violation, but not to 
exceed any time limitation set by applicable regulations, then without further 
notice, DHCD may declare a default under this Agreement effective on the date of 
such declaration of default, and DHCD may apply to any court, state or federal, for 
specific performance of this Agreement, or any other remedies at law or in equity, 
or take any other action as may be necessary or desirable to correct 
noncompliance with this Agreement.  The foregoing is not intended to limit in any 
way DHCD's obligation to notify the Internal Revenue Service, pursuant to 
applicable regulations, of a noncompliance on the part of the Owner. 

 
(f) The Owner acknowledges that the primary purpose for requiring compliance by the 

Owner with the restrictions provided in this Agreement is to assure compliance of 
the Project and the Owner with Section 42 of the Code and the applicable 
regulations, and by reason thereof, the Owner in consideration for receiving Low-
Income Housing Tax Credits for this Project hereby agrees and consents that 
DHCD and any individual who meets the income limitation applicable under 
Section 42 of the Code (whether a prospective, present or former occupant) shall 
be entitled, for any breach of the provisions hereof, and in addition to all other 
remedies provided by law or in equity, to enforce specific performance by the 
Owner of its obligations under this Agreement in a court of competent jurisdiction.  
The Owner hereby further specifically acknowledges that the beneficiaries of the 
Owner's obligations hereunder cannot be adequately compensated by monetary 
damages in the event of any default hereunder.  In the event of a breach of this 
Agreement, the Owner shall reimburse DHCD for all costs and attorneys' fees 
incurred associated with such breach. 

 
(g) The Owner hereby agrees that the representations and covenants set forth herein 

may be relied upon by DHCD and all persons interested in Project compliance 
under Section 42 and the applicable regulations. 

 
(h) Notwithstanding anything in this Agreement to the contrary, in the event that the 

Owner fails to comply fully with the covenants and agreements contained herein or 
with the Code, all applicable regulations, rules, rulings, policies, procedures, or 
other official statements promulgated by the Department of the Treasury, the 
Internal Revenue Service or DHCD from time to time pertaining to the obligations 
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of the Owner as set forth therein or herein, DHCD may, in addition to all of the 
remedies provided by law or in equity, report such noncompliance to the Internal 
Revenue Service which could result in penalties and/or re-capture of tax credits. 

 
(i) The Owner agrees to pay an annual monitoring fee in such amount and by such 

method as may be selected by DHCD pursuant to the applicable provisions set 
forth in the Commonwealth of Massachusetts Allocation Plan for the Low-Income 
Housing Tax Credit, as such provisions may be amended or superseded in a 
subsequent year’s Allocation Plan.  DHCD reserves the right to charge a 
reasonable monitoring fee to perform compliance monitoring functions after the 
completion of the tax credit compliance period (as defined in Section 42 of the 
Code) for the remainder of the term of this Agreement. 

 
(j) DHCD expressly reserves the right to continue monitoring, during the term of this 

Agreement, for compliance with the provisions of this Agreement beyond any 
timeframe provided for monitoring in the Code or applicable regulations. 

 
(k) During the tax credit compliance period (as defined in Section 42 of the Code), the 

Owner will retain records in accordance with the requirements of the applicable 
regulations, DHCD monitoring plan and/or guidelines.  After the end of the 
compliance period, the Owner will retain records adequate to demonstrate 
compliance with the terms and conditions of this Agreement, including, but not 
necessarily limited to, income and rent records pertaining to tenants. 

 
Section 9 ANNUAL DATA COLLECTION 
 
A. Annual Report.  Annually, no later than September 30, the Owner shall submit to 
DHCD, via the web-based annual reporting system, an annual report consisting of the 
following in a form approved by DHCD and containing such supporting documentation 
as DHCD shall reasonably require: 
 

(i) Annual adjusted income of each Family occupying a Restricted unit. 
 

(ii) Monthly gross rents (rents plus utility allowances, if applicable) for all 
Restricted Units, such rents to be consistent with the schedule of maximum 
rents published annually by DHCD.   

 
(iii) Data required by DHCD regulations at 760 CMR 61.00, promulgated pursuant 

to Chapter 334 of the Acts of 2006, and all applicable DHCD directives, 
guidelines and forms as may be amended from time to time. The Owner shall 
collect said data for the express purpose of reporting to DHCD, and the 
collection and reporting of said data shall comply with said regulations, 
directives, guidelines and forms. 

 
(iv)  Rental assistance data on all existing Residents of Restricted Units. 
 

B. Confidentiality.  DHCD and the Owner shall treat as confidential any of the 
foregoing information relating to a specific resident or unit in compliance with all 
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applicable state and federal statutes and regulations, including M.G.L. c. 66A, and shall 
implement adequate systems and procedures for maintaining the confidentiality of such 
information (but DHCD and the Owner may release general statistical and other 
information about the Property, so long as the privacy rights and interests of the 
individual Residents are protected).  DHCD and the Owner shall not use any of the 
foregoing information in Paragraph A.(iii) for any purpose described in Section 603(d)(1) 
of the federal Fair Credit Reporting Act (15 U.S.C. § 1681a(d)(1)) or in any manner that 
would cause DHCD or the Owner to be considered a "consumer reporting agency" 
under Section 603(f)  of the federal Fair Credit Reporting Act (15 U.S.C. § 1681a(f)).  
 
C. Additional Reports.  The Owner shall prepare and submit to DHCD such 
additional reports as DHCD may deem necessary to ensure compliance with the 
requirements of this Restriction and of the Programs. 

D. Records.  The Owner shall maintain as part of its records (i) copies of all leases 
of Restricted Units; (ii) all initial and annual income certifications by Residents of 
Restricted Units and (iii) such additional records as DHCD may deem necessary to 
ensure compliance with the requirements of this Restriction and of the Programs. 
 
 
SECTION 10 - TAX CREDIT ALLOCATION 
 
(a) DHCD has determined that as of the date of this Agreement written above, the 

Project will support a Low-Income Housing Tax Credit Allocation in the amount of 
      (or insert “not applicable”). 

 
(b) DHCD and the Owner agree that if the Tax Credit Allocation is not specified in 

Section 9(a) above, the Owner shall deliver to DHCD an audited certification of 
costs, an audited schedule of sources (including rental and/or operating subsidies) 
and uses (including reserves), and an audited schedule of low income housing tax 
credit eligible basis as well as any supplementary schedules required by DHCD in 
the format provided by DHCD as required by Section 7(d) of this Agreement no 
later some future date mutually agreeable to the parties.  DHCD will thereafter 
notify the Owner of DHCD’s final determination of the Low-Income Housing Tax 
Credit Allocation for the Project.  Such final allocation will be specified in a written 
Addendum to this Agreement, to be executed by both parties and recorded in the 
appropriate registry of deed or land court registry district by the Owner. 

 
SECTION 11 - MISCELLANEOUS 
 
(a)  Severability.  The invalidity of any clause, part or provision of this Agreement shall 

not affect the validity of the remaining portions thereof. 
 
(b) Notices.  All notices to be given pursuant to this Agreement shall be in writing and 

shall be deemed given when delivered by hand or when mailed by certified or 
registered mail, postage prepaid, return receipt requested, to the parties hereto at 
the addresses set forth below, or to such other place as a party may from time to 
time designate in writing. 
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 DHCD:  Department of Housing and Community Development 
    100 Cambridge Street, Suite 300 
    Boston, MA  02114 
    ATTENTION:  Tax Credit Program Director 
 
  With a Copy to: Department of Housing and Community Development 
    100 Cambridge Street, Suite 300 
    Boston, MA 02114 
    ATTENTION:  Chief Counsel 
 
 
 To the Owner:            

            

            

            

            

            

  
ATTENTION: 

 
           

 
 DHCD and the Owner, may, by notice given hereunder, designate any further or 

different addresses to which subsequent notices, certificates or other 
communications shall be sent. 

 
(c) Amendment. This Agreement may not be amended without the express written 

consent of DHCD and the Owner.  The Owner agrees that it will take all actions 
necessary to effect amendment of this Agreement as may be necessary to comply 
with the Code and all applicable rules, regulations, policies, procedures, rulings or 
other official statements pertaining to the Low-Income Tax Credit. 

 
(d) Governing Law. This Agreement shall be governed by the laws of the 

Commonwealth of Massachusetts and, where applicable, the laws of the United 
States of America. 

 
(e) Survival of Obligations. The obligations of the Owner as set forth herein shall 

survive the allocation of the Low-Income Tax Credit and shall not be deemed to 
terminate or merge with the awarding of the allocation. 

 
(f) Metrolist Listing.  If the Project is located in the Boston Standard Metropolitan 

Statistical Area, prior to initial tenant selection for tax credit-assisted units, and 
thereafter whenever there is a vacancy in a tax credit-assisted unit, the Owner 
shall list such unit(s) with the City of Boston's Metrolist (Metropolitan Housing 
Opportunity Clearing Center), which is located at Boston City Hall, Room 966A, 
P.O. Box 5996, Boston, MA 02114-5996. 
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(g) City of Boston - Occupancy Goals.  If the Project is located in a neighborhood 
which is predominantly white in the City of Boston, according to a list maintained at 
DHCD, the affirmative fair marketing plan referenced in section 2(k) above of this 
Agreement shall have the percentage goals for occupancy of the Low-Income 
Units of the Project which reflect the racial composition of the City of Boston as 
determined in the most recent U.S. Census.  As of the date of execution of this 
Agreement, these percentages are as follows: 

 
 49.5% White 14.4% Hispanic 7.5% Asian/Pacific Island 
 23.8% Black   0.3% Native American 4.5% Other 
 
 DHCD may, from time to time during the term of this Agreement, provide the 

Owner with written notification of changes in the above percentage goals.  The 
Owner agrees that upon receipt of such notification, it will amend the affirmative 
fair marketing plan for the Project to reflect such changed goals. 

 
 
SECTION 11 – GROUND LEASE 
 

(a)  The Owner is the tenant under the Ground Lease of the land upon which the 
Project is located, from the Ground Lessor as landlord and fee owner.  For valuable 
consideration received, the receipt and sufficiency of which hereby are acknowledged, 
the Ground Lessor hereby joins in the grant of this Tax Credit Regulatory Agreement 
and Declaration of Restrictive Covenants and agrees, for itself and its successors and 
assigns, to be bound by all of the terms and conditions hereof for the term of this 
Agreement, whether or not said Ground Lease is terminated for any reason, to the 
same extent as if the Ground Lessor were the named Owner hereunder. 

 
(b)  On the date of execution and delivery of this Agreement, the Owner shall 

deliver to DHCD a true and complete copy of the Ground Lease and the Notice of 
Ground Lease, together with all amendments thereto, and any other documents relating 
thereto as DHCD shall deem appropriate.   

 
(c)  Upon the recording of this Agreement in accordance with Section 2 above, 

the Owner shall cause a marginal reference to the recording of this Agreement to be 
noted on the Deed to the Ground Lessor, and shall provide written evidence thereof to 
DHCD. 

  
(d)  All notices to the Ground Lessor hereunder shall be given in the manner set 

forth in Section 10(b) above and shall be sent to the following address, or to such other 
address as the Ground Lessor may from time to time designate in writing: 
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ATTENTION: 
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 IN WITNESS WHEREOF, the parties have caused this Agreement to be signed by 
their duly authorized representatives as a sealed instrument, as of the day and year first 
written above. 
 
 
       

GROUND 
LESSOR:       

By:       

Type 
Name:            

Title:       

 
 

OWNER:        

By:      , 

 its Manager/General Partner (strike 
one) 

By:       

Type 
Name:            

Title:            

 
 

DHCD: DEPARTMENT OF HOUSING AND 
COMMUNITY DEVELOPMENT 

By:  

Type 
Name: 

      

Title:       
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COMMONWEALTH OF MASSACHUSETTS 

 
 
COUNTY OF  _______________________    
 
  

On this ____ day of _______________ 200__, before me, the undersigned 
notary public, personally appeared ______________________________, 
___________________ of ______________________________________, proved to 
me through satisfactory evidence of identification, which was (a current driver’s license) 
(a current U.S. passport) (my personal knowledge of the identity of the principal), to be 
the person whose name is signed on the preceding or attached document, and 
acknowledged that he or she executed the foregoing instrument voluntarily for its stated 
purpose and that the foregoing instrument is his or her free act and deed and the free 
act and deed of _____________________________. 
 
 

_________________________________ 
Notary Public 
My commission expires: 

 
 
 
 

COMMONWEALTH OF MASSACHUSETTS 
 
 
COUNTY OF                                                         
 

On this ____ day of _______________ 200__, before me, the undersigned 
notary public, personally appeared ______________________________, 
___________________ of ______________________________________, proved to 
me through satisfactory evidence of identification, which was (a current driver’s license) 
(a current U.S. passport) (my personal knowledge of the identity of the principal), to be 
the person whose name is signed on the preceding or attached document, and 
acknowledged that he or she executed the foregoing instrument voluntarily for its stated 
purpose and that the foregoing instrument is his or her free act and deed and the free 
act and deed of _____________________________. 
 
 

_________________________________ 
Notary Public 
My commission expires: 
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COMMONWEALTH OF MASSACHUSETTS 
 
 
COUNTY OF SUFFOLK  

  
On this ____ day of _______________ 200__, before me, the undersigned 

notary public, personally appeared ______________________________, 
___________________ of the Massachusetts Department of Housing and Community 
Development, proved to me through satisfactory evidence of identification, which was 
my personal knowledge of the identity of the principal, to be the person whose name is 
signed on the preceding or attached document, and acknowledged that he or she 
executed the foregoing instrument voluntarily for its stated purpose and that the 
foregoing instrument is his or her free act and deed and the free act and deed of 
_____________________________. 
 
 

_____________________________________ 
Notary Public 
My commission expires: 
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Exhibit A 
Description of Property 

      



 

 

 

 

SECTION 9 

 

LIST OF EXCEPTIONS TO THE ZONING BYLAWS AND 

OTHER LOCAL LAND USE REQUIREMENTS 

  



 

1 
 

370-384 HARVARD STREET 

PROPOSED WAIVER LIST 

 

M-1.0 Zoning District 

BROOKLINE ZONING BY-LAW 

By-Law Section Requirement Requested Waivers Details of Proposal Requiring Waiver Waiver 

Number 

§4.07 – Table of 

Use Regulations 

Multi-family Uses Use property as a multi-family 

dwelling without a special permit. 

The Development is a multi-family 

dwelling with 62 rental units (of which 

58 will be affordable deed-restricted 

units) and a retail component of less 

than 5,000 s.f. Approval of a 

Comprehensive Permit by the Zoning 

Board of Appeals under M.G.L. c. 40B 

§20-23 allows proposed use. 

A 

§4.07 – Table of 

Use Regulations 

Retail Store of less than 

5,000 s.f. (Use #29) 

Waiver from the restriction on retail 

stores in M Zoning Districts. 

The Development has a retail store of 

less than 5,000 s.f. on the first floor 

facing Harvard Street. 

B 

§4.08 Affordable Housing 

Requirements 

Use property for affordable housing 

without a special permit and without 

complying with specific 

requirements. 

The Development is a multi-family 

dwelling under M.G.L. c. 40B and all 

affordable housing requirements are 

governed by the Comprehensive Permit. 

C 

Table §5.01 Minimum Lot Size Waiver from minimum lot size 

requirement of 64,000 s.f. (3,000 s.f. 

for first dwelling unit and 1,000 s.f. 

for each additional dwelling unit). 

The Development has 18,323 s.f. of lot 

area for 62 units. 

D 

Table §5.01 

 

Maximum Floor Area Waiver from 1.0 maximum ratio of 

gross floor area to lot area. 

With 62,196 s.f. in gross floor area on a 

lot of 18,323 s.f., the Development will 

have a floor area ratio of approximately 

3.4. 

 

 

E 

Table §5.01 

 

Maximum Height of 

Buildings 

Waiver from 40’ maximum building 

height restriction. 

The building height will be no greater 

than 70’ 1”. 

F 

Table §5.01 Minimum Front Yard Waiver from the 15’ Front Yard 

Setback requirement. 

The front yard setback of the 

Development will be 0’ along Harvard 

Street and 0’ along Williams Street. 

G 
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By-Law Section Requirement Requested Waivers Details of Proposal Requiring Waiver Waiver 

Number 

Table §5.01 Minimum Side Yard Waiver from the Side Yard Setback 

requirement (10’ + L/10’). 

The setbacks of the Development will 

be 0’ from the Kehillah Israel 

synagogue ground lease line and 0’ 

along the Centre-Williams Condo 

Association property line.  

H 

Table §5.01 Minimum Rear Yard Waiver from the Rear Yard Setback 

requirement (30’).  

Since the property is a corner lot with 

two side lot lines, the owner has the 

privilege of choosing which interior 

lot line will be considered the rear. 

The setbacks of the Development will 

be 0’ from the Kehillah Israel 

synagogue ground lease line and 0’ 

along the Centre-Williams Condo 

Association property line. 

I 

Table §5.01 Minimum Landscaped 

Open Space 

There is a requirement for landscaped 

open space equaling 10% of gross 

floor area, or 6,220 s.f. for this 

Development. 

The Development will have 1,517 s.f. in 

open space, 2.4% of the development’s 

gross floor area. 

J 

Table §5.01 Minimum Usable Open 

Space 

 

There is a requirement for usable 

open space equaling 20% of gross 

floor area, or 12,439 s.f. for this 

Development. 

The Development will have no usable 

open space on site. 

K 

 

 

Table §5.01 Minimum Side Yard  

(Kehillath Israel) 

Waiver from the Side Yard Setback 

requirement (20’ + L/10’) for the KI 

Building at 384 Harvard Street. 

The KI Building will have a 0’ setback 

along a new ground lease lot line.  

L 

Table §5.01 
Minimum Rear Yard 

(Kehillath Israel) 

Waiver from the Rear Yard Setback 

requirement (40’) for the KI Building 

at 384 Harvard Street. 

The KI Building’s new rear entrance 

will be reconfigured due to a new 

ground lease lot line and the JCHE 

development. The rear entrance stairs, 

ramps, and walls will have a 0’ rear yard 

setback. 

M 

§5.09 Design Review Project design approval without 

Design Review and a special permit 

under §5.09.  

Design elements included in the 

Comprehensive Permit application to be 

reviewed by the Zoning Board of 

Appeals in accordance with M.G.L. c. 

40B, §20-23. 

N 
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By-Law Section Requirement Requested Waivers Details of Proposal Requiring Waiver Waiver 

Number 

§5.45 Traffic Visibility 

Across Corners 

Waiver from the requirement that no 

structure be maintained between a 

plane of 2.5’ and 7’ above curb level 

within 25’ of the street intersection. 

The Development has a 0’ front yard 

setback along Harvard Street and a 0’ 

front yard setback along William Street 

and the building will be located within 

this area. 

O 

§5.51 
Projections into Front 

Yards 

Waiver from the requirements 

restricting building projections. 

Projections such as bays will extend 

more than 2.5’ into the front yard 

setback. 

P 

§5.52 
Fences and Terraces in 

Front Yards 

Waiver from the requirements 

restricting decks in the front yard. 

Wooden decking at the ground level 

will extend to the front property line 

along Williams Street, and a roof deck 

will extend to the front property line 

along Harvard Street. 

Q 

§5.62 

Fences and Terraces in 

Side Yards 

(Kehillath Israel) 

Waiver from the requirements 

restricting steps, decks and walls in 

the side yard. 

The KI Building’s new rear entrance 

will be reconfigured due to a new 

ground lease lot line and the JCHE 

development. The rear entrance stairs, 

ramps, and walls will have a 0’ side 

yard setback. 

R 

§5.74 

Fences and Terraces in 

Rear Yards 

(Kehillath Israel) 

Waiver from the requirements 

restricting steps, decks and walls in 

the rear yard. 

The KI Building’s new rear entrance 

will be reconfigured due to a new 

ground lease lot line and the JCHE 

development. The rear entrance stairs, 

ramps, and walls will have a 0’ rear yard 

setback. 

S 

§6.02, Paragraph 1, 

Table of Off-Street 

Parking Space 

Requirements 

Off-Street Parking 

Spaces 

Waiver from parking space 

requirement of 2.0 per dwelling unit 

and 1 space per 200 s.f. for retail 

component of project. 

The project will have a total of 14 

parking spaces.  

T 

Article VI Vehicular Service Uses 

Requirements 

Waiver from all dimensional and 

design requirements for off-street 

parking, including but not limited to 

minimum aisle width, maximum 

driveway width; number of accessible 

Off-street parking design and 

dimensions per Comprehensive Permit 

plans.  

U 
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By-Law Section Requirement Requested Waivers Details of Proposal Requiring Waiver Waiver 

Number 

parking spaces and driveway location 

distance from a street corner. 

§6.06 Off-Street Loading 

Spaces 

Waiver from the one required loading 

space for the project’s retail 

component. 

Loading for 370-384 Harvard Street will 

take place in the proposed pick-up/drop 

off area on Harvard Street. 

V 

§6.07 Design and Layout of 

Off-Street Loading 

Facilities  

Waiver from design and layout 

requirements for loading facilities. 

Design and layout of loading facilities 

per Comprehensive Permit plans.  

W 

 

 

BROOKLINE TOWN BY-LAWS 

Bylaw Section Requirement Requested Waiver(s) 
Details of Proposal 

Requiring Waiver 

Waiver 

Number 

§3.17 

Department of Public 

Works – Tree Removal 

Permit Process* 

Waiver from the Department of 

Public Works. 

Comprehensive Permit, as may be 

granted by Zoning Board of Appeals 

shall provide all local permits per 

M.G.L. c. 40B § 20-23. 

X 

§3.17 

Department of Public 

Works – 

Transportation** 

Waiver from the Transportation 

Board review process to remove on-

street parking and establish a drop-

off/pick-up zone on Harvard Street. 

Comprehensive Permit, as may be 

granted by Zoning Board of Appeals, 

shall provide all local permits per 

M.G.L. c.40B § 20-23. 

Y 

§5.3 
Demolition Delay By-

law 

Waiver from the Preservation 

Commission requirements to 

demolish buildings in Brookline. 

Comprehensive Permit, as may be 

granted by Zoning Board of Appeals 

shall provide all local permits per 

M.G.L. c. 40B § 20-23. 

Z 

*Refer to M.G.L. ch. 87 regarding removal of Public Shade Trees. 

**Refer to M.G.L. ch. 317 of the Acts of 1974 regarding the Transportation Board’s authority in the Town of Brookline. 



 

 

 

 

SECTION 10 

 

TRAFFIC IMPACT ASSESSMENT 

  



 
Stantec Consulting Services Inc. 
226 Causeway Street 6th Floor 
Boston MA US 02114-2155 

 

  
 

October 28, 2016 
File: 210801364 

Attention: Ms. Rhonda Spector 
Director of Real Estate Development 
Jewish Community Housing for the Elderly 
30 Wallingford Road  
Brighton, MA  02135-4753 

Dear Ms. Spector, 

Reference: Congregation Kehillath Israel Senior Living Community, Brookline, MA 

Per your request, we conducted an investigation of potential traffic impacts associated with the above 
referenced project. Based on this investigation we conclude that the project will have a negligible impact on 
area traffic operations. Furthermore, the roadway system operates at a high level of service under existing 
conditions and has adequate capacity to accommodate the project related traffic increases at the same high 
level of service. Proposed changes at the site, a new driveway on Williams Street and a pick-up/drop-off 
area on Harvard Street, will allow for safe site access for employees and emergency vehicles. 

PROJECT DESCRIPTION 

Congregation Kehillath Israel is entering into a long term lease agreement with Jewish Community Housing 
for the Elderly to redevelop a portion of their property at the Harvard Street and Williams Street 
intersection in Brookline as an independent senior living community. The existing Epstein Auditorium 
building on the property would be removed and replaced with 62 senior living units, including 53 one-
bedroom units and nine two-bedroom units. Less than 5000 square feet of retail space is also proposed 
fronting Harvard Street to serve resident and neighborhood needs. Parking on the site would be increased 
by 14 spaces. Three of these spaces will be designated for use by the existing temple and the balance, 
including at least one car-share space, will support the new facility. Access to the parking would be by way 
of a new driveway at Williams Street. The proposed driveway will be approximately 20 feet wide.  

EXISTING CONDITIONS 

Roadways 

The project site is located in the southwest quadrant of the signalized Williams Street/Stedman 
Street/Harvard Street intersection. Harvard Street is a two-lane, two-way minor arterial adjacent to the 
project site with on-street parking and bike lanes. Sidewalks are also provided on both sides of the street. 
Stedman Street enters Harvard Street from the north and Williams Street exits Harvard Street to the south. 
(Both are one-way southbound streets.) Williams Street is located just west of Stedman Street creating an 
off-set intersection. At this intersection Harvard Street includes a westbound left-turn lane approximately 
90 feet in length. Stedman Street includes separate right and left turn lanes. The signal provides a protected 
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phase for left turns from Harvard Street to Williams Street. An exclusive pedestrian phase is also provided. 
A school, the Edward Devotion School, is located in the northeast quadrant of the intersection and 
generates significant pedestrian traffic during morning arrivals and afternoon dismissal. A police detail is 
present to help manage traffic at these times.  

Traffic Volumes 

Peak hour traffic volume data for the above intersection was obtained from another recent traffic study and 
new field counts. A Transportation Study prepared by VHB for the Edward Devotion School Project date 
April 25, 2015 was referenced to obtain AM peak hour traffic volumes. Since this study considered traffic 
impacts during school peak activity periods it did not include counts during the afternoon commuter peak 
traffic period. New counts were contracted by Stantec for the PM peak period in April 2016.  The weekday 
AM and PM peak hour volumes are reported in Table 1. As shown, during the AM commuter peak hour the 
highest volume flow, 425 vehicles per hour, is westbound on Harvard Street towards Allston. During the PM 
peak hour Harvard Street volumes are fairly balanced with a westbound through volume of 495 vehicles and 
an eastbound through volume, headed toward Brookline Village, of 485 vehicles. The side street volumes 
range from 75 to 125 vehicles per hour. The AM peak hour occurs 7:15 to 8:15 AM and the PM peak hour is 
from 5:00 to 6:00 PM. 

Direction/Movement AM Peak Hour PM Peak Hour 

Southbound (Stedman St.) 

   Left 30 15 

   Through 25 30 

   Right 55 30 

 Eastbound (Harvard Ave.)  

   Through 350 485 

   Right 30 25 

Westbound (Harvard Ave.) 

   Left 70 100 

   Through 425 495 

TOTAL 985 1180 

Table 1 Existing Peak Hour Traffic Volumes – Williams Street/Stedman Street/Harvard Street 
Intersection 
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Operations 

Existing intersection peak hour operating levels of service were calculated for the Williams Street/Stedman 
Street/Harvard Street intersection following procedures described in the latest edition of the Highway 
Capacity Manual. Operating level of service (LOS) is a term used to describe the quality of traffic flow on a 
roadway. It is an aggregate measure of travel delay, travel speed, congestion, driver discomfort, 
convenience, and safety based on a comparison of roadway capacity to travel demand. Operating levels of 
service are reported on a scale of A to F with LOS A representing the best operating conditions (little or no 
delay to motorists) and LOS F representing the worst operating conditions (long delays and with traffic 
demands sometimes exceeding roadway capacity.) As reported in Edward Devotion School Project 
Transportation Study the subject intersection presently operates at LOS B during the AM peak hour and 
LOS B during the school dismissal hour. Stantec’s analysis of PM commuter peak hour operations, attached, 
indicates that it operates at LOS B during this hour. 

FUTURE CONDITIONS 

Traffic volume conditions on the area roadway system were developed for a “Build” scenario. The “Build” 
scenario assumes that traffic generated by the proposed development is combined with existing traffic 
volumes. Existing and Build traffic conditions at the subject intersection were then compared to quantify 
the impact of project traffic on volumes and operations.  

Site Traffic 

Traffic forecasts for the proposed development project were based on the application of standard Institute 
of Transportation Engineers (ITE) trip rates. Based on the ITE trip rates for Land Use Code 252-Senior 
Adult Housing – Attached, a 62-unit senior living facility will generate only 12 AM peak hour vehicle trips 
and 15 PM peak hour trips as noted in Table 2. Up to 214 vehicle trips on a daily basis are expected based on 
the ITE data. Vehicle trip generation for the retail space is expected to be nominal as the retail space will 
serve residents of the project and the neighborhood. The retail space will be sustained primarily by walk-in 
traffic. 

Time Period Direction Trip Rate (Trips / 
Dwelling Unit) 

Vehicle Trips 

 

AM Peak Hour 

Entering 0.07 4 

Exiting 0.13 8 

Total 0.20 12 
 

 

PM Peak Hour 

Entering 0.13 8 

Exiting 0.12 7 

Total 0.25 15 
 



October 28, 2016 
Ms. Rhonda Spector 
Page 4 of 7 

Reference: Congregation Kehillath Israel Senior Living Community, Brookline, MA 

 

Time Period Direction Trip Rate (Trips / 
Dwelling Unit) 

Vehicle Trips 

 

Daily 

Entering 1.72 107 

Exiting 1.72 107 

Total 3.44 214 

Table 2 Project Traffic Generation 

The above trip estimates are considered very conservative for two reasons. First, residents of the proposed 
facility will not be allowed to own vehicles. (Two parking stalls will be reserved for car-share vehicles and 
transportation services will be offered to residents for local trips.) Consequently, trip generation at this site 
will be limited primarily to employee trips. Since the ITE trip rates include both employee and resident 
trips, the trip estimates are conservative. Second, not all employees will drive to the site. The ITE trip rates 
are based on data collected primarily at suburban sites where virtually all trips to and from the sites 
monitored are made by automobile. In Brookline, only 40 percent of residents drive alone to work based on 
2010 US Census data. Older Census data (2000) indicate that only 65 percent of people working in 
Brookline commute by private automobile. Consequently, at the Brookline location trip generation 
associated with employees will likely be 35 percent lower than the ITE estimate.  

Another component of the project traffic generation relates to home care workers. Residents may choose to 
hire part-time home care workers (non-JCHE employees) who will make visits to the site throughout the 
day. These trips are already accounted for in the ITE trip rates to the extent that residents in the sites 
surveyed also employ home care workers. Here again the analysis is conservative in that all project 
generated trips are assumed to be generated at the site. In discussions with the sponsor (JCHE), they report 
that many home care workers will likely walk or use public transportation. The few vehicle trips that they 
generate will be dispersed among nearby municipal parking lots and available on-street parking.  

Future Traffic Volumes 

Anticipated site generated vehicle trips were assigned to the area roadway network assuming that a 
driveway serving the project-related parking would be located on Williams Street. It was also assumed that 
all of the entering trips would pass through the Williams Street/Stedman Street/Harvard Street intersection 
with approximately one-half approaching from the east and one-half approaching from the west. Due to the 
one-way nature of Williams Street traffic exiting the site will not likely pass through the subject intersection. 
However, to be conservative, it was assumed that all of the exiting trips would access Harvard Street by way 
of Fuller Street (located west of the site). Half of these exiting trips would then turn right from Fuller Street 
and pass through the subject intersection in the eastbound direction. The project trip assignments are 
documented in Table 3.  
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Direction/Movement 

AM Peak Hour PM Peak Hour 

Existing 
Volumes 

Project 
Traffic 

Build 
Volumes 

Existing 
Volumes 

Project 
Traffic 

Build 
Volumes 

Southbound (Stedman St.) 

   Left 30 0 30 15 0 15 

   Through 25 0 25 30 0 30 

   Right 55 0 55 30 0 30 

 Eastbound (Harvard Ave.)  

   Through 350 4 354 485 4 489 

   Right 30 2 32 25 4 29 

Westbound (Harvard Ave.) 

   Left 70 2 72 100 4 104 

   Through 425 0 425 495 0 495 

TOTAL 985 8 993 1180 12 1192 

Table 3 Future Peak Hour Traffic Volumes – Williams Street/Stedman Street/Harvard Street Intersection 

The combined project traffic and existing traffic volumes represent the Build condition traffic volumes 
which are also shown in Table 3. As noted, based on the assumptions described above, the project will add 
12 or less peak hour vehicles to the subject intersection. This represents a one percent or less increase in 
volumes over existing conditions. 

Future Traffic Operations 

The traffic operations analyses completed above for existing traffic conditions were repeated for Build 
conditions for the Williams Street/Stedman Street/Harvard Street intersection. The results for both 
conditions are presented in Table 4. Also provided are calculated 95th percentile vehicle queues for the 
westbound left-turn lane on Harvard Street. As shown, the added project traffic will not have a noticeable 
impact on intersection operations. The calculated level of service is unchanged between existing and Build 
conditions. The overall vehicle delay is expected to increase by less than one second as a result of the 
proposed development project. Calculated 95th percentile vehicle queues in the 90-feet long westbound left-
turn lane on Harvard Street are 50 feet or less under Build conditions. Capacity analysis worksheets for all 
analysis conditions are attached. 
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 Existing Conditions Build Conditions 
Peak 
Hour 

LOS1 Delay2 V/C3 Queue4 LOS Delay V/C Queue4 

AM B 15.6 0.41 36 B 15.7 0.41 37 

PM B 16.4 0.53 49 B 16.6 0.54 50 
1 LOS= Level of Service 

2 Delay = Average delay expressed in seconds per vehicle 

3 V/C = Volume-to-capacity ratio for critical movements 
4 95th Percentile vehicle queue measured in feet in the westbound left-turn lane on Harvard Street 
 
Table 4 Williams Street/Stedman Street/Harvard Street Intersection Operations 

Emergency Response 

A concern often cited with respect to senior housing is the frequency with which ambulances may arrive at 
such a facility. Data for the number of ambulance calls for four Jewish Community Housing for the Elderly 
facilities was provided to Stantec. The data is summarized below in Table 5.  
 

Facility # 
Units 

Calls per 
Week 

Weekly Calls per 
Unit 

Annual Calls per 
Unit 

Shillman House 150 2 0.013 0.693 

Coleman House 146 3 0.021 1.068 

Golda Meir 
House 

199 3 0.015 0.784 

Brighton Campus 702 9 0.013 0.667 

Average 299 4.25 0.014 0.739 
Table 5 Fire/EMS calls at JCHE Facilities 

 
As shown in Table 5, the average annual EMS/Fire call rate at these existing facilities is 0.74 calls per unit.  
Applying this call rate to the proposed 62-unit residential development indicates 46 EMS calls per year at 
this facility or 0.88 EMS calls per week. Permission will be sought from the Town to remove several parking 
spaces along Harvard Street adjacent to the site so that these spaces could be repurposed as a pick-up/drop-
off zone for residents and visitors. The pick-up/drop-off zone would also serve emergency vehicles. 
Ambulances arriving from Coolidge Corner will have adequate space to make a U-turn to enter the pick-
up/drop-off area, if desired. (The minimum turning radius for an ambulance is 42 feet and Harvard Street 
is 42 feet wide at this location excluding the parking lane on the north side of the street.) 
 

CONCLUSIONS AND RECOMMENDATIONS 

As explained above, the proposed development will not have a significant impact on traffic operations at the 
Williams Street/Stedman Street/Harvard Street intersection. Likewise, it will not generate a significant 
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number of EMS calls. Consequently, no recommendations are proposed to mitigate project related traffic 
impacts.  
 
Thank you for the opportunity in assisting you with this project. Please do not hesitate to call if you have 
questions regarding the above. 

Regards, 

Stantec Consulting Services Inc. 

 
Richard S. Bryant 
Associate 
Phone:802 864 0223 
Fax:802 864 0165 
Richard.Bryant@stantec.com 

Attachments: Traffic Counts, Capacity Analysis Worksheets 
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N/S: Stedman Street/ Williams Street
E/W: Harvard Street
City, State: Brookline, MA
Client: Stantec/ R. Bryant

Groups Printed- Cars - Heavy Vehicles
Stedman Street

From North
Harvard Street

From East
Williams Street

From South
Harvard Street

From West
Start Time Right Thru Left U-Turn Right Thru Left U-Turn Right Thru Left U-Turn Right Thru Left U-Turn Int. Total

04:00 PM 5 5 16 0 0 95 27 1 0 0 0 0 8 94 0 0 251
04:15 PM 4 6 5 0 0 118 21 0 0 0 0 0 9 121 0 0 284
04:30 PM 4 4 4 0 0 118 24 0 0 0 0 0 10 115 0 0 279
04:45 PM 2 3 6 0 0 107 26 1 0 0 0 0 8 113 0 0 266

Total 15 18 31 0 0 438 98 2 0 0 0 0 35 443 0 0 1080

05:00 PM 9 7 5 0 0 118 18 0 0 0 0 0 2 113 0 0 272
05:15 PM 7 8 4 0 0 119 24 0 0 0 0 0 9 120 0 0 291
05:30 PM 10 8 5 0 0 121 27 0 0 0 0 0 4 130 0 0 305
05:45 PM 4 7 2 0 0 137 30 0 0 0 0 0 12 122 0 0 314

Total 30 30 16 0 0 495 99 0 0 0 0 0 27 485 0 0 1182

Grand Total 45 48 47 0 0 933 197 2 0 0 0 0 62 928 0 0 2262
Apprch % 32.1 34.3 33.6 0 0 82.4 17.4 0.2 0 0 0 0 6.3 93.7 0 0  

Total % 2 2.1 2.1 0 0 41.2 8.7 0.1 0 0 0 0 2.7 41 0 0
Cars 45 48 47 0 0 895 194 2 0 0 0 0 62 897 0 0 2190

% Cars 100 100 100 0 0 95.9 98.5 100 0 0 0 0 100 96.7 0 0 96.8
Heavy Vehicles 0 0 0 0 0 38 3 0 0 0 0 0 0 31 0 0 72
% Heavy Vehicles 0 0 0 0 0 4.1 1.5 0 0 0 0 0 0 3.3 0 0 3.2

Stedman Street
From North

Harvard Street
From East

Williams Street
From South

Harvard Street
From West

Start Time Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Int. Total
Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 9 7 5 0 21 0 118 18 0 136 0 0 0 0 0 2 113 0 0 115 272
05:15 PM 7 8 4 0 19 0 119 24 0 143 0 0 0 0 0 9 120 0 0 129 291
05:30 PM 10 23 0 121 27 0 148 0 0 0 0 0 4 130 134
05:45 PM 4 7 2 0 13 0 137 30 0 167 0 0 0 0 0 12 122 0 0 134 314

Total Volume 30 30 16 0 76 0 495 99 0 594 0 0 0 0 0 27 485 0 0 512 1182
% App. Total 39.5 39.5 21.1 0  0 83.3 16.7 0  0 0 0 0  5.3 94.7 0 0   

PHF .750 .938 .800 .000 .826 .000 .903 .825 .000 .889 .000 .000 .000 .000 .000 .563 .933 .000 .000 .955 .941
Cars 30 30 16 0 76 0 476 98 0 574 0 0 0 0 0 27 473 0 0 500 1150

% Cars 100 100 100 0 100 0 96.2 99.0 0 96.6 0 0 0 0 0 100 97.5 0 0 97.7 97.3
Heavy Vehicles 0 0 0 0 0 0 19 1 0 20 0 0 0 0 0 0 12 0 0 12 32

% Heavy Vehicles 0 0 0 0 0 0 3.8 1.0 0 3.4 0 0 0 0 0 0 2.5 0 0 2.3 2.7

PRECISION
D A T A
INDUSTRIES, LLC

46 Morton Street, Framingham, MA 01752
Office: 508.875.0100   Fax: 508-875-0118

Email: datarequests@pdillc.com



File Name : 165044 A
Site Code : TBA
Start Date : 4/12/2016
Page No : 1

N/S: Stedman Street/ Williams Street
E/W: Harvard Street
City, State: Brookline, MA
Client: Stantec/ R. Bryant

Groups Printed- Cars
Stedman Street

From North
Harvard Street

From East
Williams Street

From South
Harvard Street

From West
Start Time Right Thru Left U-Turn Right Thru Left U-Turn Right Thru Left U-Turn Right Thru Left U-Turn Int. Total

04:00 PM 5 5 16 0 0 90 27 1 0 0 0 0 8 92 0 0 244
04:15 PM 4 6 5 0 0 114 19 0 0 0 0 0 9 118 0 0 275
04:30 PM 4 4 4 0 0 110 24 0 0 0 0 0 10 107 0 0 263
04:45 PM 2 3 6 0 0 105 26 1 0 0 0 0 8 107 0 0 258

Total 15 18 31 0 0 419 96 2 0 0 0 0 35 424 0 0 1040

05:00 PM 9 7 5 0 0 111 18 0 0 0 0 0 2 111 0 0 263
05:15 PM 7 8 4 0 0 113 24 0 0 0 0 0 9 116 0 0 281
05:30 PM 10 8 5 0 0 118 27 0 0 0 0 0 4 128 0 0 300
05:45 PM 4 7 2 0 0 134 29 0 0 0 0 0 12 118 0 0 306

Total 30 30 16 0 0 476 98 0 0 0 0 0 27 473 0 0 1150

Grand Total 45 48 47 0 0 895 194 2 0 0 0 0 62 897 0 0 2190
Apprch % 32.1 34.3 33.6 0 0 82 17.8 0.2 0 0 0 0 6.5 93.5 0 0  

Total % 2.1 2.2 2.1 0 0 40.9 8.9 0.1 0 0 0 0 2.8 41 0 0

Stedman Street
From North

Harvard Street
From East

Williams Street
From South

Harvard Street
From West

Start Time Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Int. Total
Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 9 7 5 0 21 0 111 18 0 129 0 0 0 0 0 2 111 0 0 113 263
05:15 PM 7 8 4 0 19 0 113 24 0 137 0 0 0 0 0 9 116 0 0 125 281
05:30 PM 10 23 0 118 27 0 145 0 0 0 0 0 4 128 132
05:45 PM 4 7 2 0 13 0 134 29 0 163 0 0 0 0 0 12 118 0 0 130 306

Total Volume 30 30 16 0 76 0 476 98 0 574 0 0 0 0 0 27 473 0 0 500 1150
% App. Total 39.5 39.5 21.1 0  0 82.9 17.1 0  0 0 0 0  5.4 94.6 0 0   

PHF .750 .938 .800 .000 .826 .000 .888 .845 .000 .880 .000 .000 .000 .000 .000 .563 .924 .000 .000 .947 .940
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File Name : 165044 A
Site Code : TBA
Start Date : 4/12/2016
Page No : 1

N/S: Stedman Street/ Williams Street
E/W: Harvard Street
City, State: Brookline, MA
Client: Stantec/ R. Bryant

Groups Printed- Heavy Vehicles
Stedman Street

From North
Harvard Street

From East
Williams Street

From South
Harvard Street

From West
Start Time Right Thru Left U-Turn Right Thru Left U-Turn Right Thru Left U-Turn Right Thru Left U-Turn Int. Total

04:00 PM 0 0 0 0 0 5 0 0 0 0 0 0 0 2 0 0 7
04:15 PM 0 0 0 0 0 4 2 0 0 0 0 0 0 3 0 0 9
04:30 PM 0 0 0 0 0 8 0 0 0 0 0 0 0 8 0 0 16
04:45 PM 0 0 0 0 0 2 0 0 0 0 0 0 0 6 0 0 8

Total 0 0 0 0 0 19 2 0 0 0 0 0 0 19 0 0 40

05:00 PM 0 0 0 0 0 7 0 0 0 0 0 0 0 2 0 0 9
05:15 PM 0 0 0 0 0 6 0 0 0 0 0 0 0 4 0 0 10
05:30 PM 0 0 0 0 0 3 0 0 0 0 0 0 0 2 0 0 5
05:45 PM 0 0 0 0 0 3 1 0 0 0 0 0 0 4 0 0 8

Total 0 0 0 0 0 19 1 0 0 0 0 0 0 12 0 0 32

Grand Total 0 0 0 0 0 38 3 0 0 0 0 0 0 31 0 0 72
Apprch % 0 0 0 0 0 92.7 7.3 0 0 0 0 0 0 100 0 0  

Total % 0 0 0 0 0 52.8 4.2 0 0 0 0 0 0 43.1 0 0

Stedman Street
From North

Harvard Street
From East

Williams Street
From South

Harvard Street
From West

Start Time Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Int. Total
Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 04:30 PM
04:30 PM 0 0 0 0 0 0 8 0 0 8 0 0 0 0 0 0 8 0 0 8 16
04:45 PM 0 0 0 0 0 0 2 0 0 2 0 0 0 0 0 0 6 0 0 6 8
05:00 PM 0 0 0 0 0 0 7 0 0 7 0 0 0 0 0 0 2 0 0 2 9
05:15 PM 0 0 0 0 0 0 6 0 0 6 0 0 0 0 0 0 4 0 0 4 10

Total Volume 0 0 0 0 0 0 23 0 0 23 0 0 0 0 0 0 20 0 0 20 43
% App. Total 0 0 0 0  0 100 0 0  0 0 0 0  0 100 0 0   

PHF .000 .000 .000 .000 .000 .000 .719 .000 .000 .719 .000 .000 .000 .000 .000 .000 .625 .000 .000 .625 .672

PRECISION
D A T A
INDUSTRIES, LLC

46 Morton Street, Framingham, MA 01752
Office: 508.875.0100   Fax: 508-875-0118

Email: datarequests@pdillc.com



File Name : 165044 A
Site Code : TBA
Start Date : 4/12/2016
Page No : 1

N/S: Stedman Street/ Williams Street
E/W: Harvard Street
City, State: Brookline, MA
Client: Stantec/ R. Bryant

Groups Printed- Peds and Bicycles
Stedman Street

From North
Harvard Street

From East
Williams Street

From South
Harvard Street

From West

Start 
Time

Right Thru Left Peds EB Peds WB Right Thru Left Peds SB Peds NB Right Thru Left Peds WB Peds EB Right Thru Left Peds NB Peds SB Int. Total

04:00 PM 0 0 0 11 14 5 0 0 2 4 0 0 0 10 10 0 0 0 0 1 57
04:15 PM 0 0 0 22 19 5 1 0 7 6 0 0 0 16 13 0 3 0 0 0 92
04:30 PM 0 0 0 8 28 2 1 0 10 3 0 0 0 11 12 0 3 0 0 0 78
04:45 PM 0 0 0 21 28 4 0 0 8 8 0 0 0 21 12 0 2 0 0 2 106

Total 0 0 0 62 89 16 2 0 27 21 0 0 0 58 47 0 8 0 0 3 333

05:00 PM 0 0 0 16 41 6 0 0 10 3 0 0 0 14 11 0 5 0 0 0 106
05:15 PM 0 0 0 23 40 12 1 0 3 6 0 0 0 16 19 0 4 0 0 0 124
05:30 PM 0 0 1 13 54 10 0 0 15 0 0 0 0 18 20 0 6 0 0 0 137
05:45 PM 0 0 0 14 59 11 1 0 11 4 0 0 0 23 16 0 14 0 0 0 153

Total 0 0 1 66 194 39 2 0 39 13 0 0 0 71 66 0 29 0 0 0 520

Grand Total 0 0 1 128 283 55 4 0 66 34 0 0 0 129 113 0 37 0 0 3 853
Apprch % 0 0 0.2 31.1 68.7 34.6 2.5 0 41.5 21.4 0 0 0 53.3 46.7 0 92.5 0 0 7.5  

Total % 0 0 0.1 15 33.2 6.4 0.5 0 7.7 4 0 0 0 15.1 13.2 0 4.3 0 0 0.4

Stedman Street
From North

Harvard Street
From East

Williams Street
From South

Harvard Street
From West

Start Time Right Thru Left Peds 

EB

Peds 

WB
App. Total Right Thru Left Peds 

SB

Peds 

NB
App. Total Right Thru Left Peds 

WB

Peds 

EB
App. Total Right Thru Left Peds 

NB

Peds 

SB
App. Total Int. Total

Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 0 0 0 16 41 57 6 0 0 10 3 19 0 0 0 14 11 25 0 5 0 0 0 5 106
05:15 PM 0 0 0 23 40 63 12 1 0 3 6 22 0 0 0 16 19 35 0 4 0 0 0 4 124
05:30 PM 0 0 1 13 54 68 10 0 0 15 0 25 0 0 0 18 20 38 0 6 0 0 0 6 137
05:45 PM 0 0 0 14 59 73 11 1 0 11 4 27 0 0 0 23 16 39 0 14 0 0 0 14 153
Total Volume 0 0 1 66 194 261 39 2 0 39 13 93 0 0 0 71 66 137 0 29 0 0 0 29 520
% App. Total 0 0 0.4 25.3 74.3  41.9 2.2 0 41.9 14  0 0 0 51.8 48.2  0 100 0 0 0   

PHF .000 .000 .250 .717 .822 .894 .813 .500 .000 .650 .542 .861 .000 .000 .000 .772 .825 .878 .000 .518 .000 .000 .000 .518 .850

PRECISION
D A T A
INDUSTRIES, LLC

46 Morton Street, Framingham, MA 01752
Office: 508.875.0100   Fax: 508-875-0118

Email: datarequests@pdillc.com



File Name : 165044 A
Site Code : TBA
Start Date : 4/12/2016
Page No : 1

N/S: Stedman Street/ Williams Street
E/W: Harvard Street
City, State: Brookline, MA
Client: Stantec/ R. Bryant

Stedman Street
From North

Harvard Street
From East

Williams Street
From South

Harvard Street
From West

Start Time Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Right Thru Left U-Turn App. Total Int. Total
Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 9 7 5 0 21 0 118 18 0 136 0 0 0 0 0 2 113 0 0 115 272
05:15 PM 7 8 4 0 19 0 119 24 0 143 0 0 0 0 0 9 120 0 0 129 291
05:30 PM 10 23 0 121 27 0 148 0 0 0 0 0 4 130 134
05:45 PM 4 7 2 0 13 0 137 30 0 167 0 0 0 0 0 12 122 0 0 134 314

Total Volume 30 30 16 0 76 0 495 99 0 594 0 0 0 0 0 27 485 0 0 512 1182
% App. Total 39.5 39.5 21.1 0  0 83.3 16.7 0  0 0 0 0  5.3 94.7 0 0   

PHF .750 .938 .800 .000 .826 .000 .903 .825 .000 .889 .000 .000 .000 .000 .000 .563 .933 .000 .000 .955 .941
Cars 30 30 16 0 76 0 476 98 0 574 0 0 0 0 0 27 473 0 0 500 1150

% Cars 100 100 100 0 100 0 96.2 99.0 0 96.6 0 0 0 0 0 100 97.5 0 0 97.7 97.3
Heavy Vehicles 0 0 0 0 0 0 19 1 0 20 0 0 0 0 0 0 12 0 0 12 32

% Heavy Vehicles 0 0 0 0 0 0 3.8 1.0 0 3.4 0 0 0 0 0 0 2.5 0 0 2.3 2.7
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HCM Signalized Intersection Capacity Analysis Existing Conditions

3: Williams Street/Stedman Street & Harvard St AM Peak Hour

C:\Users\saswood\Desktop\ex-am.syn Synchro 9 Report
SLW Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 0 350 30 70 425 0 0 0 0 30 25 55
Future Volume (vph) 0 350 30 70 425 0 0 0 0 30 25 55
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 12 15 12 12 15 12 12 12 12 12 12 12
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.90
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1721 1736 1758 1579 1491
Flt Permitted 1.00 0.33 1.00 0.95 1.00
Satd. Flow (perm) 1721 595 1758 1579 1491
Peak-hour factor, PHF 0.95 0.95 0.95 0.97 0.97 0.97 0.92 0.92 0.92 0.66 0.66 0.66
Adj. Flow (vph) 0 368 32 72 438 0 0 0 0 45 38 83
RTOR Reduction (vph) 0 4 0 0 0 0 0 0 0 0 77 0
Lane Group Flow (vph) 0 396 0 72 438 0 0 0 0 45 44 0
Confl. Bikes (#/hr) 10 10
Heavy Vehicles (%) 0% 5% 3% 4% 4% 0% 0% 0% 0% 0% 0% 0%
Parking  (#/hr) 5 5 5 5 5 5
Turn Type NA pm+pt NA Split NA
Protected Phases 2 1 6 4 4
Permitted Phases 6
Actuated Green, G (s) 23.6 31.0 31.0 4.5 4.5
Effective Green, g (s) 23.6 31.0 31.0 4.5 4.5
Actuated g/C Ratio 0.39 0.51 0.51 0.07 0.07
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 672 369 902 117 111
v/s Ratio Prot c0.23 0.01 c0.25 0.03 c0.03
v/s Ratio Perm 0.09
v/c Ratio 0.59 0.20 0.49 0.38 0.40
Uniform Delay, d1 14.6 8.5 9.5 26.6 26.7
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.3 0.3 1.9 2.1 2.3
Delay (s) 15.9 8.7 11.4 28.7 29.0
Level of Service B A B C C
Approach Delay (s) 15.9 11.0 0.0 28.9
Approach LOS B B A C

Intersection Summary
HCM 2000 Control Delay 15.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 60.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 40.2% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues Existing Conditions

3: Williams Street/Stedman Street & Harvard St AM Peak Hour

C:\Users\saswood\Desktop\ex-am.syn Synchro 9 Report
SLW Page 1

Lane Group EBT WBL WBT SBL SBT
Lane Group Flow (vph) 400 72 438 45 121
v/c Ratio 0.53 0.17 0.47 0.27 0.52
Control Delay 25.2 11.8 14.9 29.4 20.3
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 25.2 11.8 14.9 29.4 20.3
Queue Length 50th (ft) 138 15 118 15 13
Queue Length 95th (ft) #292 36 200 30 32
Internal Link Dist (ft) 1 180 129
Turn Bay Length (ft) 125
Base Capacity (vph) 749 429 937 169 233
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.53 0.17 0.47 0.27 0.52

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis Existing Conditions

3: Williams Street/Stedman Street & Harvard St PM Peak Hour

C:\Users\saswood\Desktop\ex-pm.syn Synchro 9 Report
SLW Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 0 485 25 100 495 0 0 0 0 15 30 30
Future Volume (vph) 0 485 25 100 495 0 0 0 0 15 30 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 12 15 12 12 15 12 12 12 12 12 12 12
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.92
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1761 1752 1775 1579 1538
Flt Permitted 1.00 0.22 1.00 0.95 1.00
Satd. Flow (perm) 1761 403 1775 1579 1538
Peak-hour factor, PHF 0.88 0.88 0.88 0.90 0.90 0.90 0.92 0.92 0.92 0.63 0.63 0.63
Adj. Flow (vph) 0 551 28 111 550 0 0 0 0 24 48 48
RTOR Reduction (vph) 0 2 0 0 0 0 0 0 0 0 45 0
Lane Group Flow (vph) 0 577 0 111 550 0 0 0 0 24 51 0
Confl. Bikes (#/hr) 10 10
Heavy Vehicles (%) 0% 3% 4% 3% 3% 0% 0% 0% 0% 0% 0% 0%
Parking  (#/hr) 5 5 5 5 5 5
Turn Type NA pm+pt NA Split NA
Protected Phases 2 1 6 4 4
Permitted Phases 6
Actuated Green, G (s) 31.5 40.1 40.1 4.6 4.6
Effective Green, g (s) 31.5 40.1 40.1 4.6 4.6
Actuated g/C Ratio 0.45 0.58 0.58 0.07 0.07
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 795 320 1021 104 101
v/s Ratio Prot c0.33 0.02 c0.31 0.02 c0.03
v/s Ratio Perm 0.18
v/c Ratio 0.73 0.35 0.54 0.23 0.51
Uniform Delay, d1 15.6 9.4 9.1 30.9 31.5
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.3 0.7 2.0 1.1 4.0
Delay (s) 18.9 10.1 11.1 32.0 35.4
Level of Service B B B C D
Approach Delay (s) 18.9 11.0 0.0 34.7
Approach LOS B B A C

Intersection Summary
HCM 2000 Control Delay 16.4 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.53
Actuated Cycle Length (s) 69.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 47.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Queues Existing Conditions

3: Williams Street/Stedman Street & Harvard St PM Peak Hour

C:\Users\saswood\Desktop\ex-pm.syn Synchro 9 Report
SLW Page 1

Lane Group EBT WBL WBT SBL SBT
Lane Group Flow (vph) 579 111 550 24 96
v/c Ratio 0.68 0.31 0.52 0.17 0.52
Control Delay 26.1 11.8 13.9 32.7 29.7
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 26.1 11.8 13.9 32.7 29.7
Queue Length 50th (ft) 232 24 161 10 20
Queue Length 95th (ft) #409 49 258 22 37
Internal Link Dist (ft) 1 180 129
Turn Bay Length (ft) 125
Base Capacity (vph) 857 358 1065 143 183
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.68 0.31 0.52 0.17 0.52

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.



HCM Signalized Intersection Capacity Analysis Build Conditions

3: Williams Street/Stedman Street & Harvard St AM Peak Hour

C:\Users\saswood\Desktop\Random Work\JCHE-Brookline\bld-am.syn Synchro 9 Report
SLW Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 0 354 32 72 425 0 0 0 0 30 25 55
Future Volume (vph) 0 354 32 72 425 0 0 0 0 30 25 55
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 12 15 12 12 15 12 12 12 12 12 12 12
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.90
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1721 1736 1758 1579 1491
Flt Permitted 1.00 0.32 1.00 0.95 1.00
Satd. Flow (perm) 1721 583 1758 1579 1491
Peak-hour factor, PHF 0.95 0.95 0.95 0.97 0.97 0.97 0.92 0.92 0.92 0.66 0.66 0.66
Adj. Flow (vph) 0 373 34 74 438 0 0 0 0 45 38 83
RTOR Reduction (vph) 0 4 0 0 0 0 0 0 0 0 77 0
Lane Group Flow (vph) 0 403 0 74 438 0 0 0 0 45 44 0
Confl. Bikes (#/hr) 10 10
Heavy Vehicles (%) 0% 5% 3% 4% 4% 0% 0% 0% 0% 0% 0% 0%
Parking  (#/hr) 5 5 5 5 5 5
Turn Type NA pm+pt NA Split NA
Protected Phases 2 1 6 4 4
Permitted Phases 6
Actuated Green, G (s) 23.6 31.0 31.0 4.5 4.5
Effective Green, g (s) 23.6 31.0 31.0 4.5 4.5
Actuated g/C Ratio 0.39 0.51 0.51 0.07 0.07
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 672 364 902 117 111
v/s Ratio Prot c0.23 0.01 c0.25 0.03 c0.03
v/s Ratio Perm 0.09
v/c Ratio 0.60 0.20 0.49 0.38 0.40
Uniform Delay, d1 14.6 8.5 9.5 26.6 26.7
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 1.4 0.3 1.9 2.1 2.3
Delay (s) 16.1 8.8 11.4 28.7 29.0
Level of Service B A B C C
Approach Delay (s) 16.1 11.0 0.0 28.9
Approach LOS B B A C

Intersection Summary
HCM 2000 Control Delay 15.7 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.41
Actuated Cycle Length (s) 60.4 Sum of lost time (s) 16.0
Intersection Capacity Utilization 40.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT WBL WBT SBL SBT
Lane Group Flow (vph) 407 74 438 45 121
v/c Ratio 0.54 0.17 0.47 0.27 0.52
Control Delay 25.6 11.8 14.9 29.4 20.3
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 25.6 11.8 14.9 29.4 20.3
Queue Length 50th (ft) 142 16 118 15 13
Queue Length 95th (ft) #298 37 200 30 32
Internal Link Dist (ft) 1 180 129
Turn Bay Length (ft) 90
Base Capacity (vph) 749 424 937 169 233
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.54 0.17 0.47 0.27 0.52

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Traffic Volume (vph) 0 489 29 104 495 0 0 0 0 15 30 30
Future Volume (vph) 0 489 29 104 495 0 0 0 0 15 30 30
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900 1900
Lane Width 12 15 12 12 15 12 12 12 12 12 12 12
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00
Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00
Frt 0.99 1.00 1.00 1.00 0.93
Flt Protected 1.00 0.95 1.00 0.95 1.00
Satd. Flow (prot) 1758 1752 1775 1579 1538
Flt Permitted 1.00 0.21 1.00 0.95 1.00
Satd. Flow (perm) 1758 389 1775 1579 1538
Peak-hour factor, PHF 0.88 0.88 0.88 0.90 0.90 0.90 0.92 0.92 0.92 0.63 0.63 0.63
Adj. Flow (vph) 0 556 33 116 550 0 0 0 0 24 48 48
RTOR Reduction (vph) 0 3 0 0 0 0 0 0 0 0 45 0
Lane Group Flow (vph) 0 586 0 116 550 0 0 0 0 24 51 0
Confl. Bikes (#/hr) 10 10
Heavy Vehicles (%) 0% 3% 4% 3% 3% 0% 0% 0% 0% 0% 0% 0%
Parking  (#/hr) 5 5 5 5 5 5
Turn Type NA pm+pt NA Split NA
Protected Phases 2 1 6 4 4
Permitted Phases 6
Actuated Green, G (s) 31.5 40.1 40.1 4.6 4.6
Effective Green, g (s) 31.5 40.1 40.1 4.6 4.6
Actuated g/C Ratio 0.45 0.58 0.58 0.07 0.07
Clearance Time (s) 4.0 4.0 4.0 4.0 4.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 794 313 1021 104 101
v/s Ratio Prot c0.33 0.02 c0.31 0.02 c0.03
v/s Ratio Perm 0.19
v/c Ratio 0.74 0.37 0.54 0.23 0.51
Uniform Delay, d1 15.7 9.6 9.1 30.9 31.5
Progression Factor 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 3.6 0.7 2.0 1.1 4.0
Delay (s) 19.3 10.4 11.1 32.0 35.4
Level of Service B B B C D
Approach Delay (s) 19.3 11.0 0.0 34.7
Approach LOS B B A C

Intersection Summary
HCM 2000 Control Delay 16.6 HCM 2000 Level of Service B
HCM 2000 Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 69.7 Sum of lost time (s) 16.0
Intersection Capacity Utilization 48.3% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group
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Lane Group EBT WBL WBT SBL SBT
Lane Group Flow (vph) 589 116 550 24 96
v/c Ratio 0.69 0.33 0.52 0.17 0.52
Control Delay 26.7 12.1 13.9 32.7 29.7
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Delay 26.7 12.1 13.9 32.7 29.7
Queue Length 50th (ft) 238 25 161 10 20
Queue Length 95th (ft) #419 50 258 22 37
Internal Link Dist (ft) 1 180 129
Turn Bay Length (ft) 90
Base Capacity (vph) 855 351 1065 143 183
Starvation Cap Reductn 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0
Reduced v/c Ratio 0.69 0.33 0.52 0.17 0.52

Intersection Summary
#    95th percentile volume exceeds capacity, queue may be longer.
     Queue shown is maximum after two cycles.
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I. Executive Summary 

Project Description 

Jewish Community Housing for the Elderly (JCHE) is proposing a redevelopment of a portion of 
the Congregation Kehillath Israel property at 384 Harvard Street in Brookline, MA to construct a 
new building.  The 384 Harvard Street project consists of 62 units of affordable rental housing units 
for seniors in the heart of Brookline’s Coolidge Corner neighborhood. The new 6-story building will 
be located on the former Epstein Auditorium site. The project will serve households at a range of 
incomes including extremely low-income units at 30% AMI, low-income units at 60% AMI, 
moderate income units between 60% and 100% AMI, as well as middle-income units between 
100% and 120% of AMI. The building’s ground floor includes residential program and community 
space, an indoor connection to the neighboring Congregation Kehillath Israel (“KI”), and 
community-oriented retail space that will be available to the public. The project will provide 
ample green space with a landscaped set-back on Williams Street and a pocket park on 
Harvard Street. 

Site Characteristics 

The existing site has no treatment features.  The existing stormwater systems consist of catch 
basins, trench drains, roof drains, manholes, and area drains.  All of the site’s stormwater runoff is 
directed towards the northeastern portion of the site, and into the Town’s closed drainage 
system along Harvard Street and Williams Street.   

Stormwater Management 

The proposed project includes the addition of stormwater mitigation and treatment features to 
the existing site.  In the proposed condition, stormwater runoff from the entire site, except for the 
pocket park on Harvard Street, will be collected in drainage structures and directed to the new 
underground infiltration system and/or bioswale.  In addition, the first floor roof over the retail 
space of the building is designed as a green roof. 

The proposed redevelopment project will result in a slight increase in impervious area 
(approximately 204 sf) due to the extension of the building to the sidewalk.  This increase is offset 
by the addition of two bump out areas (approximately 312 sf) along Harvard Street in front of 
the building, which are designed as raingardens.  In addition, a portion of the proposed 
hardscape areas at the pocket park, the courtyard between the two buildings and green space 
area on Williams Street will be constructed with porous pavers.  The project has been designed 
to incorporate a subsurface infiltration system to recharge runoff and decrease the rate of runoff 
from the site in the post-development condition.  The project will also incorporate best 
management practices (BMPs) that will promote pretreatment, stormwater recharge and Total 
Suspend Solids (TSS) removal.  The project has been designed to meet all the requirements of the 
Massachusetts Stormwater Management Standards and Town of Brookline requirements. 
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Figure 1 – USGS Topographic Map 
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II. Project Type 

JCHE is proposing a redevelopment project at their property at 384 Harvard Street.  The project 
consists of 62 units of affordable rental housing units for seniors in the heart of Brookline’s 
Coolidge Corner neighborhood. The new 6-story building will be located on the former Epstein 
Auditorium site.  The project will result in a slight increase in impervious area due to the extension 
of the building to the sidewalk, and meets all the DEP’s Stormwater Standards and Town of 
Brookline requirements. 

  



JCHE at CONGREGATION KEHILLATH ISRAEL – PROPOSED REDEVELOPMENT 
 

tt v:\2108\active\210801416\design\report\stormwater report\jche ki brookline_stormwater report_2016-10-17.docx 6 

This page is intentionally left blank for double sided printing   



JCHE at CONGREGATION KEHILLATH ISRAEL – PROPOSED REDEVELOPMENT 
 

tt v:\2108\active\210801416\design\report\stormwater report\jche ki brookline_stormwater report_2016-10-17.docx 7 

III. LID Measures 

Key features of Low Impact Development (LID) stormwater management systems include 
implementing practices to maintain a site’s existing hydrology. This is achieved using 
decentralized practices to manage stormwater close to the source of generation and 
maximizing onsite infiltration which reduces runoff.  The project will implement low-impact 
development methods and strategies for treating and mitigating stormwater runoff.  

The following LID techniques are Best Management Practices according to MassDEP and are 
included as part of the proposed project: 

• There will be no disturbance to any wetland resources.  

• Subsurface infiltration basin. 

• Bioswale. 

• Green roof. 

• Stormceptor water quality unit. 
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1.0 Standard 1: No New Untreated Discharges 

Stormwater Management Standard 1 states: 

 “No new stormwater conveyances (e.g. outfalls) may discharge untreated stormwater 
directly to or cause erosion in wetlands or waters of the Commonwealth.” 

The project does not have direct discharge of stormwater to waters or wetlands.  Standard 1 is 
therefore met. 
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2.0 Standard 2: Peak Rate Attenuation 

Stormwater Management Standard 2 states: 

“Stormwater management systems shall be designed so that post-development peak 
discharge rates do not exceed pre-development peak discharge rates.” 

2.1 SUMMARY 

Per the requirement of the Massachusetts Stormwater Handbook, Standard 2, the pre-
development (existing condition) and post-development (proposed condition) peak discharge 
rates for the 2-, 10-, 25- and 100-year storm events were evaluated. The peak discharge rates 
were calculated at one (1) discharge/design point, which represents the Harvard Street/Williams 
Street existing closed drainage system.  Below are the results from the analysis.  

Table 2.1 –Peak Discharge Rates 

Discharge 
Point 

2-Year Storm 10-Year Storm 25-Year Storm 
Pre–Dev. 

Peak 
Discharge 
Rate(cfs) 

Post–Dev. 
Peak 

Discharge 
Rate(cfs) 

Pre–Dev. 
Peak 

Discharge 
Rate(cfs) 

Post–Dev. 
Peak 

Discharge 
Rate(cfs) 

Pre–Dev. 
Peak 

Discharge 
Rate(cfs) 

Post–Dev. 
Peak 

Discharge 
Rate(cfs) 

DP-1 
(Boylston 

Drain) 
1.15 0.08 1.82 0.13 2.25 0.16 

 

Discharge 
Point 

100-Year Storm 
Pre–Dev. 

Peak 
Discharge 
Rate(cfs) 

Post–Dev. 
Peak 

Discharge 
Rate(cfs) 

DP-1 
(Boylston 

Drain) 
2.76 0.20 

The post-development peak discharge rates do not exceed pre-development peak discharge 
rates at the analyzed design point.  Therefore, Stormwater Management Standard 2 is met.  All 
runoff collected at the site will be retained and infiltrated up to the 100-year storm event, with 
the exception of the 1,433 square foot pocket park area at the northwestern portion of the site, 
which cannot be directed to the proposed subsurface infiltration system or bioswale.   

Piping on-site has been analyzed and designed to handle at least the 25-year storm event.  Pipe 
design calculations are provided in Appendix E of this report. 

The following section describes the pre- and post-development conditions and outlines the 
procedure for determining the peak discharge rates. 
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2.2 ANALYSIS 

2.2.1 Soil Conditions 

The Natural Resources Conservation Service (NRCS) was analyzed to determine the soils within 
and adjacent to the project site (see Appendix B of this report), but no data was available near 
the project site.  Table 2.2 summarizes the NRCS hydrologic soil group classifications. 

Table 2.2 –NRCS Soil Classification 
Map Unit 
Symbol Map Unit Name Description Hydrologic 

Soil Group 

602 Urban Land 0-15 percent 
slopes NR/NA 

Supporting documentation can be found in Appendix B.  According to the NRCS soil maps, 
there are Hydrologic Group A soils to the north of the site and Hydrologic Group B soils to the 
south of the site.  In order to determine the soil group for the project site, the geotechnical report 
prepared for the adjacent Congregation Kehillath Israel addition project on the western portion 
of the project site was analyzed.  Given its proximity to the project site, it is a reasonable 
assumption that the soil information and findings in this report can be applied to the proposed 
project.  These assumptions will be field verified during construction, and any adjustments that 
may be required will be made at that time. 

Subsurface explorations were performed by McPhail Associates, LLC in September 2015 and the 
results are documented in the “Foundation Engineering Report – Proposed Addition to the 
Congregation Kehillath Israel in Brookline, Massachusetts”, dated September 28, 2015.  This 
report has been included in Appendix B.  The geotechnical evaluation included borings, test pits 
and laboratory investigations to determine locations and elevations of bedrock and 
groundwater and the hydrologic soils groups around the site.  Based on the geotechnical report, 
ledge was observed at two of the borings at a depth of approximately 11-ft to 15.5-ft below the 
existing ground surface.  Groundwater was not encountered in either the groundwater 
monitoring well or any of the borings. 

Design assumptions related to soils on site, and utilized in the design of the stormwater 
management system, are summarized below: 

Hydrologic Soil Group and Soil Infiltration Rates 

The assumption for the hydrologic soil group was based on a combination of information from 
the NRCS soil maps and from the geotechnical report.  As previously mentioned, the NRCS soil 
maps show both hydrologic group A and hydrologic group B soils in nearby areas.  Permeability 
tests were performed in Boring B-4 and B-5.  Boring B-4 had a permeability of 3.2 ft/day, or 
approximately 1.6 in/hr, which lies between a hydrologic group A and B soil according to the 
Massachusetts Stormwater Handbook Rawls Rates.  Boring B-5 had a permeability of 8.5 ft/day, 
or approximately 4.3 in/hr, which would fall within a hydrologic group A soil.  The borings indicate 
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the presence of a dense sand and gravel with some cobbles, which would qualify the soils as 
group A or B. 

Since neither the NRCS soil maps nor soil testing can definitively determine the hydrologic soil 
group, the more conservative value has been applied for each calculation.  For infiltration, the 
lesser of the two field measured infiltration rates was applied (1.6 in/hr) for a conservative value.  
For required recharge, it was assumed that the soils were hydrologic group A and that the total 
recharge requirement was 0.6 inches over the increase in impervious area.   

Seasonal High Groundwater 

Indication of seasonal high groundwater was not found in the field during the borings and soil 
testing.  For the purposes of this analysis, it is assumed that the existing groundwater elevation is 
below the depths of the borings.  Therefore, the separation from the bottom of the proposed 
subsurface system to the seasonal high groundwater elevation is greater than 4-ft, and no 
mounding analysis is required. 

2.2.2 Discharge Points 

The project site was divided into one (1) subcatchment area for the pre-development condition, 
and nine (9) subcatchment areas for the post-development conditions as shown on Figures 2 
and 3.  The peak discharge rate for the pre-and post-development conditions were analyzed for 
the following discharge/design point:  

• DP1 – Harvard Street/Williams Street Existing Closed Drainage System 

Results of the analysis are found in Table 2.1.  

2.2.3 Pre-Development Conditions 

For the existing conditions, one (1) subcatchment area was analyzed.  A summary of the 
subcatchment is summarized below: 

Subcatchment EX1 

Subcatchment EX1 includes runoff from the entire northeastern portion of the site to be 
redeveloped.  Included is the existing building, courtyard area between the two buildings, and 
the grassed areas abutting the building along Harvard Street and Williams Street.  All the runoff 
from this area reaches the existing closed drainage system along Harvard Street/Williams Street.  

Subcatchment Area Summary 

Table 2.3 summarizes the pre-development conditions drainage area and includes information  

used for the hydraulic analysis (Appendix C, Existing Conditions HydroCAD Calculations). 
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Table 2.3 – Pre-Development Conditions Drainage Area Summary 

Drainage Area Area (sf) Curve Number Time of Concentration 
(min.) 

EX-1 19,264 90 5 

2.2.4 Post-Development Conditions 

For the proposed conditions, nine (9) subcatchment areas were analyzed, and these areas are 
summarized below: 

Subcatchment PR1 

Subcatchment PR1 includes runoff from the roof of the first floor of the building.  This roof is 
designed as a green roof.  Runoff from this area is directed to the underground infiltration 
system, represented as pond P1 in the HydroCAD model, through roof drains.   

Subcatchment PR1A 

Subcatchment PR1A includes runoff from the roof of the first floor of the building near the back 
of the parking lot.  Runoff from this area is directed to the underground infiltration system, 
represented as pond P1 in the HydroCAD model, through roof drains.   

Subcatchment PR1B 

Subcatchment PR1B includes runoff from the roof of the first floor of the building near the 
courtyard.  Runoff from this area is directed to the underground infiltration system, represented 
as pond P1 in the HydroCAD model, through roof drains.   

Subcatchment PR2 

Subcatchment PR2 includes runoff from the roof of the second floor of the building.  Runoff from 
this area is directed to the underground infiltration system through roof drains. 

Subcatchment PR3 

Subcatchment PR3 includes runoff from the roof of the sixth floor of the building.  Runoff from this 
area is directed to a flow control structure, represented as pond P2 in the HydroCAD model, via 
a roof drain.  Low flow runoff volumes from this area are directed through an orifice to the 
bioswale adjacent to the building along Williams Street, with higher runoff volumes directed via 
to the underground infiltration system. 

Subcatchment PR4 

Subcatchment PR4 includes runoff from the courtyard area between the two buildings.  The 
runoff is collected in area drainas and directed to the underground infiltration system. 
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Subcatchment PR5 

Subcatchment PR5 includes runoff from the pocket park on Harvard Street.  The runoff is 
collected in a trench drain and directed to the existing closed drainage system on Harvard 
Street. 

Subcatchment PR6 

Subcatchment PR6 includes runoff from the green space area along Williams Street.  The runoff 
will infiltrate in the bioswale, represented as pond P3 in the HydroCAD model.  The bioswale has 
been designed so that any potential overflow would flow back to the underground infiltration 
system. Curbing at the end of the bioswale has been designed as a secondary overflow that 
would allow sheet flow towards Harvard Street/Williams Street. 

Subcatchment PR7 

Subcatchment PR7 includes runoff in between the two buildings in front of the loading dock.  
The runoff is collected in a trench drain and directed to a Stormceptor unit prior to being 
directed to the underground infiltration system. 

Table 2.4– Post-Development Conditions Drainage Area Summary 

Drainage Area Area (sf) Curve Number Time of Concentration 
(min.) 

PR1 2,143 61 5 
PR1A 396 98 5 
PR1B 416 98 5 
PR2 2,135 98 5 
PR3 9,029 98 5 
PR4 1,951 83 5 
PR5 1,433 88 5 
PR6 1,106 74 5 
PR7 655 98 5 

2.3 METHODOLOGY AND DESIGN CRITERIA 

2.3.1 Hydrologic Modeling 

The peak discharge rates and stormwater runoff volumes were calculated using the Soil 
Conservation Service (SCS) TR-55 and TR-20 methodologies and the computer program 
HydroCAD 10.0 by HydroCAD Software Solutions, LLC. 

Pipe design flows were calculated for the 25-year storm recurrence interval using the Rational 
Method (see Appendix E, Pipe Design Calculations). 
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2.3.2 Design Storms 

The analysis was performed on the 2-, 10-, 25- and 100-year frequency rainfall events. The events 
were based on the 24-hour, type-III duration storm (See Appendix F, Massachusetts Rainfall 
Data).  

2.3.3 Time of Concentration 

A time of concentration (Tc) of 5.0 minutes was used for all hydrologic design calculations 
(HydroCAD and pipe calculations).  The majority of the site was modeled as either paved 
surfaces or roofs; therefore a minimum Tc of 5.0 minutes was used.  

2.3.4 Curve Numbers 

Although there are some grass areas within the project site, the majority of the area consists of 
paved surfaces or roof with a Curve Number of 98.  The curve numbers were based on the SCS 
TR-55 methodology and are included in the HydroCAD input and output found in Appendix C 
and Appendix D. 

2.3.5 Rainfall Depth 

Rainfall depths were acquired from Technical Paper 40, “The Rainfall Frequency Atlas of the 
United States”. Rainfall events for the 2-, 10-, 25- and 100-year storms were analyzed. 

The following rainfall depths were used in the calculations: 

Storm Event   Rainfall Depth   

2-Year    3.20 inches     
10-Year   4.60 inches     
25-Year   5.50 inches     
100-Year   6.60 inches     
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Figure 2 – Existing Watershed Plan 
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Figure 3 – Proposed Watershed Plan 
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3.0 Standard 3: Recharge 

Stormwater Management Standard 3 states: 

“The annual recharge from the post-development site shall approximate the annual 
recharge from pre-development conditions based on soil type.” 

“Infiltration BMP’s must be able to drain fully within 72 hours.” 

“There must be at least a two-foot separation between the bottom of the infiltration BMP 
and the seasonal high groundwater.” 

For the project, 

• The annual recharge from the post-development condition can approximate the annual 
recharge from the pre-development conditions based on assumed soil type. 

• Based on the assumptions described, the subsurface infiltration system can drain fully 
within 72 hours. 

• There is estimated to be greater than a four-foot of separation between the bottom of 
the subsurface infiltration system and the seasonal high groundwater. 

Stormwater Management Standard 3 is met. 

This section describes the procedures for determining compliance with Stormwater 
Management Standard 3. 

3.1 RECHARGE REQUIREMENT 

3.1.1 Summary 

The project is required to infiltrate the required recharge volume.  See Appendix G, Recharge 
Volume Calculations, and Sections 3.1.2 and 3.1.3 for supporting calculations and analysis. 

3.1.2 Determining the Recharge Requirement 

The project is required to provide recharge to groundwater.  

Underlying Soil Types 

The project site is mapped by NRCS as Urban Land, and no hydrologic soil group has been 
assigned to this soil.  However, soils adjacent to the site are in hydrologic soil groups “A” and “B”.  
In addition, as described in Section2.2.1, soil testing was performed for the adjacent building 
renovations and revealed the presence of a dense sand and gravel with some cobbles, which 
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would qualify the soils as group A or B.   For conservatively designing the infiltration systems, we 
have classified the soils as hydrologic soil group “B”. 

Per the Handbook, the required recharge volume for a Hydrologic Soil Group equals the 
recharge volume which is shown in Handbook multiplied by the total area within that NRCS 
Hydrologic Group that is impervious.  For purposes of these recharge volume calculations, the 
entire site was conservatively considered to be hydrologic soil group “A”. 

Infiltration Rates 

The project site includes a subsurface infiltration system to provide the required groundwater 
recharge. For purposes of these calculations, a conservative infiltration rate of 1.6 in/hr has been 
used.  This rate is based on soil testing as described in Section 2.2.1. 

The subsurface infiltration system was designed to provide the required recharge, assuming the 
site is comprised of hydrologic soil group “A” soils.  Currently, under the pre-development 
conditions, there is no recharge provided on-site.  Therefore, the post-development design is 
considered an improvement of pre-development conditions. 

For hydrologic soil group “A,” the required recharge volume equals 0.60 inches of runoff 
multiplied by the total impervious area at the post development condition.  This result is an initial 
required recharge volume. (Appendix G, Recharge Volume Calculations). This is summarized in 
Table 3.1 below.  

Table 3.1 – Required Recharge Volume 

Hydrologic Soil Group Impervious Area (sf) Target Depth* Volume Required (cf) 

A (entire site) 15,192 (paved) 0.60 317 
Initial Required Recharge Volume: 317

*The Target depth is from the Massachusetts Stormwater Handbook 

During post-development conditions, approximately 93 percent of the project area’s impervious 
cover is routed through the subsurface infiltration system. A capture area adjustment of 1.07 is 
required to be applied to the initial required recharge volume, and therefore, the total required 
recharge volume is 340 cf. The total recharge provided for this project is 3,975 cf. 

3.1.3 Sizing the Subsurface Infiltration System 

In order to accommodate the required recharge volume, a subsurface infiltration system is 
proposed as part of the stormwater management system.  The subsurface infiltration system was 
designed and sized using the “Static” method as described in the Massachusetts Stormwater 
Handbook, Volume 3, Chapter 1. The “Static” method was used to produce a larger storage 
volume, resulting in a conservative approach. Hydrologic modeling (HydroCAD 10.00) was used 
to determine the size of the subsurface infiltration system. See Appendix D, node P1. When 
designing the subsurface infiltration system, the following was taken into consideration: 
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The subsurface infiltration system is designed to accommodate the site’s assumed 
characteristics of the ground surface, underlying soil types, and subsurface conditions (seasonal 
high groundwater table, depth to bedrock, hydrologic conductivity rate and type of receiving 
soil layers). See Section 2.2.1.  Additionally, the subsurface infiltration system is sized to provide a 
recharge volume of 3,975 cubic feet.   

Table 3.2 summarizes the recharge provided for the project. 

Table 3.2 – Recharge Summary 
 

Subsurface Infiltration Item Recharge Volume Provided (cf) 

Subsurface Infiltration System  3,975 

Total Volume 3,975 

 

3.2 DRAWDOWN WITHIN 72 HOURS 

The required drawdown time for the proposed recharge volumes shall be less than or equal to 
72 hours.  The drawdown time is calculated by dividing the storage volume by the permeability 
rate times the bottom area of the subsurface infiltration system.  

Exhibit 3.1 – Drawdown Equation 

))(( AreaBottomK

Rv
Timedrawdown =  

Where: 

Rv = Storage Volume 
K = Saturated Hydraulic Conductivity for “Static” and “Simple Dynamic” Methods, use Rawls 
Rate (Table 2.3.3, Massachusetts Stormwater Handbook). For “Dynamic Field” Method, use 
50% of the in-situ saturated hydraulic conductivity.  
Bottom Area = Bottom Area of Recharge Structure 

The Storage Volume (Rv) and Bottom Area for the subsurface infiltration system was derived from 
the Proposed Conditions HydroCAD model (Appendix D).  The Rawls Rate (K) used for the 
analysis was 1.02 in/hr (sandy loam).  For information on how this rate was determined, refer to 
Section 2.2.1. This is the Rawls rate corresponding to sandy loam in Hydrologic Soil Group “B,” 
thus providing a conservative approach. Supporting calculations are included in Appendix H. 
Table 3.3 summarizes the drawdown time for the subsurface basin. 
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Table3.3 – Summary of Drawdown Time 
Infiltration BMP Maximum Drawdown Time 

(hours) 
Drawdown Time Provided 

(hours) 

Subsurface Infiltration System 

Bioswale 

72 

72 

23.86 

63.90 

The drawdown time for the BMP is less than the required drawdown time of 72 hours from 
Standard 3.   

3.3 SEPARATION FROM SEASONAL HIGH GROUNDWATER 

The Massachusetts Stormwater Handbook requires at least a two-foot separation between the 
bottom of the infiltration BMP and the seasonal high groundwater table.  Indication of seasonal 
high groundwater was not found in the field during the borings and soil testing.  For the purposes 
of this analysis, it is assumed that the existing groundwater elevation is below the depths of the 
borings.  Therefore, the separation from the bottom of the proposed subsurface system to the 
seasonal high groundwater elevation is greater than 4-ft. 

The bottom of the subsurface infiltration system provides the seasonal high groundwater 
separation required from Standard 3. 
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4.0 Standard 4: Water Quality 

Stormwater Management Standard 4 states: 

“Stormwater management systems shall be designed to remove 80% of the average 
annual post-construction load of Total Suspended Solids (TSS). This standard is met when: 

a. Suitable practices for source control and pollution prevention are identified in a long-
term pollution prevention plan, and thereafter are implemented and maintained; 

b. Stormwater BMP’s are sized to capture the required water quality volume determined 
in accordance with the Massachusetts Stormwater Handbook; and 

c. Pretreatment is provided in accordance with the Massachusetts Stormwater 
Handbook. 

For the project, 

• Pollution prevention is identified and a long-term pollution prevention plan is proposed to 
be implemented and maintained. 

• The structural stormwater best management practices are sized to capture the required 
water quality volume as determined in accordance with the Massachusetts Stormwater 
Handbook, to the maximum extent practicable. 

• Pretreatment is provided in accordance with the Massachusetts Stormwater Handbook. 

Stormwater Management Standard 4 has been met. 

This section describes the procedures for determining compliancy with Stormwater 
Management Standard 4. 

4.1 LONG – TERM POLLUTION PREVENTION PLAN 

The long-term pollution prevention plan for the project site is included as part of the Operation 
and Maintenance Plan (Section 9.2).  A long term pollution prevention plan that fully meets the 
requirements of Standard 4 will be implemented. 

• The pollution prevention plan includes; salt, sand and other deicing chemicals; proper 
management of fertilizers, herbicides, and pesticides; and stabilization of stockpile areas 
and any existing eroding surfaces. 

• The redevelopment design results in a slight increase in impervious area.  With the 
exception of the pocket park located along Harvard Street, the design provides 
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treatment for runoff from all the remaining impervious surfaces within the project area to 
achieve 80% TSS removal.  In addition, two small raingardens on Harvard Street in front of 
the building have been incorporated into the design.   

• The following pollution prevention measures have been considered: 

o Deicing materials will only be used to the extent needed to make the drive aisle 
and walkways safe. 

o Fertilizers, herbicides, and pesticides will only be used to the extent needed to 
maintain healthy plant materials and landscaped areas. 

o Landscaping that reduces the need for fertilizer, herbicides, and pesticides. 

o All catch basins and area drains will be inspected at least two times per year and 
cleaned a minimum of at least once per year.  Sediment and/or floatable 
pollutants will be pumped from the catch basin.  During colder periods, the catch 
basin grates will be kept free of snow and ice.  During warmer periods, catch 
basin grates will be kept free of leaves, litter, sand, and debris. 

• There are no discharges to impaired waters. 

4.2 WATER QUALITY TREATMENT VOLUME 

A water quality depth of 0.5-inch was utilized to compute the required water quality treatment.  
Water quality calculations are included in Appendix H.  The subsurface infiltration system was 
sized based on 0.5 in. of runoff times the total contributing impervious area at the post 
development site.  The required water quality volume based on a 0.5-inch depth and  
15,192 square feet of impervious area is 633 cubic feet.  The subsurface infiltration system 
provides 3,975 of storage, and therefore exceeds the required water quality treatment volume. 

4.3 TSS REMOVAL COMPUTATIONS 

Standard 4 requires that a minimum of 80% Total Suspended Solids (TSS) removal rate be 
achieved in the proposed condition.  TSS calculations are included in Appendix I. 

The following BMPs are proposed: 

Subsurface Infiltration Basin  
One subsurface infiltration system (StormTank units) is proposed to detain and infiltrate 
stormwater runoff.  Stormwater will be pretreated prior to entering the system through an isolator 
row or Stormceptor unit. 
 
Bioswale 
A bioswale is proposed along Williams Street to detain and infiltrate low runoff volumes from the 
roof area, 
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Stormceptor Unit 
A Stormceptor unit is proposed to treat runoff from the loading dock and courtyard area prior to 
entering the underground infiltration system. 
 
The proposed stormwater management system is designed to meet the required 80 percent 
removal of TSS from the stormwater runoff from impervious areas. The best management 
practices (BMP) implemented for the project consist of a subsurface infiltration system with 
isolator row, bioswale, Stormceptor unit and raingardens.   
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5.0 Standard 5: Land Uses with Higher Potential Pollutant Loads 

Stormwater Management Standard 5 states: 

“For land uses with higher potential pollutant loads (LUHPPL), source control and pollution 
prevention shall be implemented in accordance with the Massachusetts Stormwater 
Handbook to eliminate or reduce the discharge of stormwater runoff from such land uses 
to the maximum extent practicable.” 

 “Stormwater discharges from LUHPPLs requires the use of a treatment train that provides 
80% TSS removal prior to discharge and at least 44% TSS removal prior to discharge to the 
infiltration BMP.” 

“The infiltration BMP shall be designed to treat 1.0 in. of runoff times the total impervious 
area at the post development site.” 

The project is not considered to be within Land use with Higher Potential Pollutant Loads area. 
Therefore, Stormwater Management Standard 5 is not applicable. 
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6.0 Standard 6: Critical Areas 

Stormwater Management Standard 6 states: 

“Stormwater discharges within the Zone II or Interim Wellhead Protection Area of a public 
water supply, and stormwater discharges near or to any other critical area, require the 
use of the specific source control and pollution prevention measures and the specific 
structural stormwater best management practices determined by the Department to be 
suitable for managing discharges to such areas, as provided in the Massachusetts 
Stormwater Handbook.” 

“Stormwater discharges to an Outstanding Resource Water or Special Resource Water 
requires the use of a treatment train that provides 80% TSS removal prior to discharge and 
at least 44% TSS removal prior to discharge to the infiltration BMP.” 

“The infiltration BMP shall be designed to treat 1.0 in. of runoff times the total impervious 
area at the post development site.” 

The project is not considered to be within a critical area.  Therefore, Stormwater Management 
Standard 6 is not applicable. 
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7.0 Standard 7: Redevelopment 

Stormwater Management Standard 7 states: 

“A redevelopment project is required to meet the following Stormwater Management 
Standards only to the maximum extent practicable: Standard 2, Standard 3, and the 
pretreatment and structural best management practice requirements of Standards 4, 5, 
and 6. Existing stormwater discharges shall comply with Standard 1 only to the maximum 
extent practicable.  A redevelopment project shall also comply with all other 
requirements of the Stormwater Management Standards and improve existing 
conditions.” 

“A new development project must comply fully with all the Stormwater Management 
Standards.” 

Full compliance with the Stormwater Management Standards is required for this project, as the 
project proposes a slight increase in impervious area.   

For this project, all Stormwater Management Standards are met.  Stormwater Management 
Standard 7 is therefore met. 
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8.0 Standard 8: Construction Period Pollution Prevention and Erosion & Sedimentation 
Control 

Construction period pollution prevention and erosion and sedimentation control measures will 
be implemented at the project site to control construction related impacts during construction 
and land disturbance activities. The general contractor for the project will be responsible for 
implementation of the construction period controls. 

8.1 EROSION AND SEDIMENT CONTROL MEASURES 

The project will not disturb more than one acre of land during the construction process and 
therefore, will not require a NPDES Construction General Permit issued by the Environmental 
Protection Agency.  As a result, a stormwater pollution prevention plan (SWPPP) will not be 
required.  The Site Preparation and Erosion Control Plan (L-001) addresses erosion and 
sedimentation control for this project.   

Without proper erosion and sediment control measures, grading, filling and installation of piping 
structures may cause erosion and sedimentation, resulting in temporarily increased turbidity and 
suspended solid loads. Runoff from construction sites may also transport sediment to 
downstream stormwater systems and watercourses, where sediment deposition and 
accumulation will occur as flow velocities decrease.  

Erosion and sedimentation controls will be employed to prevent the erosion and transport of 
sediment into adjacent areas and drainage systems during the earthwork and construction 
phases of the project. Erosion and sedimentation control measures will be installed prior to site 
excavation or disturbance and will be maintained throughout the construction period. 

Below is a description of some of the erosion and sediment control measures that will be 
employed at the project and that will be included in the SWPPP. 

Hay Bale and Silt Fence Barriers     

Prior to any ground disturbance, a professional engineer or land surveyor will certify that a barrier 
of staked hay bales and silt fence is in place at the down gradient limit of work in accordance 
with the plan filed with the design plans.  The barrier will be placed to trap sediment transported 
by runoff before it reaches the drainage system or leaves the construction site.  The silt fence is a 
semi-permeable barrier made of a synthetic porous fabric which provides additional protection 
when used with hay bale barriers.  When necessary, additional hay bale and silt fence barriers 
will be installed immediately down gradient of erosion-prone areas, such as the base of steep 
exposed slopes and around the base of stockpiles, throughout the construction phase of the 
project. The barriers will be entrenched into the substrate to prevent underflow. 

The erosion control barriers will be inspected weekly and after every storm event. Any sediment 
that collects behind the barriers will be removed and will be either reused at the site or disposed 
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of at a suitable offsite location. Any damaged sections of silt fence or hay bales will be repaired 
or replaced.  The underside of hay bales will be kept in close contact with the earth and reset as 
necessary.  Hay bale barriers and silt fences will be maintained and cleaned until slopes have 
healthy stands of grass. 

Catch Basin Inlet Protection 

The inlets of proposed and existing catch basins will be protected from sediment inflow during 
the work period through the installation of Siltsacks™, or approved equal. A layer of filter fabric 
will be installed beneath the grates of the catch basins. The inlets of existing catch basins will be 
protected by Siltsacks™, or approved equal. These protection measures will be inspected after 
every storm event and will be routinely maintained until the drainage area tributary to each inlet 
has been stabilized with vegetation and/or covered by pavement. Any sediment that collects 
behind the barrier or in the sacks will be removed and will be either reused onsite or disposed of 
at a suitable off-site location. 

Dust Control 

Fugitive dust from large areas of unstabilized soil can be a problem during construction. On dry 
and windy days when dust generation is a concern, a water truck will traverse the site and spray 
water as necessary to prevent dust from forming. Calcium chloride may also be applied to the 
ground in granular form to attract atmospheric moisture, dampening the ground and 
preventing fugitive dust. 

Slope Stabilization 

A temporary vegetative cover will be established on areas of exposed soils (including stockpiles) 
that remain inactive and unstabilized for a period of more than 30 days for slopes, and weather 
permitting. The seeded surfaces will be covered with a layer of straw mulch or hydro mulch as 
described above. 

Upon completion of final grading, any areas not covered by pavement, other forms of 
stabilization, or other methods of landscaping will be seeded with an erosion control seed mix. 
On slopes 4:1 and greater, loamed and seeded areas will be mulched with hay to prevent 
erosion prior to germination of the seed.  After disturbed areas have been stabilized, the 
temporary erosion control measures will be removed and accumulated sediment will be 
removed and disposed of in an appropriate location.   

Stabilized Construction Entrance  

A temporary stabilized construction entrance will be installed at the site. The purpose of the 
construction entrance is to remove sediment attached to vehicle tires and to minimize sediment 
transport and deposition onto public road surfaces. The construction entrance will be composed 
of beds of crushed stone which will be replenished as necessary to maintain their proper 
function. The stone will be placed over a layer of non-woven filter fabric. The stabilized 



JCHE at CONGREGATION KEHILLATH ISRAEL – PROPOSED REDEVELOPMENT 
 

tt v:\2108\active\210801416\design\report\stormwater report\jche ki brookline_stormwater report_2016-10-17.docx 37 

construction entrance will remain in place until the excavation and grading phases of the 
construction are complete. 

8.2 MATERIAL MANAGEMENT PRACTICES 

The following material management practices will be used to reduce the risk of spills or other 
accidental exposure of materials and substances to stormwater runoff. These include good 
housekeeping practices and guidelines for the handling of hazardous products. The following 
good housekeeping practices will be followed on-site during the construction period. 

• An effort will be made to store only enough products required to do the job. 

• All materials stored on-site will be stored in a neat, orderly manner in their appropriate 
containers, and (if possible) under a roof or other enclosure. 

• Products will be kept in their original containers with the original manufacturer's label. 

• Substances will not be mixed with one another unless recommended by the manufacturer. 

• Whenever possible, all of a product will be used before disposing of the container. 

• Manufacturer's recommendations for proper use and disposal will be followed. 

• The site superintendent will observe the storage area daily to ensure proper use and disposal 
of materials on-site. 

The following practices will reduce the risks associated with hazardous materials (e.g., petroleum 
products, solvents): 

• A copy of all Material Safety Data Sheets (MSDS) for materials or products used during 
construction will be kept on site.  

• Products will be kept in original containers unless they are not re-sealable. 

• Original labels and material safety data (MSD sheets) will be retained since they contain 
important product information. 

• If surplus product must be disposed, manufacturer's or local- and state-recommended 
methods for proper disposal will be followed. 

8.3 PRODUCT SPECIFIC PRACTICES 

The following product-specific practices will be followed on-site. Recommendations are 
provided for petroleum products, fertilizers, solvents, paints, and other hazardous substances. 

Petroleum Products 

All on-site construction vehicles will be monitored for leaks and will receive regular preventive 
maintenance to reduce the chance of leakage. No vehicle maintenance or handling of 
petroleum products will occur on within 100 feet of a waterway. Petroleum products will be 
stored in tightly sealed containers that are clearly labeled. Any asphalt substances used on-site 
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will be applied according to manufacturer's recommendations.  No petroleum-based or asphalt 
substances will be stored within 100 feet of a waterway. 

Fertilizers 

Fertilizers will be applied only in the minimum amounts recommended by the manufacturer. 
Once applied, the fertilizer will be worked into the soil to limit exposure to stormwater. Storage 
will be either covered, or in a covered area; and the contents of any partially used bags will be 
transferred to a sealable, plastic bin to avoid spills. 

Solvents, Paints, and other Hazardous Substances 

All containers will be tightly sealed and stored when not required for use. Excess materials will not 
be discharged to the storm sewer system, but will be properly disposed according to 
manufacturer's instructions or state and local regulations.  

Concrete Trucks 

Concrete trucks will not be allowed to wash out or discharge surplus concrete or drum wash 
water into catch basins or drainage systems. 

8.4 SPILL CONTROL/NOTIFICATION PRACTICES 

In addition to the good housekeeping and material management practices discussed above, 
the following practices will be followed for spill control, notification and cleanup. 

 
• Manufacturer's recommended methods for spill cleanup will be clearly posted and site 

personnel will be informed of the procedures and the location of the information and 
cleanup supplies. 

• Materials and equipment necessary for spill cleanup will be kept in the material storage area 
on-site. Equipment and materials will include, but will not be limited to, spill kits, shovels, 
wheel barrows, brooms, dust pans, mops, rags, gloves, goggles, kitty litter or Speedi-Dry, 
sand, sawdust, and plastic and metal trash containers specifically designated for this 
purpose. 

• All spills will be cleaned up immediately after discovery. 

• The spill area will be kept well ventilated and personnel will wear protective clothing to 
prevent injury from contact with a hazardous substance. 

• Spills of toxic or hazardous material in excess of reportable quantities, as established in the 
Massachusetts Contingency Plan (MCP), will be reported to the Massachusetts Department 
of Environmental Protection Division of Hazardous Waste [(617) 292-5500 or (978) 694-3200].  

• The construction superintendent responsible for the daily operations will be the spill 
prevention and cleanup coordinator. He will designate at least three other site personnel to 
receive spill prevention and cleanup training. These individuals will each become responsible 
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for a particular phase of prevention and cleanup. The names of the responsible spill 
personnel will be posted in the material storage area and in the on-site office trailer or office 
building. 

8.5 MAINTENANCE PROGRAM PRACTICES: PRIOR OR DURING CONSTRUCTION 

In addition to the maintenance described for each stormwater control, the following practices 
should be followed: 

• Prior to construction, install erosion and sediment control measures as shown on the plan and 
details. 

• The site contractor shall inspect all sediment and erosion control structures after each rainfall 
event and at the end of the working day. 

• All measures shall be maintained in good working order. If repair is necessary, it shall be 
initiated within 1 business day of inspection. 

• Silt shall be removed from the filter bags if depths reach 6-inches or greater and as-needed. 

• Sediment shall be contained within the construction site and away from drainage structures. 

• The underside of hay bales shall be kept in close contact with the ground and reset as 
necessary. 

• Damaged or deteriorated erosion control measures will be repaired immediately after 
identification. 

• The contractor’s site superintendent will be responsible for inspection, maintenance and 
repair activities. 

Erosion control measures shall remain in place until all construction is completed and all 
disturbed earth is stabilized. 
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9.0 Standard 9: Operation and Maintenance Plan 

The goal of the operation and maintenance plan is not only to protect resources on-site or 
nearby, but also to protect resources in the region that may be affected by the activities at the 
site. Water quality treatment measures and the implementation of Best Management Practices 
(BMP's) for structural controls will result in the treatment of site stormwater and the removal of a 
minimum of 80 percent of the total suspended solids (TSS) load in runoff prior to discharge from 
the site, consistent with Massachusetts DEP’s TSS removal standard. 

The Stormwater Management System Owners will be owners of the property (JCHE).  The 
responsible party for operation and maintenance shall also be JCHE.   

An Operation and Maintenance Log has been prepared for this project and is included in this 
report as Appendix K.  This log shall be filled out by the party responsible for operation and 
maintenance.  JCHE will be responsible for overseeing the performance of the inspections and 
maintenance as outlined in the Operations and Maintenance Plan with their own personnel. 

Non-structural pollutant controls include encouraging the use of salt substitutes for maintenance 
of paved parking and access areas, as well sweeping of paved parking and access areas on a 
regular basis.   

9.1 STRUCTURAL POLLUTANT CONTROLS 

The proposed stormwater management system is designed to protect runoff water quality 
through the removal of sediment and pollutants.  Operation and maintenance for structural 
pollutant controls used to separate and capture stormwater pollutants is described below.  In 
addition, operation and maintenance for existing site features such as pavement, roofs and 
gutters is described below.  Refer to Appendix L for Operation and Maintenance Logs required 
under this section. 

Subsurface Infiltration System 
 
The subsurface infiltration system at the project site will be constructed with StormTank 
chambers.  The system requires maintenance to remain functional.  Well maintained 
pretreatment BMPs will reduce the need for maintenance of the subsurface system.  An isolator 
row, consisting of one row of StormTank chambers is provided and includes a 12” HDPE pipe with 
a cleanout for ease of access for operation and maintenance.  

Proprietary Structural BMPs (Stormceptor Water Quality Units) 

Proprietary structural BMPs are underground structures that provide total suspended solids 
removal and serve as a gas and oil trap to improve water quality.  The units are proprietary 
products that consist of precast concrete structures, each of which contain a fiberglass weir, 
drop tee, and insert that captures oil.   
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The proper removal of sediments, debris, and associated pollutants occurs only when 
proprietary structural BMPs are cleaned out regularly. The more frequent the cleaning, the less 
likely sediments will be re-suspended and subsequently discharged. In addition, frequent 
cleaning also results in more volume available for future deposition and enhances overall 
performance.  Regular maintenance and cleaning will assure adequate performance of these 
structures. 

The proprietary structural BMP used at the project site consists of  one (1) Stormceptor unit (water 
quality unit), which will be used for pretreatment prior to discharging to the subsurface infiltration 
system. Well maintained pretreatment BMPs will reduce the need for maintenance of the 
subsurface infiltration system.  

The proprietary structural BMP (Stormceptor unit) will be inspected and cleaned in strict 
accordance with the manufacturer’s recommendations and requirements.  Inspections will 
occur post-construction, prior to putting the water quality unit into service, routinely during the 
first year of operation to assess sediment accumulation, and frequently (at least twice) in 
subsequent years based on the maintenance plan developed in the first year.  Inspections will 
also be performed after an oil, fuel, or other chemical spill.  The unit will be cleaned once the 
sediment depth reaches 15% of the unit’s total storage capacity, approximately once 
annually.  The unit will be cleaned after an oil, fuel, or chemical spill.   

See Appendix J for StormTank and Stormceptor unit maintenance guidelines for additional 
information. 

Bioswale 

Bioretention areas require regular maintenance.  Bioretention areas should be inspected 
regularly for sediment buildup, structural damage, and standing water.  Inspect soil and repair 
eroded areas monthly.  Re-mulch void areas as needed.  Remove litter and debris monthly.  
Treat diseased vegetation as needed.  Remove and replace dead vegetation twice per year 
(spring and fall).  Replace mulch every two years, in the early spring.  The entire soil media and 
all vegetation shall be replaced as needed when the capacity of the media decreases to 
prevent contaminants from entering the groundwater.       

Green Roof 

Extensive green roofs require regular watering during the establishment period of approximately 
3 to 12 months depending on the installation season.  Once established, ongoing maintenance 
includes monthly inspections to ensure the vegetation free zones and roof drains are not 
clogged and functioning properly, as well as to remove any trash, debris or tree seedlings that 
may have become established. 
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Trench Drain 

The trench drains shall be inspected twice per year and at the end of foliage and snow-removal 
seasons.  Cleaning shall be performed with a vactor truck to prevent damage to the trench 
drains.  Any structural damage or other indication of malfunction will be repaired as necessary.  
During colder periods, the grates will be kept free of snow and ice.  During warmer periods, 
grates will be kept free of leaves, litter, sand, and debris.  Regular maintenance and cleaning of 
the trench drains will assure adequate performance of these structures.     

Roof Drain Leaders 

Roof runoff from the building will be collected and conveyed to the underground infiltration 
system.  Routine roof inspections will be performed two times per year.  Roofs will be kept clean 
and free of debris, and the roof drainage systems will be kept clear.  The roof systems will be 
cleaned at least twice per year, or more frequently as necessary. 

Catch Basins 

All catch basins will be inspected at least two times per year and cleaned when the sump is half 
full of sediment.  Sediment and/or floatable pollutants will be pumped from the catch basin and 
disposed of at an approved off project area facility in accordance with all applicable 
regulations. Any structural damage or other indication of malfunction will be reported to the 
project area manager and repaired as necessary. During colder periods, catch basin grates will 
be kept free of snow and ice.  During warmer periods, catch basin grates will be kept free of 
leaves, litter, sand, and debris. Regular maintenance and cleaning of catch basins will assure 
adequate performance of these structures.  Well maintained pretreatment BMP’s (i.e. Catch 
Basins and isolator row) will reduce the need for maintenance of the subsurface stormwater 
infiltration system. 

Vegetated Areas Maintenance 
 
Although not a structural component of the drainage system, the maintenance of vegetated 
areas may affect the functioning of stormwater management practices. This includes the 
health/density of vegetative cover and activities such as the application and disposal of lawn 
and garden care products, disposal of leaves and yard trimmings. 

Initial Post-Construction Inspection 

During the initial period of vegetation establishment in disturbed areas pruning and 
weeding are required twice in first year by contractor or owner. Any dead 
vegetation/plantings found after the first year will be replaced. Proper mulching is 
mandatory and regular watering may be required initially to ensure proper establishment 
of new vegetation. 

Long-Term Maintenance 
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Weeds and invasive plant species will be removed by hand. Leaf litter and other detritus 
shall be removed twice per year. If needed to maintain aesthetic appearance, 
perennial plantings may be trimmed at the end of the growing season. Trees and shrubs 
will be inspected twice per year to evaluate health and attended to as necessary. 
Seeded ground cover or grass areas shall not receive mulching. PH tests of the soils in the 
planting bed will occur annually. If the pH is below 5.2, limestone will be applied to 
increase it. If the pH is above 8.0, iron sulfate plus sulfur will be added accordingly. 

9.2 LONG TERM POLLUTION PREVENTION PLAN 

The following measures will be employed to control potential sources of contamination and 
prevent pollution at the project site: 

Deicing  

To prevent increased pollutant concentrations in stormwater discharges, the amount of road salt 
applied will be controlled. The amount of deicing materials used will be monitored with the goal 
of using only enough to make the drive aisle and walkways safe.  

Fertilizer/Pesticide/Herbicide Application 

Landscaping maintenance will limit the amount of fertilizer, pesticides and herbicides to only 
what is needed to maintain healthy plant materials and landscaped areas. 

No pesticides or herbicides are to be used unless a single spot treatment is required for a specific 
control application.  

Fertilizer usage will be avoided. If deemed necessary, slow release fertilizer will be used, and 
applied only in the minimum amounts recommended by the manufacturer. Once applied, the 
fertilizer will be worked into the soil to limit exposure to stormwater. Storage will be in a covered 
area; and the contents of any partially used bags will be transferred to a sealable, plastic bin to 
avoid spills. 

Fertilizer will be used to begin the establishment of vegetation in bare or damaged areas, but 
will not be applied on a regular basis unless necessary. 

Records of soil management, application dates, planting dates, preventive measures, 
treatments and other appropriate information should be kept. This information will be used as a 
reference when fertilizer/pesticide/herbicide management decisions in the future. 

Materials Management/Housekeeping Practices 

The following product-specific practices will be followed on-site. Recommendations are 
provided for petroleum products, fertilizers, solvents, paints, and other hazardous substances, 
and concrete. 
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Petroleum Products - No vehicle maintenance or handling of petroleum products will 
occur on site, unless performed in a compliant area (i.e. maintenance building). 
Petroleum products will be stored in tightly sealed containers that are clearly labeled. 
Any asphalt substances used on-site will be applied according to manufacturer's 
recommendations.  

Solvents, Paints, and other Hazardous Substances - All containers will be tightly sealed 
and stored indoors when not required for use. Excess materials will not be discharged to 
the storm sewer system, but will be properly disposed according to manufacturer's 
instructions or state and local regulations. Any storage on-site shall be in compliance with 
all local, state and federal regulations. 
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10.0 Standard 10: Prohibition of Illicit Discharges 

Standard 10 of the Massachusetts Stormwater Handbook prohibits illicit discharges to stormwater 
management systems. As stated in the handbook, “The stormwater management system is the 
system for conveying, treating, and infiltrating stormwater on-site, including stormwater best 
management practices and any pipes intended to transport stormwater to the groundwater, a 
surface water, or municipal separate storm sewer system. Illicit discharges to the stormwater 
management system are discharges that are not entirely comprised of stormwater.”   

It is fully understood that the Storm Water Pollution Prevention Plan (SWPPP) for the project will 
include procedures to prevent illicit discharges to the stormwater management system during 
construction.  

Standard 10 also states that “The Illicit Discharge Compliance Statement must be accompanied 
by a site map that is drawn to scale and that identifies the location of any systems for conveying 
stormwater on the site and shows that these systems do not allow the entry of any illicit 
discharges into the stormwater management system. The site map shall identify the location of 
any systems for conveying wastewater and/or groundwater on the site and show that there are 
no connections between the stormwater and wastewater management systems and the 
location of any measures taken to prevent the entry of illicit discharges into the stormwater 
management system.”  Included with this report are drawings that display the location of all of 
the stormwater management components as well as other utilities (existing and proposed) on 
the project site and conforms to requirements of a “site map” to accompany the Illicit Discharge 
Compliance Statement. 

The Illicit Discharge Compliance Statement for the project is as follows: 

 
Illicit Discharge Compliance Statement 

Per the requirements of Standard 10 of the Massachusetts Stormwater Management 
Standards, it shall be stated that to the best of our knowledge and belief, and 
based on available information, the project, as designed, does not propose or 
contain any illicit discharges as defined in the Massachusetts Stormwater 
Management Standards. 

  



JCHE at CONGREGATION KEHILLATH ISRAEL – PROPOSED REDEVELOPMENT 
 

tt v:\2108\active\210801416\design\report\stormwater report\jche ki brookline_stormwater report_2016-10-17.docx  

This page is intentionally left blank for double sided printing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



JCHE at CONGREGATION KEHILLATH ISRAEL – PROPOSED REDEVELOPMENT 
 

tt v:\2108\active\210801416\design\report\stormwater report\jche ki brookline_stormwater report_2016-10-17.docx  

Appendix 
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APPENDIX A – MASSACHUSETTS STORMWATER REPORT CHECKLIST AND CERTIFICATION 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 A. Introduction 
Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key. 

 

A Stormwater Report must be submitted with the Notice of Intent permit application to document 
compliance with the Stormwater Management Standards. The following checklist is NOT a substitute for 
the Stormwater Report (which should provide more substantive and detailed information) but is offered 
here as a tool to help the applicant organize their Stormwater Management documentation for their 
Report and for the reviewer to assess this information in a consistent format. As noted in the Checklist, 
the Stormwater Report must contain the engineering computations and supporting information set forth in 
Volume 3 of the Massachusetts Stormwater Handbook. The Stormwater Report must be prepared and 
certified by a Registered Professional Engineer (RPE) licensed in the Commonwealth. 
 
The Stormwater Report must include: 

• The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see 
page 2) that certifies that the Stormwater Report contains all required submittals.1 This Checklist 
is to be used as the cover for the completed Stormwater Report. 

• Applicant/Project Name 
• Project Address 
• Name of Firm and Registered Professional Engineer that prepared the Report 
• Long-Term Pollution Prevention Plan required by Standards 4-6 
• Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan required 

by Standard 82 
• Operation and Maintenance Plan required by Standard 9 

 
In addition to all plans and supporting information, the Stormwater Report must include a brief narrative 
describing stormwater management practices, including environmentally sensitive site design and LID 
techniques, along with a diagram depicting runoff through the proposed BMP treatment train.  Plans are 
required to show existing and proposed conditions, identify all wetland resource areas, NRCS soil types, 
critical areas, Land Uses with Higher Potential Pollutant Loads (LUHPPL), and any areas on the site 
where infiltration rate is greater than 2.4 inches per hour.   The Plans shall identify the drainage areas for 
both existing and proposed conditions at a scale that enables verification of supporting calculations.   

 
As noted in the Checklist, the Stormwater Management Report shall document compliance with each of 
the Stormwater Management Standards as provided in the Massachusetts Stormwater Handbook.  The 
soils evaluation and calculations shall be done using the methodologies set forth in Volume 3 of the 
Massachusetts Stormwater Handbook.   
 
To ensure that the Stormwater Report is complete, applicants are required to fill in the Stormwater Report 
Checklist by checking the box to indicate that the specified information has been included in the 
Stormwater Report.  If any of the information specified in the checklist has not been submitted, the 
applicant must provide an explanation.  The completed Stormwater Report Checklist and Certification 
must be submitted with the Stormwater Report. 

 

 

 

 

 

 

 

 

 

 

 

  

   

  
1 The Stormwater Report may also include the Illicit Discharge Compliance Statement required by Standard 10.  If not included in 
the Stormwater Report, the Illicit Discharge Compliance Statement must be submitted prior to the discharge of stormwater runoff to 
the post-construction best management practices. 
 
2 For some complex projects, it may not be possible to include the Construction Period Erosion and Sedimentation Control Plan in 
the Stormwater Report.  In that event, the issuing authority has the discretion to issue an Order of Conditions that approves the 
project and includes a condition requiring the proponent to submit the Construction Period Erosion and Sedimentation Control Plan 
before commencing any land disturbance activity on the site. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 B. Stormwater Checklist and Certification 
 The following checklist is intended to serve as a guide for applicants as to the elements that ordinarily 

need to be addressed in a complete Stormwater Report. The checklist is also intended to provide 
conservation commissions and other reviewing authorities with a summary of the components necessary 
for a comprehensive Stormwater Report that addresses the ten Stormwater Standards.   
 
Note: Because stormwater requirements vary from project to project, it is possible that a complete 
Stormwater Report may not include information on some of the subjects specified in the Checklist.  If it is 
determined that a specific item does not apply to the project under review, please note that the item is not 
applicable (N.A.) and provide the reasons for that determination. 
 
A complete checklist must include the Certification set forth below signed by the Registered Professional 
Engineer who prepared the Stormwater Report. 

 

 

 

 

 

 Registered Professional Engineer’s Certification 
 I have reviewed the Stormwater Report, including the soil evaluation, computations, Long-term Pollution 

Prevention Plan, the Construction Period Erosion and Sedimentation Control Plan (if included), the Long-
term Post-Construction Operation and Maintenance Plan, the Illicit Discharge Compliance Statement (if 
included) and the plans showing the stormwater management system, and have determined that they 
have been prepared in accordance with the requirements of the Stormwater Management Standards as 
further elaborated by the Massachusetts Stormwater Handbook.  I have also determined that the 
information presented in the Stormwater Checklist is accurate and that the information presented in the 
Stormwater Report accurately reflects conditions at the site as of the date of this permit application.   

 

 

 

 
Registered Professional Engineer Block and Signature 

    

   

   

   

   

   
Signature and Date 

 
  

 Checklist 

 Project Type: Is the application for new development, redevelopment, or a mix of new and 
redevelopment?  

  New development 

  Redevelopment 

  Mix of New Development and Redevelopment 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 Checklist (continued) 
 LID Measures:  Stormwater Standards require LID measures to be considered.  Document what 

environmentally sensitive design and LID Techniques were considered during the planning and design of 
the project:  

 
 No disturbance to any Wetland Resource Areas 

 
 Site Design Practices (e.g. clustered development, reduced frontage setbacks) 

 
 Reduced Impervious Area (Redevelopment Only) 

 
 Minimizing disturbance to existing trees and shrubs 

 
 LID Site Design Credit Requested: 

 
  Credit 1    

 
  Credit 2 

 
  Credit 3 

 
 Use of “country drainage” versus curb and gutter conveyance and pipe 

 
 Bioretention Cells (includes Rain Gardens) 

 
 Constructed Stormwater Wetlands (includes Gravel Wetlands designs) 

 
 Treebox Filter 

 
 Water Quality Swale 

 
 Grass Channel 

 
 Green Roof 

 
 Other (describe):  Subsurface Infiltration System 

 
 

 
 

Standard 1: No New Untreated Discharges 
 

 No new untreated discharges 
  Outlets have been designed so there is no erosion or scour to wetlands and waters of the 

Commonwealth 
 

 Supporting calculations specified in Volume 3 of the Massachusetts Stormwater Handbook included. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 Checklist (continued) 
 

Standard 2:  Peak Rate Attenuation 
  Standard 2 waiver requested because the project is located in land subject to coastal storm flowage 

and stormwater discharge is to a wetland subject to coastal flooding. 
  Evaluation provided to determine whether off-site flooding increases during the 100-year 24-hour 

storm. 
 

 Calculations provided to show that post-development peak discharge rates do not exceed pre-
development rates for the 2-year and 10-year 24-hour storms.  If evaluation shows that off-site 
flooding increases during the 100-year 24-hour storm, calculations are also provided to show that 
post-development peak discharge rates do not exceed pre-development rates for the 100-year 24-
hour storm. 

 

 

 
Standard 3: Recharge 

 
 Soil Analysis provided. 

 
 Required Recharge Volume calculation provided. 

 
 Required Recharge volume reduced through use of the LID site Design Credits. 

 
 Sizing the infiltration, BMPs is based on the following method:  Check the method used. 

 
  Static   Simple Dynamic   Dynamic Field1 

 
 Runoff from all impervious areas at the site discharging to the infiltration BMP. 

 
 Runoff from all impervious areas at the site is not discharging to the infiltration BMP and calculations 

are provided showing that the drainage area contributing runoff to the infiltration BMPs is sufficient to 
generate the required recharge volume. 

 

 
 Recharge BMPs have been sized to infiltrate the Required Recharge Volume. 

  Recharge BMPs have been sized to infiltrate the Required Recharge Volume only to the maximum 
extent practicable for the following reason: 

 
  Site is comprised solely of C and D soils and/or bedrock at the land surface 

 
  M.G.L. c. 21E sites pursuant to 310 CMR 40.0000 

 
  Solid Waste Landfill pursuant to 310 CMR 19.000 

   Project is otherwise subject to Stormwater Management Standards only to the maximum extent 
 practicable. 

 
 Calculations showing that the infiltration BMPs will drain in 72 hours are provided. 

 
 Property includes a M.G.L. c. 21E site or a solid waste landfill and a mounding analysis is included. 

 
  

 
1 80% TSS removal is required prior to discharge to infiltration BMP if Dynamic Field method is used. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 Checklist (continued) 
 

Standard 3: Recharge (continued) 
 

 The infiltration BMP is used to attenuate peak flows during storms greater than or equal to the 10-
year 24-hour storm and separation to seasonal high groundwater is less than 4 feet and a mounding 
analysis is provided. 

 

  Documentation is provided showing that infiltration BMPs do not adversely impact nearby wetland 
resource areas. 

 
Standard 4: Water Quality 

 
The Long-Term Pollution Prevention Plan typically includes the following: 
• Good housekeeping practices;  
• Provisions for storing materials and waste products inside or under cover; 
• Vehicle washing controls; 
• Requirements for routine inspections and maintenance of stormwater BMPs;  
• Spill prevention and response plans;  
• Provisions for maintenance of lawns, gardens, and other landscaped areas;  
• Requirements for storage and use of fertilizers, herbicides, and pesticides; 
• Pet waste management provisions;  
• Provisions for operation and management of septic systems;  
• Provisions for solid waste management; 
• Snow disposal and plowing plans relative to Wetland Resource Areas; 
• Winter Road Salt and/or Sand Use and Storage restrictions; 
• Street sweeping schedules; 
• Provisions for prevention of illicit discharges to the stormwater management system; 
• Documentation that Stormwater BMPs are designed to provide for shutdown and containment in the 

event of a spill or discharges to or near critical areas or from LUHPPL; 
• Training for staff or personnel involved with implementing Long-Term Pollution Prevention Plan;  
• List of Emergency contacts for implementing Long-Term Pollution Prevention Plan. 

 

 

 

 

 

 

 

 

 

  A Long-Term Pollution Prevention Plan is attached to Stormwater Report and is included as an 
attachment to the Wetlands Notice of Intent. 

  Treatment BMPs subject to the 44% TSS removal pretreatment requirement and the one inch rule for 
calculating the water quality volume are included, and discharge: 

 
  is within the Zone II or Interim Wellhead Protection Area 

 
  is near or to other critical areas 

 
  is within soils with a rapid infiltration rate (greater than 2.4 inches per hour) 

 
  involves runoff from land uses with higher potential pollutant loads. 

 
 The Required Water Quality Volume is reduced through use of the LID site Design Credits. 

  Calculations documenting that the treatment train meets the 80% TSS removal requirement and, if 
applicable, the 44% TSS removal pretreatment requirement, are provided. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 Checklist (continued) 
 

Standard 4: Water Quality (continued) 
 

 The BMP is sized (and calculations provided) based on: 
 

  The ½” or 1” Water Quality Volume or 
   The equivalent flow rate associated with the Water Quality Volume and documentation is 

 provided showing that the BMP treats the required water quality volume. 
 

 The applicant proposes to use proprietary BMPs, and documentation supporting use of proprietary 
BMP and proposed TSS removal rate is provided.  This documentation may be in the form of the 
propriety BMP checklist found in Volume 2, Chapter 4 of the Massachusetts Stormwater Handbook 
and submitting copies of the TARP Report, STEP Report, and/or other third party studies verifying 
performance of the proprietary BMPs. 

 

 

  A TMDL exists that indicates a need to reduce pollutants other than TSS and documentation showing 
that the BMPs selected are consistent with the TMDL is provided. 

 Standard 5: Land Uses With Higher Potential Pollutant Loads (LUHPPLs) 

 
 The NPDES Multi-Sector General Permit covers the land use and the Stormwater Pollution 

Prevention Plan (SWPPP) has been included with the Stormwater Report. 

  The NPDES Multi-Sector General Permit covers the land use and the SWPPP will be submitted prior 
to the discharge of stormwater to the post-construction stormwater BMPs. 

  The NPDES Multi-Sector General Permit does not cover the land use. 

  LUHPPLs are located at the site and industry specific source control and pollution prevention 
measures have been proposed to reduce or eliminate the exposure of LUHPPLs to rain, snow, snow 
melt and runoff, and been included in the long term Pollution Prevention Plan.  

  All exposure has been eliminated. 

  All exposure has not been eliminated and all BMPs selected are on MassDEP LUHPPL list. 

  The LUHPPL has the potential to generate runoff with moderate to higher concentrations of oil and 
grease (e.g. all parking lots with >1000 vehicle trips per day) and the treatment train includes an oil 
grit separator, a filtering bioretention area, a sand filter or equivalent.  

 Standard 6: Critical Areas 

  The discharge is near or to a critical area and the treatment train includes only BMPs that MassDEP 
has approved for stormwater discharges to or near that particular class of critical area. 

  Critical areas and BMPs are identified in the Stormwater Report. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 Checklist (continued) 

 Standard 7: Redevelopments and Other Projects Subject to the Standards only to the maximum 
extent practicable 

  The project is subject to the Stormwater Management Standards only to the maximum Extent 
Practicable as a: 

   Limited Project 

   Small Residential Projects: 5-9 single family houses or 5-9 units in a multi-family development 
 provided there is no discharge that may potentially affect a critical area. 

   Small Residential Projects: 2-4 single family houses or 2-4 units in a multi-family development  
 with a discharge to a critical area 

   Marina and/or boatyard provided the hull painting, service and maintenance areas are protected 
 from exposure to rain, snow, snow melt and runoff 

   Bike Path and/or Foot Path 

   Redevelopment Project 

   Redevelopment portion of mix of new and redevelopment. 

  Certain standards are not fully met (Standard No. 1, 8, 9, and 10 must always be fully met) and an 
explanation of why these standards are not met is contained in the Stormwater Report. 

  The project involves redevelopment and a description of all measures that have been taken to 
improve existing conditions is provided in the Stormwater Report.  The redevelopment checklist found 
in Volume 2 Chapter 3 of the Massachusetts Stormwater Handbook may be used to document that 
the proposed stormwater management system (a) complies with Standards 2, 3 and the pretreatment 
and structural BMP requirements of Standards 4-6 to the maximum extent practicable and (b) 
improves existing conditions. 

 

 

 Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control 

 A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan must include the 
following information: 
 

• Narrative; 
• Construction Period Operation and Maintenance Plan; 
• Names of Persons or Entity Responsible for Plan Compliance; 
• Construction Period Pollution Prevention Measures; 
• Erosion and Sedimentation Control Plan Drawings; 
• Detail drawings and specifications for erosion control BMPs, including sizing calculations; 
• Vegetation Planning; 
• Site Development Plan; 
• Construction Sequencing Plan; 
• Sequencing of Erosion and Sedimentation Controls; 
• Operation and Maintenance of Erosion and Sedimentation Controls; 
• Inspection Schedule; 
• Maintenance Schedule; 
• Inspection and Maintenance Log Form. 

 

 

 

 

 

 

 

 

  A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan containing 
the information set forth above has been included in the Stormwater Report. 
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Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands Program 

Checklist for Stormwater Report  
 

 Checklist (continued) 

 Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control 
(continued) 

  The project is highly complex and information is included in the Stormwater Report that explains why 
it is not possible to submit the Construction Period Pollution Prevention and Erosion and 
Sedimentation Control Plan with the application. A Construction Period Pollution Prevention and 
Erosion and Sedimentation Control has not been included in the Stormwater Report but will be 
submitted before land disturbance begins. 

 

 

  The project is not covered by a NPDES Construction General Permit. 

  The project is covered by a NPDES Construction General Permit and a copy of the SWPPP is in the 
Stormwater Report. 

  The project is covered by a NPDES Construction General Permit but no SWPPP been submitted.  
The SWPPP will be submitted BEFORE land disturbance begins. 

 Standard 9: Operation and Maintenance Plan 

  The Post Construction Operation and Maintenance Plan is included in the Stormwater Report and 
includes the following information: 

   Name of the stormwater management system owners; 

   Party responsible for operation and maintenance; 

   Schedule for implementation of routine and non-routine maintenance tasks; 

   Plan showing the location of all stormwater BMPs maintenance access areas; 

   Description and delineation of public safety features; 

   Estimated operation and maintenance budget; and 

   Operation and Maintenance Log Form. 

  The responsible party is not the owner of the parcel where the BMP is located and the Stormwater 
Report includes the following submissions: 

   A copy of the legal instrument (deed, homeowner’s association, utility trust or other legal entity) 
 that establishes the terms of and legal responsibility for the operation and maintenance of the 
 project site stormwater BMPs;  

   A plan and easement deed that allows site access for the legal entity to operate and maintain 
 BMP functions. 

 Standard 10: Prohibition of Illicit Discharges 

  The Long-Term Pollution Prevention Plan includes measures to prevent illicit discharges; 

  An Illicit Discharge Compliance Statement is attached; 

  NO Illicit Discharge Compliance Statement is attached but will be submitted prior to the discharge of 
any stormwater to post-construction BMPs. 
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:25,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Norfolk and Suffolk Counties, Massachusetts
Survey Area Data:  Version 11, Sep 28, 2015

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 10, 2014—Aug
25, 2014

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

Norfolk and Suffolk Counties, Massachusetts (MA616)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

602 Urban land, 0 to 15 percent
slopes

69.1 40.8%

603 Urban land, wet substratum, 0 to
3 percent slopes

10.2 6.0%

627C Newport-Urban land complex, 3
to 15 percent slopes

42.5 25.1%

628C Canton-Urban land complex, 3
to 15 percent slopes

47.6 28.1%

Totals for Area of Interest 169.4 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic

Custom Soil Resource Report
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classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If
intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Norfolk and Suffolk Counties, Massachusetts

602—Urban land, 0 to 15 percent slopes

Map Unit Setting
National map unit symbol: vkyj
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 120 to 200 days
Farmland classification: Not prime farmland

Map Unit Composition
Urban land: 99 percent
Minor components: 1 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Urban Land

Setting
Parent material: Excavated and filled land

Minor Components

Rock outcrops
Percent of map unit: 1 percent
Hydric soil rating: Unranked

603—Urban land, wet substratum, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: vkyl
Mean annual precipitation: 32 to 50 inches
Mean annual air temperature: 45 to 50 degrees F
Frost-free period: 120 to 200 days
Farmland classification: Not prime farmland

Map Unit Composition
Urban land: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Urban Land

Setting
Parent material: Excavated and filled land over herbaceous organic material and/or

alluvium and/or marine deposits

Custom Soil Resource Report
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Minor Components

Udorthents
Percent of map unit: 13 percent
Hydric soil rating: Unranked

Beaches
Percent of map unit: 2 percent
Hydric soil rating: Unranked

627C—Newport-Urban land complex, 3 to 15 percent slopes

Map Unit Setting
National map unit symbol: vkwv
Mean annual precipitation: 32 to 54 inches
Mean annual air temperature: 43 to 54 degrees F
Frost-free period: 120 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Newport and similar soils: 70 percent
Urban land: 20 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Newport

Setting
Landform: Drumlins
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Side slope
Down-slope shape: Convex
Across-slope shape: Convex
Parent material: Friable coarse-loamy eolian deposits over dense coarse-loamy

lodgment till derived from metamorphic rock

Typical profile
H1 - 0 to 9 inches: silt loam
H2 - 9 to 26 inches: channery silt loam
H3 - 26 to 60 inches: channery silt loam

Properties and qualities
Slope: 3 to 15 percent
Depth to restrictive feature: 20 to 40 inches to densic material
Natural drainage class: Well drained
Runoff class: High
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately

high (0.00 to 0.20 in/hr)
Depth to water table: About 18 to 30 inches
Frequency of flooding: None

Custom Soil Resource Report
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Frequency of ponding: None
Available water storage in profile: Low (about 4.4 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3e
Hydrologic Soil Group: B
Hydric soil rating: No

Description of Urban Land

Setting
Parent material: Excavated and filled land

Minor Components

Paxton
Percent of map unit: 4 percent
Hydric soil rating: No

Pittstown
Percent of map unit: 4 percent
Hydric soil rating: No

Udorthents
Percent of map unit: 2 percent
Hydric soil rating: Unranked

628C—Canton-Urban land complex, 3 to 15 percent slopes

Map Unit Setting
National map unit symbol: vktb
Elevation: 0 to 1,000 feet
Mean annual precipitation: 32 to 54 inches
Mean annual air temperature: 43 to 54 degrees F
Frost-free period: 120 to 240 days
Farmland classification: Not prime farmland

Map Unit Composition
Canton and similar soils: 70 percent
Urban land: 20 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Canton

Setting
Landform: Ice-contact slopes
Landform position (two-dimensional): Shoulder
Landform position (three-dimensional): Side slope
Down-slope shape: Convex

Custom Soil Resource Report
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Across-slope shape: Convex
Parent material: Friable coarse-loamy eolian deposits over loose sandy and gravelly

ablation till

Typical profile
H1 - 0 to 3 inches: fine sandy loam
H2 - 3 to 18 inches: fine sandy loam
H3 - 18 to 60 inches: gravelly loamy sand

Properties and qualities
Slope: 3 to 8 percent
Depth to restrictive feature: 18 to 36 inches to strongly contrasting textural

stratification
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile: Very low (about 2.7 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: A
Hydric soil rating: No

Description of Urban Land

Setting
Parent material: Excavated and filled land

Minor Components

Montauk
Percent of map unit: 4 percent
Hydric soil rating: No

Scituate
Percent of map unit: 2 percent
Hydric soil rating: No

Charlton
Percent of map unit: 2 percent
Hydric soil rating: No

Udorthents
Percent of map unit: 2 percent
Hydric soil rating: Unranked

Custom Soil Resource Report
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Soil Information for All Uses

Soil Properties and Qualities
The Soil Properties and Qualities section includes various soil properties and qualities
displayed as thematic maps with a summary table for the soil map units in the selected
area of interest. A single value or rating for each map unit is generated by aggregating
the interpretive ratings of individual map unit components. This aggregation process
is defined for each property or quality.

Soil Qualities and Features

Soil qualities are behavior and performance attributes that are not directly measured,
but are inferred from observations of dynamic conditions and from soil properties.
Example soil qualities include natural drainage, and frost action. Soil features are
attributes that are not directly part of the soil. Example soil features include slope and
depth to restrictive layer. These features can greatly impact the use and management
of the soil.

Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned
to one of four groups according to the rate of water infiltration when the soils are not
protected by vegetation, are thoroughly wet, and receive precipitation from long-
duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and three
dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist
chiefly of moderately deep or deep, moderately well drained or well drained soils that
have moderately fine texture to moderately coarse texture. These soils have a
moderate rate of water transmission.

16



Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or soils
of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell potential,
soils that have a high water table, soils that have a claypan or clay layer at or near the
surface, and soils that are shallow over nearly impervious material. These soils have
a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for
drained areas and the second is for undrained areas. Only the soils that in their natural
condition are in group D are assigned to dual classes.

Custom Soil Resource Report
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Lines
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Points
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:25,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil line
placement. The maps do not show the small areas of contrasting
soils that could have been shown at a more detailed scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  Norfolk and Suffolk Counties, Massachusetts
Survey Area Data:  Version 11, Sep 28, 2015

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  Aug 10, 2014—Aug
25, 2014

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Table—Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — Norfolk and Suffolk Counties, Massachusetts (MA616)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

602 Urban land, 0 to 15
percent slopes

69.1 40.8%

603 Urban land, wet
substratum, 0 to 3
percent slopes

10.2 6.0%

627C Newport-Urban land
complex, 3 to 15
percent slopes

B 42.5 25.1%

628C Canton-Urban land
complex, 3 to 15
percent slopes

A 47.6 28.1%

Totals for Area of Interest 169.4 100.0%

Rating Options—Hydrologic Soil Group

Aggregation Method:  Dominant Condition

Component Percent Cutoff:  None Specified

Tie-break Rule:  Higher

Custom Soil Resource Report
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GEOTECHNICAL AND GEOENVIRONMENTAL ENGINEERS 
2269 Massachusetts Avenue 

Cambridge, Massachusetts 02140 

(617) 868-1420 

 

Kehillath Israel 

384 Harvard Street 

Brookline, MA  02446 
 

Attention:  Paula Silver 

 

Reference: Proposed Addition to the Congregation Kehillath Israel; Brookline, MA 

Foundation Engineering Report 

 

This letter documents the results of our subsurface exploration program and foundation 

design study for the proposed addition to the Congregation Kehillath Israel located at 384 

Harvard Street in Brookline, Massachusetts.  Refer to the Project Location Plan (Figure 1) 

for the general site location. 

 

This report was prepared in accordance with our proposal dated September 11, 2015 and 

the subsequent authorization of Kehillath Israel.  These services are subject to the 

limitations contained in Appendix A. 

 

 

Purpose and Scope 

 

The purposes of the subsurface exploration program and foundation design study are to 

assess the subsurface soil and groundwater conditions at the site as they relate to 

foundation design and construction, and based on this information, to provide safe and 

economical foundation design recommendations for the proposed addition. 

 

Foundation design includes foundation support of the proposed addition and its lowest level 

slab, treatment of the lowest level slab in consideration of groundwater, and seismic design 

considerations in accordance with the provisions of the Eighth Edition of the Massachusetts 

State Building Code (Code).  Foundation construction considerations relating to geotechnical 

aspects of the proposed construction are also presented herein. 

 

 

Available Information 

 

Information provided to McPhail Associates, LLC (McPhail) included the following: 

 

• A survey plan entitled “Existing Conditions Plan” dated December 3, 2012, and 

prepared by Precision Land Surveying, Inc. (PLS); and 

 

• A set of architectural drawings entitled “Kehillath Israel Additions & Renovations” 

dated August 18, 2015, and prepared by Handlin, Garrahan & Associates, Inc. 
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Existing Conditions 

 

The subject site has an approximately rectangular shape, occupies an area of about 1.3-

acres, and is bounded by Harvard Street to the north, Williams Street to the east, 

residential properties to the south, and commercial properties to the west.  Currently, the 

eastern and central portions of the site are primarily occupied by the existing Congregation 

Kehillath Israel building which has an approximate footprint of 22,600 square feet.  The 

western portion of the site is currently occupied by a lawn area and playground.  The 

existing ground surface across the generally slopes gently downward from about Elevation 

+70 at the south property line to about Elevation +63 at the north property line, across an 

approximate horizontal distance of 190 feet. 

 

Elevations cited herein are in feet and are referenced to the Town of Brookline datum which 

is 5.78 feet below the National Geodetic Vertical Datum (NGVD). 

 

 

Proposed Development 

 

The scope of development is understood to consist of an addition and renovations to the 

existing Congregation Kehillath Israel building.  The addition is proposed to abut the 

existing building to the west and occupy an approximate footprint of 6,000 square feet.  

Further, the addition is understood to consist of three (3) levels with the lowest level slab 

located partially below-grade at about Elevation +58.3, which is understood to be 

approximately consistent with the lowest level slab of the existing building.  A stormwater 

recharge system is also proposed to the west of the addition. 

 

 

Subsurface Exploration Program  

 

A subsurface exploration program consisting of five (5) borings and three (3) test pits was 

conducted at the site on September 17th and 18th, 2015.  The borings were performed by 

Carr-Dee Corp. of Medford, Massachusetts under contract to McPhail.  Logs of the borings 

prepared by Carr-Dee Corp. are contained in Appendix B.  The test pits were performed by 

Mattuchio Construction Company Inc. of Malden, Massachusetts under contract to McPhail.  

Logs of the test pits prepared by McPhail are contained in Appendix C.  Approximate plan 

locations of the borings and test pits are as indicated on the enclosed Subsurface 

Exploration Plan, Figure 2. 

 

The explorations were observed by representatives of McPhail who performed field layout, 

prepared field logs, obtained and visually classified soil samples, monitored groundwater 

conditions in the open explorations and groundwater monitoring well, made minor 

adjustments to the exploration locations, and determined the required exploration depths 

based upon the actual subsurface conditions encountered. 

 

Field locations of the subsurface explorations were determined by taping from existing site 

features identified on the survey plan prepared by PLS.  The existing ground surface 
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elevation at each exploration location was determined by a level survey performed by 

McPhail utilizing vertical control also indicated on the survey plan provided by PLS. 

 

The borings were performed using both truck-mounted and track-mounted drill-rigs and 

advanced utilizing hollow-stem augers and/or NW casing and the wet rotary drilling method.  

Standard 1-3/8 inch I.D. split-spoon samples and standard penetration tests were generally 

obtained at minimum 5-foot intervals of depth in general accordance with the standard 

procedures described in ASTM D1586. 

 

The test pits were excavated using a rubber-tire backhoe, and were backfilled with the 

excavated soil upon completion of measurements, documentation and sampling. 

 

To permit monitoring of the groundwater level across the site, a groundwater observation 

well was installed within the completed borehole B-4(OW). 

 

 

In-Situ Permeability Testing Procedures 

 

On September 17, 2015, two (2) constant head, in-situ permeability tests were performed 

at the site.  The permeability tests were performed at approximate depths of 5.0 feet below 

the existing ground surface.  The permeability tests were performed within the fill deposit in 

boreholes B-4(OW) and B-5.  The results of the individual in-situ permeability tests are 

presented in Appendix E and are summarized in Table 1. 

 

The permeability tests were conducted as open-end tests and were performed in general 

accordance with the U.S. Bureau of Reclamation, Designation E-18 (USBR Method E-18).  

The general procedures are described below. 

 

Each borehole was advanced inside a 3-inch I.D. steel casing.  Once the desired test depth 

was reached, the soil was carefully cleaned out to the bottom of the casing using wet rotary 

drilling techniques.  Clean water was then introduced into the borehole to a pre-determined 

level.  The flow rate of the water was subsequently adjusted until a relatively constant head 

could be maintained in the casing at a relatively constant flow rate (steady state). 

 

The coefficient of permeability (k) of the soil was then calculated as: 

 

  k =     q              

         5.5rh 

 

where: q = constant rate of flow into the borehole; 

 r = inside radius of casing; 

 h = head of water used to maintain steady state.  

(Note: Any consistent units may be used.) 
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Laboratory Testing 

 

At the completion of our subsurface exploration program, soil samples were returned to our 

laboratory for more detailed classification, analysis, and testing.  The laboratory testing 

consisted of sieve analyses to determine the grain size distributions and confirm the visual 

classifications of the fill and glacial outwash deposits.  Laboratory test procedures were in 

general accordance with applicable ASTM Standards.  Results of the gradation testing 

appear on Figures 3 and 4 following the text of this report. 

 

 

Subsurface Conditions 

 

Detailed descriptions of the subsurface conditions encountered within the borings and test 

pits are documented on the boring and test logs contained in Appendices B and C, 

respectively.  Based on these explorations, the following is a description of the generalized 

subsurface conditions encountered across the site from ground surface downward. 

 

A fill deposit was encountered underlying the existing concrete or landscaped surfaces with 

a thickness ranging from approximately 5 to 11 feet.  The fill was observed to vary from a 

compact to dense, brown sandy gravel with trace silt, to a sand and silt with trace gravel.  

Traces of ash and cinders were also observed within the fill in borings B-1 and B-2.  The test 

pits were terminated in the fill at depths of 6 to 7 feet below the existing ground surface. 

 

Underlying the fill, a natural glacial outwash deposit was encountered at depths of about 5 

to 11 feet below the existing ground surface within the borings, corresponding to levels 

ranging from about Elevation +58 to Elevation +55.  The natural glacial outwash deposit 

was generally observed to consist of a very dense, brown sand and gravel to sand with 

trace silt.  Lenses of dense, light brown silt with some sand and trace clay were also 

observed within the glacial outwash deposit at approximate depths of 20 to 24 feet and 20 

to 22 feet within borings B-1 and B-2, respectively.  Refusal was encountered at a depth of 

about 11 feet in boring B-3(OW), likely on a cobble or boulder on the surface of the natural 

glacial outwash deposit.  The natural glacial outwash deposit was observed to extend to the 

bottoms of borings B-1, B-2, B-4, and B-5 at depths of 11.5 to 27 feet below the existing 

ground surface.   

 

Groundwater was not observed in the groundwater monitoring well installed within the 

completed borehole B-4(OW), which extended to about 15.2 feet below the existing ground 

surface.  Further, groundwater was not observed within the borings at depths of up to 27 

feet.  However, it is anticipated that future groundwater levels across the site may vary 

from those reported herein due to factors such as normal seasonal changes, periods of 

heavy precipitation, and alterations of existing drainage patterns. 
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Existing Foundation Conditions 

 

Detailed descriptions of the existing foundation conditions encountered within the test pit 

explorations are documented on the logs contained in Appendix C.  Photos of the test pits 

are provided in Appendix D.  Based on these explorations, the following is a brief description 

of the generalized foundation conditions encountered at the west side of the existing 

building. 

 

Within test pit TP-1, the bottom of the existing foundations were encountered at about 

Elevation +61.2 on the south side of the test pit and about Elevation +59.7 on the east side 

of the test pit.  On the south side of the test pit, the concrete footing was observed to 

extend outward from the wall approximately 9 inches, with a height varying from about 6 to 

12 inches.  On the west side of the test pit, the lower 4 feet of the foundation wall stepped 

inward approximately 12 inches and appeared to be earth-formed.  The foundation was 

observed to bear on a granular fill material. 

 

Test pit TP-2 was performed adjacent to a column which was approximately 34.5 inches in 

width, and was supported on a footing extending to a depth of about 7 feet below the 

existing ground surface, corresponding to about Elevation +56.4.  The footing was observed 

to consist of concrete and extended outward from the column approximately 3 inches with a 

height of about 16 inches.  The bearing soils underlying the footing were not observed in 

the test pit. 

 

Within test pit TP-3, performed at the northwest corner of the existing building, the bottom 

of the existing footing was observed to extend to a depth of about 6 feet below the existing 

ground surface, corresponding to about Elevation +57.8.  The footing was observed to 

extend outward from the wall approximately 8 to 13 inches.  Also, a portion of the footing 

appeared to be earth-formed.  The foundation was observed to bear on a granular fill 

material. 

 

Access limitations constrained the test pits from extending to the depth of the natural glacial 

outwash deposit. 

 

 

Foundation Design Recommendations 

 

Based on the scope of the proposed construction and the subsurface conditions encountered 

at the site, it is recommended that foundation support for the proposed addition consist of 

conventional spread footings in conjunction with a soil-supported slab-on-grade.  The 

foundations should bear directly on the natural, undisturbed glacial outwash deposit, or on 

compacted structural fill placed directly over the natural, undisturbed glacial outwash 

deposit after removal of all existing surface treatments and fill within the footprints of the 

proposed footings and to the lateral extent defined herein. 

 

The footings should be proportioned utilizing a maximum allowable design bearing pressure 

of 3 tons per square-foot.  All foundations should be designed in accordance with the 8th 
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Edition of the Massachusetts State Building Code (Code).  Recommended minimum footing 

widths for continuous and isolated spread footings are 24 and 36-inches, respectively. 

 

All perimeter foundations and interior foundations located adjacent to unheated areas 

should be provided with a minimum 4-foot thickness of soil cover as frost protection.  

Interior footings below heated areas should be located such that the top of the foundation 

concrete is at least 6 inches below the underside of the lowest level slab.  

 

The bottoms of all footings should be located such that they are below a theoretical line 

drawn upward and outward at 2 to 1 (horizontal to vertical) from the bottom exterior edge 

of adjacent foundations and utilities.  Where the new foundations are located immediately 

adjacent to existing foundations, the bottom of the new foundations should extend to the 

same elevation as the existing foundations. 

 

Preparation of the subgrade for support of the spread footings should include the removal of 

all surface treatments and fill below the proposed footings down to the surface of the 

natural glacial outwash deposit.  In areas where the existing fill extends deeper than the 

proposed bottom of footing elevation, compacted structural fill should be placed from the 

surface of the natural glacial outwash deposit to the proposed bottom of footing elevation.  

The lateral limits of the excavation for footings supported on structural fill should extend 

beyond the outside edge of the footing a horizontal distance equal to the distance between 

the bottom of the proposed footing and the surface of the underlying natural glacial outwash 

deposit, plus two feet in every plan direction.   

 

Structural fill may consist of suitable excavated on-site fill, glacial outwash, or an imported 

gravel fill containing less than 8 percent passing the No. 200 sieve.  All structural fill placed 

for support of the spread footings should be placed in lifts having a compacted thickness of 

6 inches and be compacted to a minimum of 95 percent of its maximum modified Proctor 

dry density.  Reuse of the on-site soils as structural fill will require special measures to 

maximize their reuse as discussed in more detail in the "Foundation Construction 

Considerations" section of this report.  Placement and compaction of structural fill should be 

monitored on a full-time basis in accordance with the requirements of the Code. 

 

Where the lateral limits of excavation recommended for structural fill cannot be achieved 

due to proximity to property lines and/or adjacent structures, lean concrete should be 

placed from the surface of the natural glacial outwash deposit to the proposed bottom of 

foundation elevation.  The lateral limits of the excavation for portions of the foundation 

supported on lean concrete should extend beyond the outside edge of the foundation a 

horizontal distance of at least 6 inches in all plan dimensions.  Lean concrete should have a 

minimum compressive strength of 1,000 pounds per square-inch (psi). 

 

Based on the results of the borings, the surface of the natural glacial outwash deposit was 

encountered at elevations ranging from about +58 to +55.  Therefore, it is anticipated that 

about 1 to 2 feet of overexcavation of the fill deposit to the surface of the natural glacial 

outwash deposit and replacement with structural fill or lean concrete will be required in 

certain areas, particularly on the west end of the proposed addition.   
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The lowest level slab of the proposed addition should be designed as a slab-on-grade 

bearing on the existing fill or natural glacial outwash deposits.  Where the subgrade consists 

of fill, the subgrade should be proofrolled with at least four passes of a 10-ton vibratory 

drum roller.  All soft or compressible areas detected by the proofrolling should be excavated 

and replaced with compacted gravel fill.  

 

The lowest level slab of the proposed addition should be underlain by a polyethylene vapor 

barrier spread across the surface of a 9-inch thickness of compacted 3/4-inch crushed stone 

which is underlain by filter fabric, such as Mirafi 140N, spread across the existing fill or 

natural glacial outwash subgrade.  

 

As the lowest level slab will be located below the existing ground surface, it is recommended 

that the lowest level slab of the proposed addition be provided with underslab and perimeter 

drainage in order to protect against intrusion of groundwater.  The underslab and perimeter 

drainage system should consist of 4-inch diameter perforated PVC pipes having the highest 

invert a minimum of 12 inches below the underside of the lowest level slab.  It is 

recommended that the pipes be surrounded by a minimum 6-inch thickness of 3/4-inch 

crushed stone surrounded by a thickness of filter fabric such as Mirafi 140N, or equivalent. 

All below-grade foundation walls should receive a troweled-on bitumastic damproofing.  A 

prefabricated drainage product, such as Miradrain 6000, should also be installed directly 

against the below-grade perimeter foundation walls and be tied into the perimeter drainage 

system.  

 

The perimeter and underslab drains should be gravity drained to a storm drain line which is 

not subject to surcharge.  Further, all localized depressions in the lowest level slabs 

extending below grade (such as elevator pits, etc.) should be provided with properly tied 

continuous waterstops in all construction joints and metallic waterproofing to protect against 

groundwater intrusion.   

 

Below-grade foundation walls receiving lateral support at the top and bottom (i.e. restrained 

walls) should be designed for a lateral earth pressure corresponding to an equivalent fluid 

density of 60 pounds per cubic-foot.  Similarly, drained cantilevered retaining walls, (i.e. 

receiving no lateral support at the top) should be designed for a lateral earth pressure 

corresponding to an equivalent fluid density of 40 pounds per cubic-foot.  To these values 

must be added the pressures attributable to earthquake forces per Section 1610.2 of the 

Code. 

 

Lateral forces can be considered to be transmitted from the structure to the soil by passive 

pressure against the perimeter foundation walls utilizing an equivalent fluid density of 120 

pounds per cubic foot providing that the foundation walls are designed to resist these 

pressures.  Lateral force can also be considered to be transmitted from the structure to the 

soil by friction on the base of footings using a coefficient of 0.45, to which a safety factor of 

1.5 should be applied. 
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Permeability Test Results and Recommmendations 

 

The results of the constant head, in-situ permeability tests indicate a coefficient of 

permeability (k) in the fill deposit ranging from about 1.1x10-3 to 3.0x10-3 centimeters per 

second (cm/s). 

 

The coefficient of permeability of the fill deposit was also estimated based on laboratory 

grain-size distribution using the Kozeny-Carman formula.  This method involves the use of 

additional parameters such as void ratio and particle shape, which are estimated from the 

boring data and the representative soil samples.  The results of the Kozeny-Carman 

analyses provided an estimated permeability of 6.8x10-4 cm/s in boring B-4(OW) at depths 

of 5.5 to 7.5 feet, and an estimated permeability of 4.0x10-3 cm/s in boring B-5 at depths of 

5 to 6 feet. 

 

Both the results of the in-situ permeability testing and the Kozeny-Carman formula indicate 

values of the coefficient of permeability within published ranges for similar soils.  In 

consideration of the above, a design coefficient of permeability of 5x10-4 cm/s is 

recommended for the fill deposit. 

 

It should be noted that the existing fill deposit is heterogeneous in composition and variable 

in density, thus, it is anticipated that the coefficient of permeability in the fill deposit will be 

highly variable and the results of our permeability testing may not be representative of the 

entire fill deposit.   

 

 

Seismic Design Considerations 

 

For the purposes of determining parameters for structural seismic design, the site is 

considered to be classified as a Site Class D as defined in Section 1613.5.2 of the Code.  

Further, the bearing stratum on the proposed site is not considered to be subject to 

liquefaction during an earthquake based on the criterion of Section 1806.4 of the Code. 

 

 

Foundation Construction Considerations 

 

The primary construction considerations include underpinning, preparation of the foundation 

bearing surfaces, subgrade protection, placement and compaction of structural fill, re-use of 

on-site soils, construction dewatering, and off-site disposal of excess excavated material. 

 

Based on the depths of the existing foundations relative to the anticipated foundation 

depths for the proposed addition, it is not anticipated that underpinning will be required.  

However, should any existing foundations be found to be located above a theoretical line 

drawn upward and outward at 2 to 1 (horizontal to vertical) from the bottom exterior edge 

of new foundations should be underpinned. 
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Footing excavations in the natural glacial outwash deposit should be prepared utilizing a 

smooth-edged or "toothless" excavator bucket to avoid disturbance of the bearing surface, 

or should be hand-cleared of loose and disturbed material.  Immediately following 

excavation to the final bearing surface, a minimum 3-inch thickness of compacted 3/4-inch 

crushed stone should be placed over the subgrade to protect the bearing surface from 

subsequent disturbance. 

 

The excavated fill and glacial outwash soils may be suitable for reuse as structural fill and 

ordinary fill provided that they are maintained in a relatively dry condition and can be 

properly compacted.  Additionally, prior to reusing these soils, it will be necessary to cull out 

all material in excess of 4 inches in its largest dimension.  It is recommended that 

excavated fill and glacial outwash soils intended for reuse be excavated in dry conditions, 

and stockpiles of these soils be protected against increases in moisture content by securely 

covering the stockpiles prior to and during precipitation events.  Therefore, the placement 

and compaction of the excavated fill and glacial outwash soils should be completed during 

relatively dry and non-freezing conditions.  If the excavated fill or glacial outwash soils 

become unsuitable for reuse as structural fill and ordinary fill, these soils should be removed 

from the site and an off-site gravel fill, consisting of a well-graded natural sand and gravel 

with a maximum of 8 percent by weight passing the No. 200 sieve, be used.  Protection of 

all materials from increases in moisture content is considered to be the responsibility of the 

Contractor. 

 

In consideration of the observed depth of the groundwater below the existing ground 

surface, it is not anticipated that significant groundwater control will be required during the 

construction period.  Dewatering by means of conventional sumping should suffice for 

groundwater control during periods of high precipitation.  It is recommended that all 

pumped groundwater be re-charged on-site.  If pumped groundwater cannot be re-charged 

on-site, it would be necessary to dispose of pumped groundwater into a nearby storm drain 

or combined sewer which would require the need for a temporary construction dewatering 

discharge permit. 

 

In consideration of the excavation required for the proposed addition, chemical testing of 

soil samples will be required for off-site soil disposal of excess generated soil.  Off-site 

disposal of excess generated soil should be conducted in accordance with the current 

policies of the Massachusetts Department of Environmental Protection.  Our scope of 

services to date specifically excludes geoenvironmental engineering services pursuant to the 

Massachusetts Oil and Hazardous Materials Release Prevention and Response Act (MGL 

Chapter 21E) and pursuant to the Massachusetts Contingency Plan (310 CMR 40.0000), 

however, these services could be provided by McPhail under separate contract, if required. 

 

 

Final Comments 

 

McPhail has been retained to provide design assistance to the design team during the final 

design phase of this project.  The purpose of this involvement is to review the structural 

foundation drawings and foundation notes for conformance with the recommendations 
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presented herein, and to generate the earthwork specification for inclusion into the Contract 

Documents for construction. 

 

It is recommended that McPhail be retained during the construction period to observe 

footing excavations and the placement and compaction of fill materials in accordance with 

the provisions of the Massachusetts State Building Code and the provisions of the Contract 

Documents.  Our involvement during the construction phase of the work should minimize 

costly delays due to unanticipated field problems since our field engineer would be under 

the direct supervision of our project manager who was responsible for the subsurface 

exploration program and foundation design recommendations documented herein. 

We trust that the above is sufficient for your present requirements.  Should you have any 

questions concerning the recommendations presented herein, please do not hesitate to 

contact us. 

 

 

Very truly yours, 

 

McPHAIL ASSOCIATES, LLC 

 

Scott S. Dennis, P.E. 

 

Ambrose J. Donovan, P.E., L.S.P. 
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TABLE 1

Constant Head Borehole Permeability Tests

 Summary

Congregation Kehillath Israel

Brookline, MA

Project No. 6011

Borehole Test Depth Soil Strata Head Flow Rate, q

(ft) (ft) (cm
3
/s) (cm/s) (ft/day)

B-4(OW) 5 Fill 5.5 4.01 1.14x10
-3

3.2

B-5 5 Fill 5.5 10.6 3.01x10
-3

8.5

Permeability, k

McPhail Associates, LLC Page 1 of 1



 

 

 

 

 

 

 

    

 

 

 

 

 

 

APPENDIX A: 

 
LIMITATIONS 

 

 

 

 

 

 

  

 

 

 

  



 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
LIMITATIONS 

 

 

This report has been prepared on behalf of and for the exclusive use of Kehillath Israel 

for specific application to the proposed addition to the Congregation Kehillath Israel 

building located at 384 Harvard Street in Brookline, Massachusetts in accordance with 

generally accepted soil and geotechnical engineering practices.  No other warranty, 

expressed or implied, is made. 

 

In the event that any changes in nature or design of the proposed construction are 

planned, the conclusions and recommendations contained in this report should not be 

considered valid unless the changes are reviewed and conclusions of this report modified 

or verified in writing by McPhail Associates. 

 

The analyses and recommendations presented in this report are based upon the data 

obtained from the subsurface explorations performed at the approximate locations 

indicated on the enclosed plan.  If variations in the nature and extent of subsurface 

conditions between the widely spaced explorations become evident during the course of 

construction, it will be necessary for a re-evaluation of the recommendations of this 

report to be made after performing on-site observations during the construction period 

and noting the characteristics of any variations. 
 



 

 

 

 

 

 

 

    

 

 

 

 

 

 

APPENDIX B: 

 
BORING LOGS PREPARED BY CARR-DEE CORP. 

 
  



1'

5'

13'

20'

24'

27'

GROUND
SURFACE
+63.2

NO WATER ENCOUNTERED
SIZE OF AUGERS: 3-3/4" I.D., LENGTH: 25'0"
DRILLER: S. DESIMONE, JR., INSPECTOR: S. HILFIKER
DATE STARTED & COMPLETED: 9-18-2015

CONCRETE

COMPACT GRAVELLY SAND,
TRACE SILT, ASH, & CINDERS
(FILL)

VERY DENSE SAND & GRAVEL
(GLACIAL OUTWASH)

COMPACT SAND, TRACE GRAVEL
(GLACIAL OUTWASH)

COMPACT SILT, TRACE SAND &
CLAY

VERY DENSE SAND, SOME
GRAVEL, TRACE SILT
(GLACIAL OUTWASH)

  S#1,  1' to 3'
       (10-9-6-6)
       RECOVERED 14 in.

  S#2,  5' to 7'
       (20-33-29-36)
       RECOVERED 10 in.

  S#3,  10' to 10'5"
       (100/5")
       RECOVERED 2 in.

  S#4,  15' to 17'
       (10-12-13-14)
       RECOVERED 16 in.

  S#5,  20' to 22'
       (12-9-12-5)
       RECOVERED 20 in.

  S#6,  25' to 27'
       (10-33-40-68)
       RECOVERED 6 in.

CARR-DEE CORP.
37 LINDEN STREET MEDFORD, MA  02155-0001 Telephone (781) 391-4500
To: MCPHAIL ASSOC., 2269 MASS. AVE., CAMBRIDGE, MA Date: 9-21-2015 Job No.: 2015-132

Location: 384 HARVARD STREET, BROOKLINE, MA Scale: 1 in.= 4 ft.

BORING 1

All samples have been visually classified by DRILLER. Unless otherwise specified, water levels noted were observed at completion
of borings, and do not necessarily represent permanent ground water levels.  Figures in parenthesis indicate the number of blows
required to drive Two-inch Split Sampler 6 inches using 140 lb. weight falling 30 inches(±).  Figures in column to left
(if noted) indicate number of blows to drive casing one foot, using 300 lb. weight falling 24 inches (±).

Sheet 1 of 1



6"

5'

13'

20'

22'

GROUND
SURFACE
+63.2

NO WATER ENCOUNTERED
SIZE OF AUGERS: 3-3/4" I.D., LENGTH: 20'0"
DRILLER: S. DESIMONE, JR., INSPECTOR: S. HILFIKER
DATE STARTED & COMPLETED: 9-18-2015

CONCRETE

COMPACT GRAVELLY SAND,
TRACE SILT, ASH, & CINDERS
(FILL)

VERY DENSE SAND, GRAVEL,
COBBLES
(GLACIAL OUTWASH)

DENSE SAND, TRACE SILT,
GRAVEL
(GLACIAL OUTWASH)

DESNE SILT, SOME SAND

  S#1,  6" to 2'6"
       (7-8-11-10)
       RECOVERED 8 in.

  S#2,  5' to 7'
       (10-21-30-28)
       RECOVERED 10 in.

  S#3,  10' to 12'
       (50-51-39-37)
       RECOVERED 12 in.

  S#4,  15' to 17'
       (15-13-17-23)
       RECOVERED 16 in.

  S#5,  20' to 22'
       (10-13-24-23)
       RECOVERED 20 in.

CARR-DEE CORP.
37 LINDEN STREET MEDFORD, MA  02155-0001 Telephone (781) 391-4500
To: MCPHAIL ASSOC., 2269 MASS. AVE., CAMBRIDGE, MA Date: 9-21-2015 Job No.: 2015-132

Location: 384 HARVARD STREET, BROOKLINE, MA Scale: 1 in.= 4 ft.

BORING 2

All samples have been visually classified by DRILLER. Unless otherwise specified, water levels noted were observed at completion
of borings, and do not necessarily represent permanent ground water levels.  Figures in parenthesis indicate the number of blows
required to drive Two-inch Split Sampler 6 inches using 140 lb. weight falling 30 inches(±).  Figures in column to left
(if noted) indicate number of blows to drive casing one foot, using 300 lb. weight falling 24 inches (±).
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11'

GROUND
SURFACE
+66.0

                - R E F U S A L -
(NO PENETRATION WITH AUGERS)
NO WATER ENCOUNTERED
SIZE OF AUGERS: 3-3/4" I.D., LENGTH: 11'0"
DRILLER: S. DESIMONE, JR., INSPECTOR: S. HILFIKER
DATE STARTED & COMPLETED: 9-16-2015

SAND, GRAVEL, NUMEROUS
COBBLES
(FILL)

  S#1,  0' to 2'
       (12-15-16-26)
       RECOVERED 13 in.

  S#2,  5' to 7'
       (11-33-27-30)
       RECOVERED 11 in.

  S#3,  10' to 11'
       (54-98-100/0")
       RECOVERED 0 in.

CARR-DEE CORP.
37 LINDEN STREET MEDFORD, MA  02155-0001 Telephone (781) 391-4500
To: MCPHAIL ASSOC., 2269 MASS. AVE., CAMBRIDGE, MA Date: 9-21-2015 Job No.: 2015-132

Location: 384 HARVARD STREET, BROOKLINE, MA Scale: 1 in.= 4 ft.

BORING 3

All samples have been visually classified by DRILLER. Unless otherwise specified, water levels noted were observed at completion
of borings, and do not necessarily represent permanent ground water levels.  Figures in parenthesis indicate the number of blows
required to drive Two-inch Split Sampler 6 inches using 140 lb. weight falling 30 inches(±).  Figures in column to left
(if noted) indicate number of blows to drive casing one foot, using 300 lb. weight falling 24 inches (±).
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8'

15'6"

GROUND
SURFACE
+64.9

                - R E F U S A L -
(NO PENETRATION WITH ROLLER BIT)
NO WATER ENCOUNTERED
SIZE OF CASINGS: NW, LENGTH: 15'0"
DRILLER: S. DESIMONE, JR., INSPECTOR: S. HILFIKER
DATE STARTED & COMPLETED: 9-17-2015

DENSE SAND & GRAVEL TO
SILTY SAND, TRACE ORGANICS
(FILL)

VERY DENSE SAND & GRAVEL
(GLACIAL OUTWASH)

  S#1,  0' to 2'
       (5-7-31-27)
       RECOVERED 20 in.

  S#2,  5'6" to 7'6"
       (28-16-16-22)
       RECOVERED 10 in.

  S#3,  10' to 12'
       (18-28-51-61)
       RECOVERED 14 in.

  S#4,  15' to 15'2"
       (100/2")
       RECOVERED 0 in.

FLUSH MOUNT COVER
CONCRETE SEAL
WELL SAND

10' (2") PVC SCREEN

ENDCAP

CARR-DEE CORP.
37 LINDEN STREET MEDFORD, MA  02155-0001 Telephone (781) 391-4500
To: MCPHAIL ASSOC., 2269 MASS. AVE., CAMBRIDGE, MA Date: 9-21-2015 Job No.: 2015-132

Location: 384 HARVARD STREET, BROOKLINE, MA Scale: 1 in.= 4 ft.

BORING 4

All samples have been visually classified by DRILLER. Unless otherwise specified, water levels noted were observed at completion
of borings, and do not necessarily represent permanent ground water levels.  Figures in parenthesis indicate the number of blows
required to drive Two-inch Split Sampler 6 inches using 140 lb. weight falling 30 inches(±).  Figures in column to left
(if noted) indicate number of blows to drive casing one foot, using 300 lb. weight falling 24 inches (±).
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9'

12'

GROUND
SURFACE
+64.5

NO WATER ENCOUNTERED
SIZE OF CASINGS: NW, LENGTH: 8'0"
DRILLER: S. DESIMONE, JR., INSPECTOR: S. HILFIKER
DATE STARTED & COMPLETED: 9-17-2015

SAND, GRAVEL NUMEROUS
COBBLE (FILL)

VERY DENSE SAND, GRAVEL &
COBBLES
(GLACIAL OUTWASH)

  S#1,  0' to 2'
       (11-37-22-12)
       RECOVERED 12 in.

  S#2,  5' to 6'3"
       (62-53-100/3)
       RECOVERED 6 in.

  S#3,  10' to 12'
       (50-75-64-61)
       RECOVERED 16 in.

CARR-DEE CORP.
37 LINDEN STREET MEDFORD, MA  02155-0001 Telephone (781) 391-4500
To: MCPHAIL ASSOC., 2269 MASS. AVE., CAMBRIDGE, MA Date: 9-21-2015 Job No.: 2015-132

Location: 384 HARVARD STREET, BROOKLINE, MA Scale: 1 in.= 4 ft.

BORING 5

All samples have been visually classified by DRILLER. Unless otherwise specified, water levels noted were observed at completion
of borings, and do not necessarily represent permanent ground water levels.  Figures in parenthesis indicate the number of blows
required to drive Two-inch Split Sampler 6 inches using 140 lb. weight falling 30 inches(±).  Figures in column to left
(if noted) indicate number of blows to drive casing one foot, using 300 lb. weight falling 24 inches (±).
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APPENDIX C: 

 
TEST PIT LOGS PREPARED BY McPHAIL ASSOCIATES, LLC 

 

 

  















 

 

 

 

 

 

 

    

 

 

 

 

 

 

APPENDIX D: 

 
TEST PIT PHOTOS PREPARED BY McPHAIL ASSOCIATES, LLC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
    

 
 
 
 

 
 

Test Pit TP-1 
 

 
 

Test Pit TP-2 

 



 
 
 
 
 
 
 
    

 
 
 
 

 
 

Test Pit TP-3 

 

  
 

Test Pit TP-3 
 



 

 

 

 

 

 

 

    

 

 

 

 

 

 

APPENDIX E: 

 
CONSTANT HEAD TESTING RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CONSTANT HEAD

BOREHOLE PERMEABILITY TEST
Field Data

Borehole: B-4 (OW) Project: Congregation Kehillath Israel

Test Depth: 5 feet Project No. 6011

Casing Radius: 1.5 inch Driller: Carr-Dee Corp.

Head (h): 5.5 feet Engineer: Steven Hilfiker

Soil Strata: Fill Date: 9/17/2015

Water Volume Elapsed Time Time Flow

Increment Time Increment Increment Rate, q Permeability, k

(cm
3
) (h:m:s) (h:m:s) (s) (cm

3
/s) (cm/s)

230 0:00:45 0:00:45 45 5.11E+00 1.45E-03

275 0:01:35 0:00:50 50 5.50E+00 1.57E-03

265 0:02:45 0:01:10 70 3.79E+00 1.08E-03

295 0:03:55 0:01:10 70 4.21E+00 1.20E-03

260 0:04:50 0:00:55 55 4.73E+00 1.35E-03

265 0:05:50 0:01:00 60 4.42E+00 1.26E-03

270 0:06:45 0:00:55 55 4.91E+00 1.40E-03

325 0:08:05 0:01:20 80 4.06E+00 1.16E-03

260 0:09:05 0:01:00 60 4.33E+00 1.23E-03

260 0:10:00 0:00:55 55 4.73E+00 1.35E-03

260 0:11:00 0:01:00 60 4.33E+00 1.23E-03

250 0:11:55 0:00:55 55 4.55E+00 1.29E-03

270 0:13:10 0:01:15 75 3.60E+00 1.02E-03

350 0:14:35 0:01:25 85 4.12E+00 1.17E-03

300 0:15:45 0:01:10 70 4.29E+00 1.22E-03

280 0:17:00 0:01:15 75 3.73E+00 1.06E-03

380 0:18:40 0:01:40 100 3.80E+00 1.08E-03

315 0:19:40 0:01:00 60 5.25E+00 1.49E-03

250 0:20:35 0:00:55 55 4.55E+00 1.29E-03

280 0:21:55 0:01:20 80 3.50E+00 9.96E-04

290 0:23:15 0:01:20 80 3.63E+00 1.03E-03

260 0:24:35 0:01:20 80 3.25E+00 9.25E-04

200 0:25:35 0:01:00 60 3.33E+00 9.49E-04

200 0:26:35 0:01:00 60 3.33E+00 9.49E-04

220 0:27:45 0:01:10 70 3.14E+00 8.95E-04

200 0:28:45 0:01:00 60 3.33E+00 9.49E-04

240 0:30:10 0:01:25 85 2.82E+00 8.04E-04

7250 0:30:10 0:30:10 1810 4.01E+00 1.14E-03
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CONSTANT HEAD

BOREHOLE PERMEABILITY TEST
Field Data

Borehole: B-5 (OW) Project: Congregation Kehillath Israel

Test Depth: 5 feet Project No. 6011

Casing Radius: 1.5 inch Driller: Carr-Dee Corp.

Head (h): 5.5 feet Engineer: Steven Hilfiker

Soil Strata: Fill Date: 9/17/2015

Water Volume Elapsed Time Time Flow

Increment Time Increment Increment Rate, q Permeability, k

(cm
3
) (h:m:s) (h:m:s) (s) (cm

3
/s) (cm/s)

430 0:00:25 0:00:25 25 1.72E+01 4.90E-03

610 0:01:10 0:00:45 45 1.36E+01 3.86E-03

420 0:01:44 0:00:34 34 1.24E+01 3.52E-03

470 0:02:19 0:00:35 35 1.34E+01 3.82E-03

380 0:02:49 0:00:30 30 1.27E+01 3.61E-03

395 0:03:20 0:00:31 31 1.27E+01 3.63E-03

430 0:03:56 0:00:36 36 1.19E+01 3.40E-03

410 0:04:31 0:00:35 35 1.17E+01 3.33E-03

410 0:05:06 0:00:35 35 1.17E+01 3.33E-03

400 0:05:41 0:00:35 35 1.14E+01 3.25E-03

410 0:06:16 0:00:35 35 1.17E+01 3.33E-03

340 0:06:45 0:00:29 29 1.17E+01 3.34E-03

405 0:07:20 0:00:35 35 1.16E+01 3.29E-03

410 0:07:55 0:00:35 35 1.17E+01 3.33E-03

365 0:08:30 0:00:35 35 1.04E+01 2.97E-03

380 0:09:05 0:00:35 35 1.09E+01 3.09E-03

390 0:09:40 0:00:35 35 1.11E+01 3.17E-03

390 0:10:15 0:00:35 35 1.11E+01 3.17E-03

375 0:10:50 0:00:35 35 1.07E+01 3.05E-03

380 0:11:25 0:00:35 35 1.09E+01 3.09E-03

360 0:12:00 0:00:35 35 1.03E+01 2.93E-03

390 0:12:37 0:00:37 37 1.05E+01 3.00E-03

370 0:13:13 0:00:36 36 1.03E+01 2.93E-03

350 0:13:48 0:00:35 35 1.00E+01 2.85E-03

380 0:14:23 0:00:35 35 1.09E+01 3.09E-03

350 0:14:58 0:00:35 35 1.00E+01 2.85E-03

350 0:15:33 0:00:35 35 1.00E+01 2.85E-03

390 0:16:13 0:00:40 40 9.75E+00 2.78E-03

330 0:16:48 0:00:35 35 9.43E+00 2.68E-03

355 0:17:23 0:00:35 35 1.01E+01 2.89E-03

350 0:17:58 0:00:35 35 1.00E+01 2.85E-03

320 0:18:33 0:00:35 35 9.14E+00 2.60E-03

330 0:19:08 0:00:35 35 9.43E+00 2.68E-03

350 0:19:45 0:00:37 37 9.46E+00 2.69E-03

350 0:20:24 0:00:39 39 8.97E+00 2.55E-03
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CONSTANT HEAD

BOREHOLE PERMEABILITY TEST
Field Data

Water Volume Elapsed Time Time Flow

Increment Time Increment Increment Rate, q Permeability, k

(cm
3
) (h:m:s) (h:m:s) (s) (cm

3
/s) (cm/s)

330 0:20:59 0:00:35 35 9.43E+00 2.68E-03

290 0:21:34 0:00:35 35 8.29E+00 2.36E-03

360 0:22:14 0:00:40 40 9.00E+00 2.56E-03

310 0:22:49 0:00:35 35 8.86E+00 2.52E-03

320 0:23:24 0:00:35 35 9.14E+00 2.60E-03

300 0:23:59 0:00:35 35 8.57E+00 2.44E-03

300 0:24:34 0:00:35 35 8.57E+00 2.44E-03

300 0:25:09 0:00:35 35 8.57E+00 2.44E-03

300 0:25:44 0:00:35 35 8.57E+00 2.44E-03

16335 0:25:44 0:25:44 1544 1.06E+01 3.01E-03

McPhail Associates, LLC Page 4 of 5



JCHE at CONGREGATION KEHILLATH ISRAEL – PROPOSED REDEVELOPMENT 
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EX1

Site Area 1

DP1

Closed System at
 Harvard/Williams St.

Routing Diagram for JCHE KI_Existing
Prepared by Stantec Consulting Ltd.,  Printed 10/20/2016

HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 2HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.098 61 >75% Grass cover, Good, HSG B  (EX1)
0.153 98 Paved parking, HSG B  (EX1)
0.191 98 Roofs, HSG B  (EX1)
0.442 90 TOTAL AREA



JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 3HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.442 HSG B EX1
0.000 HSG C
0.000 HSG D
0.000 Other
0.442 TOTAL AREA



JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 4HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.098 0.000 0.000 0.000 0.098 >75% Grass cover, Good EX1
0.000 0.153 0.000 0.000 0.000 0.153 Paved parking EX1
0.000 0.191 0.000 0.000 0.000 0.191 Roofs EX1
0.000 0.442 0.000 0.000 0.000 0.442 TOTAL AREA



Type III 24-hr  2-Yr Rainfall=3.20"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 5HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=19,264 sf   77.80% Impervious   Runoff Depth=2.17"Subcatchment EX1: Site Area 1
   Tc=5.0 min   CN=90   Runoff=1.15 cfs  0.080 af

   Inflow=1.15 cfs  0.080 afReach DP1: Closed System at Harvard/Williams St.
   Outflow=1.15 cfs  0.080 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.080 af   Average Runoff Depth = 2.17"
22.20% Pervious = 0.098 ac     77.80% Impervious = 0.344 ac



Type III 24-hr  2-Yr Rainfall=3.20"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 6HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment EX1: Site Area 1

Runoff = 1.15 cfs @ 12.07 hrs,  Volume= 0.080 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
6,650 98 Paved parking, HSG B
8,338 98 Roofs, HSG B
4,276 61 >75% Grass cover, Good, HSG B

19,264 90 Weighted Average
4,276 22.20% Pervious Area

14,988 77.80% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX1: Site Area 1

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

1

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=19,264 sf
Runoff Volume=0.080 af

Runoff Depth=2.17"
Tc=5.0 min

CN=90

1.15 cfs



Type III 24-hr  2-Yr Rainfall=3.20"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.
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Summary for Reach DP1: Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 77.80% Impervious,  Inflow Depth = 2.17"    for  2-Yr event
Inflow = 1.15 cfs @ 12.07 hrs,  Volume= 0.080 af
Outflow = 1.15 cfs @ 12.07 hrs,  Volume= 0.080 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs

Reach DP1: Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

1

0

Inflow Area=0.442 ac
1.15 cfs

1.15 cfs



Type III 24-hr  10-Yr Rainfall=4.60"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=19,264 sf   77.80% Impervious   Runoff Depth=3.49"Subcatchment EX1: Site Area 1
   Tc=5.0 min   CN=90   Runoff=1.82 cfs  0.129 af

   Inflow=1.82 cfs  0.129 afReach DP1: Closed System at Harvard/Williams St.
   Outflow=1.82 cfs  0.129 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.129 af   Average Runoff Depth = 3.49"
22.20% Pervious = 0.098 ac     77.80% Impervious = 0.344 ac



Type III 24-hr  10-Yr Rainfall=4.60"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.
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Summary for Subcatchment EX1: Site Area 1

Runoff = 1.82 cfs @ 12.07 hrs,  Volume= 0.129 af,  Depth= 3.49"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
6,650 98 Paved parking, HSG B
8,338 98 Roofs, HSG B
4,276 61 >75% Grass cover, Good, HSG B

19,264 90 Weighted Average
4,276 22.20% Pervious Area

14,988 77.80% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX1: Site Area 1

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=19,264 sf
Runoff Volume=0.129 af

Runoff Depth=3.49"
Tc=5.0 min

CN=90

1.82 cfs



Type III 24-hr  10-Yr Rainfall=4.60"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.
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Summary for Reach DP1: Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 77.80% Impervious,  Inflow Depth = 3.49"    for  10-Yr event
Inflow = 1.82 cfs @ 12.07 hrs,  Volume= 0.129 af
Outflow = 1.82 cfs @ 12.07 hrs,  Volume= 0.129 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs

Reach DP1: Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Inflow Area=0.442 ac
1.82 cfs

1.82 cfs



Type III 24-hr  25-Yr Rainfall=5.50"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=19,264 sf   77.80% Impervious   Runoff Depth=4.36"Subcatchment EX1: Site Area 1
   Tc=5.0 min   CN=90   Runoff=2.25 cfs  0.161 af

   Inflow=2.25 cfs  0.161 afReach DP1: Closed System at Harvard/Williams St.
   Outflow=2.25 cfs  0.161 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.161 af   Average Runoff Depth = 4.36"
22.20% Pervious = 0.098 ac     77.80% Impervious = 0.344 ac



Type III 24-hr  25-Yr Rainfall=5.50"JCHE KI_Existing
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.
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Summary for Subcatchment EX1: Site Area 1

Runoff = 2.25 cfs @ 12.07 hrs,  Volume= 0.161 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
6,650 98 Paved parking, HSG B
8,338 98 Roofs, HSG B
4,276 61 >75% Grass cover, Good, HSG B

19,264 90 Weighted Average
4,276 22.20% Pervious Area

14,988 77.80% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX1: Site Area 1

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=19,264 sf
Runoff Volume=0.161 af

Runoff Depth=4.36"
Tc=5.0 min

CN=90

2.25 cfs
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Summary for Reach DP1: Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 77.80% Impervious,  Inflow Depth = 4.36"    for  25-Yr event
Inflow = 2.25 cfs @ 12.07 hrs,  Volume= 0.161 af
Outflow = 2.25 cfs @ 12.07 hrs,  Volume= 0.161 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs

Reach DP1: Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

2

1

0

Inflow Area=0.442 ac
2.25 cfs

2.25 cfs
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=19,264 sf   77.80% Impervious   Runoff Depth=5.43"Subcatchment EX1: Site Area 1
   Tc=5.0 min   CN=90   Runoff=2.76 cfs  0.200 af

   Inflow=2.76 cfs  0.200 afReach DP1: Closed System at Harvard/Williams St.
   Outflow=2.76 cfs  0.200 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.200 af   Average Runoff Depth = 5.43"
22.20% Pervious = 0.098 ac     77.80% Impervious = 0.344 ac
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Summary for Subcatchment EX1: Site Area 1

Runoff = 2.76 cfs @ 12.07 hrs,  Volume= 0.200 af,  Depth= 5.43"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
6,650 98 Paved parking, HSG B
8,338 98 Roofs, HSG B
4,276 61 >75% Grass cover, Good, HSG B

19,264 90 Weighted Average
4,276 22.20% Pervious Area

14,988 77.80% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment EX1: Site Area 1

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

3

2

1

0

Type III 24-hr
100-Yr Rainfall=6.60"

Runoff Area=19,264 sf
Runoff Volume=0.200 af

Runoff Depth=5.43"
Tc=5.0 min

CN=90

2.76 cfs
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Summary for Reach DP1: Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 77.80% Impervious,  Inflow Depth = 5.43"    for  100-Yr event
Inflow = 2.76 cfs @ 12.07 hrs,  Volume= 0.200 af
Outflow = 2.76 cfs @ 12.07 hrs,  Volume= 0.200 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs

Reach DP1: Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

3

2

1

0

Inflow Area=0.442 ac
2.76 cfs

2.76 cfs
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.093 61 >75% Grass cover, Good, HSG B  (PR1, PR4, PR5, PR6)
0.015 98 Paved parking, HSG B  (PR7)
0.046 98 Porous Pavers, HSG B  (PR4, PR5, PR6)
0.004 98 Retainaing Wall, HSG B  (PR5)
0.003 98 Retaining Walls  (PR4)
0.275 98 Roofs, HSG B  (PR1A, PR1B, PR2, PR3)
0.001 98 Walkway, HSG B  (PR4)
0.006 98 Walkways, Walls, Misc.  (PR6)
0.442 90 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.434 HSG B PR1, PR1A, PR1B, PR2, PR3, PR4, PR5, PR6, PR7
0.000 HSG C
0.000 HSG D
0.009 Other PR4, PR6
0.442 TOTAL AREA
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Ground Covers (all nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 0.093 0.000 0.000 0.000 0.093 >75% Grass cover, Good PR1, 
PR4, 
PR5, PR6

0.000 0.015 0.000 0.000 0.000 0.015 Paved parking PR7
0.000 0.046 0.000 0.000 0.000 0.046 Porous Pavers PR4, 

PR5, PR6
0.000 0.004 0.000 0.000 0.000 0.004 Retainaing Wall PR5
0.000 0.000 0.000 0.000 0.003 0.003 Retaining Walls PR4
0.000 0.275 0.000 0.000 0.000 0.275 Roofs PR1A, 

PR1B, 
PR2, PR3

0.000 0.001 0.000 0.000 0.000 0.001 Walkway PR4
0.000 0.000 0.000 0.000 0.006 0.006 Walkways, Walls, Misc. PR6
0.000 0.434 0.000 0.000 0.009 0.442 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node
Number

In-Invert
(feet)

Out-Invert
(feet)

Length
(feet)

Slope
(ft/ft)

n Diam/Width
(inches)

Height
(inches)

Inside-Fill
(inches)

1 1P 60.70 60.65 8.0 0.0063 0.013 6.0 0.0 0.0
2 2P 61.00 60.00 65.0 0.0154 0.013 12.0 0.0 0.0
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points x 2
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2,143 sf   0.00% Impervious   Runoff Depth=0.44"Subcatchment PR1: 1st Floor Green Roof
   Tc=5.0 min   CN=61   Runoff=0.02 cfs  0.002 af

Runoff Area=396 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment PR1A: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.03 cfs  0.002 af

Runoff Area=416 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment PR1B: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.03 cfs  0.002 af

Runoff Area=2,135 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment PR2: 2nd Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.16 cfs  0.012 af

Runoff Area=9,029 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment PR3: 6th Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.67 cfs  0.051 af

Runoff Area=1,951 sf   58.69% Impervious   Runoff Depth=1.61"Subcatchment PR4: Courtyard
   Tc=5.0 min   CN=83   Runoff=0.09 cfs  0.006 af

Runoff Area=1,433 sf   73.83% Impervious   Runoff Depth=2.00"Subcatchment PR5: Plaza
   Tc=5.0 min   CN=88   Runoff=0.08 cfs  0.005 af

Runoff Area=1,106 sf   35.62% Impervious   Runoff Depth=1.04"Subcatchment PR6: Swale Area along 
   Tc=5.0 min   CN=74   Runoff=0.03 cfs  0.002 af

Runoff Area=655 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment PR7: Loading Dock
   Tc=5.0 min   CN=98   Runoff=0.05 cfs  0.004 af

   Inflow=0.08 cfs  0.005 afReach DP1: Exist. Closed System at Harvard/Williams St.
   Outflow=0.08 cfs  0.005 af

Peak Elev=58.88'  Storage=978 cf   Inflow=0.92 cfs  0.048 afPond 1P: Underground Infiltration/Storage
   Discarded=0.07 cfs  0.048 af   Primary=0.00 cfs  0.000 af   Outflow=0.07 cfs  0.048 af

Peak Elev=63.64'   Inflow=0.67 cfs  0.051 afPond 2P: Outlet Control Structure
   Primary=0.11 cfs  0.032 af   Secondary=0.55 cfs  0.020 af   Outflow=0.67 cfs  0.051 af

Peak Elev=63.50'  Storage=547 cf   Inflow=0.14 cfs  0.034 afPond 3P: Bioswale
   Discarded=0.02 cfs  0.034 af   Primary=0.00 cfs  0.000 af   Outflow=0.02 cfs  0.034 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.087 af   Average Runoff Depth = 2.37"
20.95% Pervious = 0.093 ac     79.05% Impervious = 0.350 ac



Type III 24-hr  2-Yr Rainfall=3.20"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 7HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment PR1: 1st Floor Green Roof

Runoff = 0.02 cfs @ 12.11 hrs,  Volume= 0.002 af,  Depth= 0.44"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
2,143 61 >75% Grass cover, Good, HSG B
2,143 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1: 1st Floor Green Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.018
0.017
0.016
0.015

0.014
0.013
0.012
0.011

0.01
0.009
0.008
0.007

0.006
0.005
0.004
0.003

0.002
0.001

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=2,143 sf
Runoff Volume=0.002 af

Runoff Depth=0.44"
Tc=5.0 min

CN=61

0.02 cfs
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Summary for Subcatchment PR1A: 1st Floor Roof

Runoff = 0.03 cfs @ 12.07 hrs,  Volume= 0.002 af,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
396 98 Roofs, HSG B
396 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1A: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.032

0.03

0.028

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=396 sf
Runoff Volume=0.002 af

Runoff Depth=2.97"
Tc=5.0 min

CN=98

0.03 cfs
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Summary for Subcatchment PR1B: 1st Floor Roof

Runoff = 0.03 cfs @ 12.07 hrs,  Volume= 0.002 af,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
416 98 Roofs, HSG B
416 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1B: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.034

0.032

0.03

0.028

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=416 sf
Runoff Volume=0.002 af

Runoff Depth=2.97"
Tc=5.0 min

CN=98

0.03 cfs
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Summary for Subcatchment PR2: 2nd Floor Roof

Runoff = 0.16 cfs @ 12.07 hrs,  Volume= 0.012 af,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
2,135 98 Roofs, HSG B
2,135 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR2: 2nd Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=2,135 sf
Runoff Volume=0.012 af

Runoff Depth=2.97"
Tc=5.0 min

CN=98

0.16 cfs
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Summary for Subcatchment PR3: 6th Floor Roof

Runoff = 0.67 cfs @ 12.07 hrs,  Volume= 0.051 af,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
9,029 98 Roofs, HSG B
9,029 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR3: 6th Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=9,029 sf
Runoff Volume=0.051 af

Runoff Depth=2.97"
Tc=5.0 min

CN=98

0.67 cfs
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Summary for Subcatchment PR4: Courtyard

Runoff = 0.09 cfs @ 12.08 hrs,  Volume= 0.006 af,  Depth= 1.61"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
* 992 98 Porous Pavers, HSG B
* 117 98 Retaining Walls

806 61 >75% Grass cover, Good, HSG B
* 36 98 Walkway, HSG B

1,951 83 Weighted Average
806 41.31% Pervious Area

1,145 58.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR4: Courtyard

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.095
0.09

0.085
0.08

0.075
0.07

0.065
0.06

0.055
0.05

0.045
0.04

0.035
0.03

0.025
0.02

0.015
0.01

0.005
0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=1,951 sf
Runoff Volume=0.006 af

Runoff Depth=1.61"
Tc=5.0 min

CN=83

0.09 cfs
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Summary for Subcatchment PR5: Plaza

Runoff = 0.08 cfs @ 12.07 hrs,  Volume= 0.005 af,  Depth= 2.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
* 166 98 Retainaing Wall, HSG B
* 892 98 Porous Pavers, HSG B

375 61 >75% Grass cover, Good, HSG B
1,433 88 Weighted Average

375 26.17% Pervious Area
1,058 73.83% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR5: Plaza

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.085

0.08

0.075

0.07

0.065

0.06

0.055

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=1,433 sf
Runoff Volume=0.005 af

Runoff Depth=2.00"
Tc=5.0 min

CN=88

0.08 cfs
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Summary for Subcatchment PR6: Swale Area along Williams St.

Runoff = 0.03 cfs @ 12.08 hrs,  Volume= 0.002 af,  Depth= 1.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
712 61 >75% Grass cover, Good, HSG B

* 256 98 Walkways, Walls, Misc.
* 138 98 Porous Pavers, HSG B

1,106 74 Weighted Average
712 64.38% Pervious Area
394 35.62% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR6: Swale Area along Williams St.

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.034

0.032

0.03

0.028

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.01

0.008

0.006

0.004

0.002

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=1,106 sf
Runoff Volume=0.002 af

Runoff Depth=1.04"
Tc=5.0 min

CN=74

0.03 cfs
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Summary for Subcatchment PR7: Loading Dock

Runoff = 0.05 cfs @ 12.07 hrs,  Volume= 0.004 af,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  2-Yr Rainfall=3.20"

Area (sf) CN Description
655 98 Paved parking, HSG B
655 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR7: Loading Dock

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Type III 24-hr
2-Yr Rainfall=3.20"

Runoff Area=655 sf
Runoff Volume=0.004 af

Runoff Depth=2.97"
Tc=5.0 min

CN=98

0.05 cfs



Type III 24-hr  2-Yr Rainfall=3.20"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 16HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Summary for Reach DP1: Exist. Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 79.05% Impervious,  Inflow Depth = 0.15"    for  2-Yr event
Inflow = 0.08 cfs @ 12.07 hrs,  Volume= 0.005 af
Outflow = 0.08 cfs @ 12.07 hrs,  Volume= 0.005 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2

Reach DP1: Exist. Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.085

0.08
0.075

0.07

0.065
0.06

0.055

0.05
0.045

0.04

0.035
0.03

0.025

0.02
0.015

0.01

0.005
0

Inflow Area=0.442 ac
0.08 cfs

0.08 cfs
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Summary for Pond 1P: Underground Infiltration/Storage

[87] Warning: Oscillations may require smaller dt or Finer Routing (severity=305)

Inflow Area = 0.177 ac, 61.68% Impervious,  Inflow Depth = 3.26"    for  2-Yr event
Inflow = 0.92 cfs @ 12.07 hrs,  Volume= 0.048 af
Outflow = 0.07 cfs @ 11.70 hrs,  Volume= 0.048 af,  Atten= 92%,  Lag= 0.0 min
Discarded = 0.07 cfs @ 11.70 hrs,  Volume= 0.048 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 58.88' @ 12.71 hrs   Surf.Area= 1,960 sf   Storage= 978 cf
Flood Elev= 61.50'   Surf.Area= 1,960 sf   Storage= 4,446 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 102.4 min ( 863.6 - 761.2 )

Volume Invert Avail.Storage Storage Description
#1A 58.00' 989 cf 35.00'W x 56.00'L x 3.50'H Field A

6,860 cf Overall - 3,564 cf Embedded = 3,296 cf  x 30.0% Voids
#2A 58.50' 3,457 cf StormTank 24W  x 396  Inside #1

Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

4,446 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices
#1 Discarded 58.00' 1.600 in/hr Exfiltration over Surface area   
#2 Primary 60.70' 6.0"  Round Culvert   

L= 8.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 60.70' / 60.65'   S= 0.0063 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.20 sf   

Discarded OutFlow  Max=0.07 cfs @ 11.70 hrs  HW=58.04'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.07 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=58.00'  TW=0.00'   (Dynamic Tailwater)
2=Culvert  ( Controls 0.00 cfs)
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Pond 1P: Underground Infiltration/Storage - Chamber Wizard Field A

Chamber Model = StormTank 24W (Brentwood Industries StormTank in wide rows)
Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

36 Chambers/Row x 1.50' Long = 54.00' Row Length +12.0" End Stone x 2 = 56.00' Base Length
11 Rows x 36.0" Wide + 12.0" Side Stone x 2 = 35.00' Base Width
6.0" Base + 24.0" Chamber Height + 12.0" Cover = 3.50' Field Height

396 Chambers x 8.7 cf = 3,457.1 cf Chamber Storage
396 Chambers x 9.0 cf = 3,564.0 cf Displacement

6,860.0 cf Field - 3,564.0 cf Chambers = 3,296.0 cf Stone x 30.0% Voids = 988.8 cf Stone Storage

Chamber Storage + Stone Storage = 4,445.9 cf = 0.102 af
Overall Storage Efficiency = 64.8%

396 Chambers
254.1 cy Field
122.1 cy Stone
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Pond 1P: Underground Infiltration/Storage

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

1

0

Inflow Area=0.177 ac
Peak Elev=58.88'

Storage=978 cf

0.92 cfs

0.07 cfs
0.07 cfs

0.00 cfs
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Summary for Pond 2P: Outlet Control Structure

Inflow Area = 0.207 ac,100.00% Impervious,  Inflow Depth = 2.97"    for  2-Yr event
Inflow = 0.67 cfs @ 12.07 hrs,  Volume= 0.051 af
Outflow = 0.67 cfs @ 12.07 hrs,  Volume= 0.051 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.11 cfs @ 12.07 hrs,  Volume= 0.032 af
Secondary = 0.55 cfs @ 12.07 hrs,  Volume= 0.020 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.64' @ 12.07 hrs
Flood Elev= 66.00'

Device Routing     Invert Outlet Devices
#1 Primary 63.40' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Secondary 61.00' 12.0"  Round Culvert   

L= 65.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 61.00' / 60.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Device 2 63.52' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=0.11 cfs @ 12.07 hrs  HW=63.64'  TW=63.22'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 0.11 cfs @ 1.67 fps)

Secondary OutFlow  Max=0.55 cfs @ 12.07 hrs  HW=63.64'  TW=58.59'   (Dynamic Tailwater)
2=Culvert  (Passes 0.55 cfs of 5.44 cfs potential flow)

3=Sharp-Crested Rectangular Weir  (Weir Controls 0.55 cfs @ 1.14 fps)

Pond 2P: Outlet Control Structure

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Inflow Area=0.207 ac
Peak Elev=63.64'

0.67 cfs
0.67 cfs

0.11 cfs

0.55 cfs
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Summary for Pond 3P: Bioswale

Inflow Area = 0.233 ac, 92.97% Impervious,  Inflow Depth = 1.74"    for  2-Yr event
Inflow = 0.14 cfs @ 12.07 hrs,  Volume= 0.034 af
Outflow = 0.02 cfs @ 12.16 hrs,  Volume= 0.034 af,  Atten= 83%,  Lag= 5.2 min
Discarded = 0.02 cfs @ 12.16 hrs,  Volume= 0.034 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.50' @ 14.62 hrs   Surf.Area= 660 sf   Storage= 547 cf
Flood Elev= 63.77'   Surf.Area= 660 sf   Storage= 723 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 255.6 min ( 1,031.9 - 776.3 )

Volume Invert Avail.Storage Storage Description
#1 61.51' 743 cf Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Voids Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (%) (cubic-feet) (cubic-feet) (sq-ft)
61.51 132 0.0 0 0 132
62.26 132 30.0 30 30 163
62.27 132 100.0 1 31 163
63.27 660 100.0 362 393 695
63.80 660 100.0 350 743 743

Device Routing     Invert Outlet Devices
#1 Primary 63.77' 11.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

#2 Discarded 61.51' 1.600 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.02 cfs @ 12.16 hrs  HW=63.27'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.02 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=61.51'  TW=0.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 3P: Bioswale

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.16
0.15

0.14

0.13
0.12

0.11
0.1

0.09
0.08

0.07

0.06
0.05

0.04
0.03

0.02
0.01

0

Inflow Area=0.233 ac
Peak Elev=63.50'

Storage=547 cf

0.14 cfs

0.02 cfs
0.02 cfs

0.00 cfs
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points x 2
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2,143 sf   0.00% Impervious   Runoff Depth=1.14"Subcatchment PR1: 1st Floor Green Roof
   Tc=5.0 min   CN=61   Runoff=0.06 cfs  0.005 af

Runoff Area=396 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment PR1A: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.04 cfs  0.003 af

Runoff Area=416 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment PR1B: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.04 cfs  0.003 af

Runoff Area=2,135 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment PR2: 2nd Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.23 cfs  0.018 af

Runoff Area=9,029 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment PR3: 6th Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.97 cfs  0.075 af

Runoff Area=1,951 sf   58.69% Impervious   Runoff Depth=2.81"Subcatchment PR4: Courtyard
   Tc=5.0 min   CN=83   Runoff=0.15 cfs  0.011 af

Runoff Area=1,433 sf   73.83% Impervious   Runoff Depth=3.29"Subcatchment PR5: Plaza
   Tc=5.0 min   CN=88   Runoff=0.13 cfs  0.009 af

Runoff Area=1,106 sf   35.62% Impervious   Runoff Depth=2.05"Subcatchment PR6: Swale Area along 
   Tc=5.0 min   CN=74   Runoff=0.06 cfs  0.004 af

Runoff Area=655 sf   100.00% Impervious   Runoff Depth=4.36"Subcatchment PR7: Loading Dock
   Tc=5.0 min   CN=98   Runoff=0.07 cfs  0.005 af

   Inflow=0.13 cfs  0.009 afReach DP1: Exist. Closed System at Harvard/Williams St.
   Outflow=0.13 cfs  0.009 af

Peak Elev=59.44'  Storage=1,963 cf   Inflow=1.42 cfs  0.085 afPond 1P: Underground Infiltration/Storage
   Discarded=0.07 cfs  0.085 af   Primary=0.00 cfs  0.000 af   Outflow=0.07 cfs  0.085 af

Peak Elev=63.68'   Inflow=0.97 cfs  0.075 afPond 2P: Outlet Control Structure
   Primary=0.14 cfs  0.035 af   Secondary=0.82 cfs  0.040 af   Outflow=0.97 cfs  0.075 af

Peak Elev=63.59'  Storage=605 cf   Inflow=0.20 cfs  0.040 afPond 3P: Bioswale
   Discarded=0.02 cfs  0.040 af   Primary=0.00 cfs  0.000 af   Outflow=0.02 cfs  0.040 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.134 af   Average Runoff Depth = 3.64"
20.95% Pervious = 0.093 ac     79.05% Impervious = 0.350 ac
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Summary for Subcatchment PR1: 1st Floor Green Roof

Runoff = 0.06 cfs @ 12.09 hrs,  Volume= 0.005 af,  Depth= 1.14"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
2,143 61 >75% Grass cover, Good, HSG B
2,143 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1: 1st Floor Green Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.065

0.06

0.055

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=2,143 sf
Runoff Volume=0.005 af

Runoff Depth=1.14"
Tc=5.0 min

CN=61

0.06 cfs
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Summary for Subcatchment PR1A: 1st Floor Roof

Runoff = 0.04 cfs @ 12.07 hrs,  Volume= 0.003 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
396 98 Roofs, HSG B
396 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1A: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.046
0.044
0.042

0.04
0.038
0.036
0.034
0.032

0.03
0.028
0.026
0.024
0.022

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

0

Type III 24-hr
10-Yr Rainfall=4.60"
Runoff Area=396 sf

Runoff Volume=0.003 af
Runoff Depth=4.36"

Tc=5.0 min
CN=98

0.04 cfs



Type III 24-hr  10-Yr Rainfall=4.60"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 26HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Summary for Subcatchment PR1B: 1st Floor Roof

Runoff = 0.04 cfs @ 12.07 hrs,  Volume= 0.003 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
416 98 Roofs, HSG B
416 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1B: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.048
0.046
0.044
0.042

0.04
0.038
0.036
0.034
0.032

0.03
0.028
0.026
0.024
0.022

0.02
0.018
0.016
0.014
0.012

0.01
0.008
0.006
0.004
0.002

0

Type III 24-hr
10-Yr Rainfall=4.60"
Runoff Area=416 sf

Runoff Volume=0.003 af
Runoff Depth=4.36"

Tc=5.0 min
CN=98

0.04 cfs
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Summary for Subcatchment PR2: 2nd Floor Roof

Runoff = 0.23 cfs @ 12.07 hrs,  Volume= 0.018 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
2,135 98 Roofs, HSG B
2,135 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR2: 2nd Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.25
0.24
0.23
0.22
0.21

0.2
0.19
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.11

0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=2,135 sf
Runoff Volume=0.018 af

Runoff Depth=4.36"
Tc=5.0 min

CN=98

0.23 cfs
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Summary for Subcatchment PR3: 6th Floor Roof

Runoff = 0.97 cfs @ 12.07 hrs,  Volume= 0.075 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
9,029 98 Roofs, HSG B
9,029 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR3: 6th Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

1

0

Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=9,029 sf
Runoff Volume=0.075 af

Runoff Depth=4.36"
Tc=5.0 min

CN=98

0.97 cfs
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Summary for Subcatchment PR4: Courtyard

Runoff = 0.15 cfs @ 12.07 hrs,  Volume= 0.011 af,  Depth= 2.81"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
* 992 98 Porous Pavers, HSG B
* 117 98 Retaining Walls

806 61 >75% Grass cover, Good, HSG B
* 36 98 Walkway, HSG B

1,951 83 Weighted Average
806 41.31% Pervious Area

1,145 58.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR4: Courtyard

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf
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0.1
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0

Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=1,951 sf
Runoff Volume=0.011 af

Runoff Depth=2.81"
Tc=5.0 min

CN=83

0.15 cfs
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Summary for Subcatchment PR5: Plaza

Runoff = 0.13 cfs @ 12.07 hrs,  Volume= 0.009 af,  Depth= 3.29"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
* 166 98 Retainaing Wall, HSG B
* 892 98 Porous Pavers, HSG B

375 61 >75% Grass cover, Good, HSG B
1,433 88 Weighted Average

375 26.17% Pervious Area
1,058 73.83% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR5: Plaza

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=1,433 sf
Runoff Volume=0.009 af

Runoff Depth=3.29"
Tc=5.0 min

CN=88

0.13 cfs
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Summary for Subcatchment PR6: Swale Area along Williams St.

Runoff = 0.06 cfs @ 12.08 hrs,  Volume= 0.004 af,  Depth= 2.05"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
712 61 >75% Grass cover, Good, HSG B

* 256 98 Walkways, Walls, Misc.
* 138 98 Porous Pavers, HSG B

1,106 74 Weighted Average
712 64.38% Pervious Area
394 35.62% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR6: Swale Area along Williams St.

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
10-Yr Rainfall=4.60"

Runoff Area=1,106 sf
Runoff Volume=0.004 af

Runoff Depth=2.05"
Tc=5.0 min

CN=74

0.06 cfs
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Summary for Subcatchment PR7: Loading Dock

Runoff = 0.07 cfs @ 12.07 hrs,  Volume= 0.005 af,  Depth= 4.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  10-Yr Rainfall=4.60"

Area (sf) CN Description
655 98 Paved parking, HSG B
655 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR7: Loading Dock

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
10-Yr Rainfall=4.60"
Runoff Area=655 sf

Runoff Volume=0.005 af
Runoff Depth=4.36"

Tc=5.0 min
CN=98

0.07 cfs
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Summary for Reach DP1: Exist. Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 79.05% Impervious,  Inflow Depth = 0.24"    for  10-Yr event
Inflow = 0.13 cfs @ 12.07 hrs,  Volume= 0.009 af
Outflow = 0.13 cfs @ 12.07 hrs,  Volume= 0.009 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2

Reach DP1: Exist. Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.442 ac
0.13 cfs

0.13 cfs
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Summary for Pond 1P: Underground Infiltration/Storage

[87] Warning: Oscillations may require smaller dt or Finer Routing (severity=16)

Inflow Area = 0.177 ac, 61.68% Impervious,  Inflow Depth = 5.80"    for  10-Yr event
Inflow = 1.42 cfs @ 12.07 hrs,  Volume= 0.085 af
Outflow = 0.07 cfs @ 11.49 hrs,  Volume= 0.085 af,  Atten= 95%,  Lag= 0.0 min
Discarded = 0.07 cfs @ 11.49 hrs,  Volume= 0.085 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 59.44' @ 13.81 hrs   Surf.Area= 1,960 sf   Storage= 1,963 cf
Flood Elev= 61.50'   Surf.Area= 1,960 sf   Storage= 4,446 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 232.6 min ( 994.0 - 761.3 )

Volume Invert Avail.Storage Storage Description
#1A 58.00' 989 cf 35.00'W x 56.00'L x 3.50'H Field A

6,860 cf Overall - 3,564 cf Embedded = 3,296 cf  x 30.0% Voids
#2A 58.50' 3,457 cf StormTank 24W  x 396  Inside #1

Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

4,446 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices
#1 Discarded 58.00' 1.600 in/hr Exfiltration over Surface area   
#2 Primary 60.70' 6.0"  Round Culvert   

L= 8.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 60.70' / 60.65'   S= 0.0063 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.20 sf   

Discarded OutFlow  Max=0.07 cfs @ 11.49 hrs  HW=58.04'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.07 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=58.00'  TW=0.00'   (Dynamic Tailwater)
2=Culvert  ( Controls 0.00 cfs)
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Pond 1P: Underground Infiltration/Storage - Chamber Wizard Field A

Chamber Model = StormTank 24W (Brentwood Industries StormTank in wide rows)
Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

36 Chambers/Row x 1.50' Long = 54.00' Row Length +12.0" End Stone x 2 = 56.00' Base Length
11 Rows x 36.0" Wide + 12.0" Side Stone x 2 = 35.00' Base Width
6.0" Base + 24.0" Chamber Height + 12.0" Cover = 3.50' Field Height

396 Chambers x 8.7 cf = 3,457.1 cf Chamber Storage
396 Chambers x 9.0 cf = 3,564.0 cf Displacement

6,860.0 cf Field - 3,564.0 cf Chambers = 3,296.0 cf Stone x 30.0% Voids = 988.8 cf Stone Storage

Chamber Storage + Stone Storage = 4,445.9 cf = 0.102 af
Overall Storage Efficiency = 64.8%

396 Chambers
254.1 cy Field
122.1 cy Stone
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Pond 1P: Underground Infiltration/Storage

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.177 ac
Peak Elev=59.44'
Storage=1,963 cf

1.42 cfs

0.07 cfs
0.07 cfs

0.00 cfs
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Summary for Pond 2P: Outlet Control Structure

Inflow Area = 0.207 ac,100.00% Impervious,  Inflow Depth = 4.36"    for  10-Yr event
Inflow = 0.97 cfs @ 12.07 hrs,  Volume= 0.075 af
Outflow = 0.97 cfs @ 12.07 hrs,  Volume= 0.075 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.14 cfs @ 12.07 hrs,  Volume= 0.035 af
Secondary = 0.82 cfs @ 12.07 hrs,  Volume= 0.040 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.68' @ 12.07 hrs
Flood Elev= 66.00'

Device Routing     Invert Outlet Devices
#1 Primary 63.40' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Secondary 61.00' 12.0"  Round Culvert   

L= 65.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 61.00' / 60.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Device 2 63.52' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=0.14 cfs @ 12.07 hrs  HW=63.68'  TW=63.44'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 0.14 cfs @ 1.80 fps)

Secondary OutFlow  Max=0.82 cfs @ 12.07 hrs  HW=63.68'  TW=58.79'   (Dynamic Tailwater)
2=Culvert  (Passes 0.82 cfs of 5.48 cfs potential flow)

3=Sharp-Crested Rectangular Weir  (Weir Controls 0.82 cfs @ 1.31 fps)

Pond 2P: Outlet Control Structure

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

1

0

Inflow Area=0.207 ac
Peak Elev=63.68'
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0.14 cfs

0.82 cfs
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Summary for Pond 3P: Bioswale

[80] Warning: Exceeded Pond 2P by 0.02' @ 12.59 hrs (0.03 cfs 0.001 af) 

Inflow Area = 0.233 ac, 92.97% Impervious,  Inflow Depth = 2.04"    for  10-Yr event
Inflow = 0.20 cfs @ 12.07 hrs,  Volume= 0.040 af
Outflow = 0.02 cfs @ 11.75 hrs,  Volume= 0.040 af,  Atten= 88%,  Lag= 0.0 min
Discarded = 0.02 cfs @ 11.75 hrs,  Volume= 0.040 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.59' @ 12.42 hrs   Surf.Area= 660 sf   Storage= 605 cf
Flood Elev= 63.77'   Surf.Area= 660 sf   Storage= 723 cf

Plug-Flow detention time= 274.9 min calculated for 0.040 af (100% of inflow)
Center-of-Mass det. time= 274.9 min ( 1,039.0 - 764.1 )

Volume Invert Avail.Storage Storage Description
#1 61.51' 743 cf Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Voids Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (%) (cubic-feet) (cubic-feet) (sq-ft)
61.51 132 0.0 0 0 132
62.26 132 30.0 30 30 163
62.27 132 100.0 1 31 163
63.27 660 100.0 362 393 695
63.80 660 100.0 350 743 743

Device Routing     Invert Outlet Devices
#1 Primary 63.77' 11.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

#2 Discarded 61.51' 1.600 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.02 cfs @ 11.75 hrs  HW=63.27'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.02 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=61.51'  TW=0.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 3P: Bioswale

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.233 ac
Peak Elev=63.59'
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points x 2
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2,143 sf   0.00% Impervious   Runoff Depth=1.68"Subcatchment PR1: 1st Floor Green Roof
   Tc=5.0 min   CN=61   Runoff=0.09 cfs  0.007 af

Runoff Area=396 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment PR1A: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.05 cfs  0.004 af

Runoff Area=416 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment PR1B: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.05 cfs  0.004 af

Runoff Area=2,135 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment PR2: 2nd Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.27 cfs  0.021 af

Runoff Area=9,029 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment PR3: 6th Floor Roof
   Tc=5.0 min   CN=98   Runoff=1.16 cfs  0.091 af

Runoff Area=1,951 sf   58.69% Impervious   Runoff Depth=3.63"Subcatchment PR4: Courtyard
   Tc=5.0 min   CN=83   Runoff=0.20 cfs  0.014 af

Runoff Area=1,433 sf   73.83% Impervious   Runoff Depth=4.15"Subcatchment PR5: Plaza
   Tc=5.0 min   CN=88   Runoff=0.16 cfs  0.011 af

Runoff Area=1,106 sf   35.62% Impervious   Runoff Depth=2.77"Subcatchment PR6: Swale Area along 
   Tc=5.0 min   CN=74   Runoff=0.09 cfs  0.006 af

Runoff Area=655 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment PR7: Loading Dock
   Tc=5.0 min   CN=98   Runoff=0.08 cfs  0.007 af

   Inflow=0.16 cfs  0.011 afReach DP1: Exist. Closed System at Harvard/Williams St.
   Outflow=0.16 cfs  0.011 af

Peak Elev=59.87'  Storage=2,739 cf   Inflow=1.76 cfs  0.111 afPond 1P: Underground Infiltration/Storage
   Discarded=0.07 cfs  0.111 af   Primary=0.00 cfs  0.000 af   Outflow=0.07 cfs  0.111 af

Peak Elev=63.70'   Inflow=1.16 cfs  0.091 afPond 2P: Outlet Control Structure
   Primary=0.15 cfs  0.037 af   Secondary=1.01 cfs  0.054 af   Outflow=1.16 cfs  0.091 af

Peak Elev=63.66'  Storage=654 cf   Inflow=0.23 cfs  0.043 afPond 3P: Bioswale
   Discarded=0.02 cfs  0.043 af   Primary=0.00 cfs  0.000 af   Outflow=0.02 cfs  0.043 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.165 af   Average Runoff Depth = 4.47"
20.95% Pervious = 0.093 ac     79.05% Impervious = 0.350 ac
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Summary for Subcatchment PR1: 1st Floor Green Roof

Runoff = 0.09 cfs @ 12.08 hrs,  Volume= 0.007 af,  Depth= 1.68"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
2,143 61 >75% Grass cover, Good, HSG B
2,143 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1: 1st Floor Green Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=2,143 sf
Runoff Volume=0.007 af

Runoff Depth=1.68"
Tc=5.0 min

CN=61

0.09 cfs
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Summary for Subcatchment PR1A: 1st Floor Roof

Runoff = 0.05 cfs @ 12.07 hrs,  Volume= 0.004 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
396 98 Roofs, HSG B
396 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1A: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"
Runoff Area=396 sf

Runoff Volume=0.004 af
Runoff Depth=5.26"

Tc=5.0 min
CN=98

0.05 cfs
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Summary for Subcatchment PR1B: 1st Floor Roof

Runoff = 0.05 cfs @ 12.07 hrs,  Volume= 0.004 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
416 98 Roofs, HSG B
416 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1B: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"
Runoff Area=416 sf

Runoff Volume=0.004 af
Runoff Depth=5.26"

Tc=5.0 min
CN=98

0.05 cfs
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Summary for Subcatchment PR2: 2nd Floor Roof

Runoff = 0.27 cfs @ 12.07 hrs,  Volume= 0.021 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
2,135 98 Roofs, HSG B
2,135 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR2: 2nd Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=2,135 sf
Runoff Volume=0.021 af

Runoff Depth=5.26"
Tc=5.0 min

CN=98

0.27 cfs
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Summary for Subcatchment PR3: 6th Floor Roof

Runoff = 1.16 cfs @ 12.07 hrs,  Volume= 0.091 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
9,029 98 Roofs, HSG B
9,029 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR3: 6th Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=9,029 sf
Runoff Volume=0.091 af

Runoff Depth=5.26"
Tc=5.0 min

CN=98

1.16 cfs
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Summary for Subcatchment PR4: Courtyard

Runoff = 0.20 cfs @ 12.07 hrs,  Volume= 0.014 af,  Depth= 3.63"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
* 992 98 Porous Pavers, HSG B
* 117 98 Retaining Walls

806 61 >75% Grass cover, Good, HSG B
* 36 98 Walkway, HSG B

1,951 83 Weighted Average
806 41.31% Pervious Area

1,145 58.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR4: Courtyard

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=1,951 sf
Runoff Volume=0.014 af

Runoff Depth=3.63"
Tc=5.0 min

CN=83

0.20 cfs
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Summary for Subcatchment PR5: Plaza

Runoff = 0.16 cfs @ 12.07 hrs,  Volume= 0.011 af,  Depth= 4.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
* 166 98 Retainaing Wall, HSG B
* 892 98 Porous Pavers, HSG B

375 61 >75% Grass cover, Good, HSG B
1,433 88 Weighted Average

375 26.17% Pervious Area
1,058 73.83% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR5: Plaza

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=1,433 sf
Runoff Volume=0.011 af

Runoff Depth=4.15"
Tc=5.0 min

CN=88

0.16 cfs
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Summary for Subcatchment PR6: Swale Area along Williams St.

Runoff = 0.09 cfs @ 12.08 hrs,  Volume= 0.006 af,  Depth= 2.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
712 61 >75% Grass cover, Good, HSG B

* 256 98 Walkways, Walls, Misc.
* 138 98 Porous Pavers, HSG B

1,106 74 Weighted Average
712 64.38% Pervious Area
394 35.62% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR6: Swale Area along Williams St.

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"

Runoff Area=1,106 sf
Runoff Volume=0.006 af

Runoff Depth=2.77"
Tc=5.0 min

CN=74

0.09 cfs
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Summary for Subcatchment PR7: Loading Dock

Runoff = 0.08 cfs @ 12.07 hrs,  Volume= 0.007 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  25-Yr Rainfall=5.50"

Area (sf) CN Description
655 98 Paved parking, HSG B
655 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR7: Loading Dock

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
25-Yr Rainfall=5.50"
Runoff Area=655 sf

Runoff Volume=0.007 af
Runoff Depth=5.26"

Tc=5.0 min
CN=98

0.08 cfs
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Summary for Reach DP1: Exist. Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 79.05% Impervious,  Inflow Depth = 0.31"    for  25-Yr event
Inflow = 0.16 cfs @ 12.07 hrs,  Volume= 0.011 af
Outflow = 0.16 cfs @ 12.07 hrs,  Volume= 0.011 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2

Reach DP1: Exist. Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.442 ac
0.16 cfs

0.16 cfs



Type III 24-hr  25-Yr Rainfall=5.50"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

Page 51HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Summary for Pond 1P: Underground Infiltration/Storage

Inflow Area = 0.177 ac, 61.68% Impervious,  Inflow Depth = 7.53"    for  25-Yr event
Inflow = 1.76 cfs @ 12.07 hrs,  Volume= 0.111 af
Outflow = 0.07 cfs @ 11.28 hrs,  Volume= 0.111 af,  Atten= 96%,  Lag= 0.0 min
Discarded = 0.07 cfs @ 11.28 hrs,  Volume= 0.111 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 59.87' @ 14.41 hrs   Surf.Area= 1,960 sf   Storage= 2,739 cf
Flood Elev= 61.50'   Surf.Area= 1,960 sf   Storage= 4,446 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 328.9 min ( 1,089.8 - 760.9 )

Volume Invert Avail.Storage Storage Description
#1A 58.00' 989 cf 35.00'W x 56.00'L x 3.50'H Field A

6,860 cf Overall - 3,564 cf Embedded = 3,296 cf  x 30.0% Voids
#2A 58.50' 3,457 cf StormTank 24W  x 396  Inside #1

Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

4,446 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices
#1 Discarded 58.00' 1.600 in/hr Exfiltration over Surface area   
#2 Primary 60.70' 6.0"  Round Culvert   

L= 8.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 60.70' / 60.65'   S= 0.0063 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.20 sf   

Discarded OutFlow  Max=0.07 cfs @ 11.28 hrs  HW=58.04'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.07 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=58.00'  TW=0.00'   (Dynamic Tailwater)
2=Culvert  ( Controls 0.00 cfs)
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Pond 1P: Underground Infiltration/Storage - Chamber Wizard Field A

Chamber Model = StormTank 24W (Brentwood Industries StormTank in wide rows)
Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

36 Chambers/Row x 1.50' Long = 54.00' Row Length +12.0" End Stone x 2 = 56.00' Base Length
11 Rows x 36.0" Wide + 12.0" Side Stone x 2 = 35.00' Base Width
6.0" Base + 24.0" Chamber Height + 12.0" Cover = 3.50' Field Height

396 Chambers x 8.7 cf = 3,457.1 cf Chamber Storage
396 Chambers x 9.0 cf = 3,564.0 cf Displacement

6,860.0 cf Field - 3,564.0 cf Chambers = 3,296.0 cf Stone x 30.0% Voids = 988.8 cf Stone Storage

Chamber Storage + Stone Storage = 4,445.9 cf = 0.102 af
Overall Storage Efficiency = 64.8%

396 Chambers
254.1 cy Field
122.1 cy Stone
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Pond 1P: Underground Infiltration/Storage

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.177 ac
Peak Elev=59.87'
Storage=2,739 cf

1.76 cfs

0.07 cfs
0.07 cfs

0.00 cfs
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Summary for Pond 2P: Outlet Control Structure

Inflow Area = 0.207 ac,100.00% Impervious,  Inflow Depth = 5.26"    for  25-Yr event
Inflow = 1.16 cfs @ 12.07 hrs,  Volume= 0.091 af
Outflow = 1.16 cfs @ 12.07 hrs,  Volume= 0.091 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.15 cfs @ 12.05 hrs,  Volume= 0.037 af
Secondary = 1.01 cfs @ 12.07 hrs,  Volume= 0.054 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.70' @ 12.07 hrs
Flood Elev= 66.00'

Device Routing     Invert Outlet Devices
#1 Primary 63.40' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Secondary 61.00' 12.0"  Round Culvert   

L= 65.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 61.00' / 60.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Device 2 63.52' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=0.15 cfs @ 12.05 hrs  HW=63.70'  TW=63.55'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 0.15 cfs @ 1.86 fps)

Secondary OutFlow  Max=1.01 cfs @ 12.07 hrs  HW=63.70'  TW=58.96'   (Dynamic Tailwater)
2=Culvert  (Passes 1.01 cfs of 5.51 cfs potential flow)

3=Sharp-Crested Rectangular Weir  (Weir Controls 1.01 cfs @ 1.40 fps)

Pond 2P: Outlet Control Structure

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.207 ac
Peak Elev=63.70'
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0.15 cfs

1.01 cfs
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Summary for Pond 3P: Bioswale

[80] Warning: Exceeded Pond 2P by 0.09' @ 12.60 hrs (0.10 cfs 0.009 af) 

Inflow Area = 0.233 ac, 92.97% Impervious,  Inflow Depth = 2.19"    for  25-Yr event
Inflow = 0.23 cfs @ 12.06 hrs,  Volume= 0.043 af
Outflow = 0.02 cfs @ 11.30 hrs,  Volume= 0.043 af,  Atten= 90%,  Lag= 0.0 min
Discarded = 0.02 cfs @ 11.30 hrs,  Volume= 0.043 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.66' @ 12.43 hrs   Surf.Area= 660 sf   Storage= 654 cf
Flood Elev= 63.77'   Surf.Area= 660 sf   Storage= 723 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 285.3 min ( 1,042.2 - 756.9 )

Volume Invert Avail.Storage Storage Description
#1 61.51' 743 cf Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Voids Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (%) (cubic-feet) (cubic-feet) (sq-ft)
61.51 132 0.0 0 0 132
62.26 132 30.0 30 30 163
62.27 132 100.0 1 31 163
63.27 660 100.0 362 393 695
63.80 660 100.0 350 743 743

Device Routing     Invert Outlet Devices
#1 Primary 63.77' 11.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

#2 Discarded 61.51' 1.600 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.02 cfs @ 11.30 hrs  HW=63.27'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.02 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=61.51'  TW=0.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 3P: Bioswale

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.233 ac
Peak Elev=63.66'

Storage=654 cf
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Time span=0.00-60.00 hrs, dt=0.01 hrs, 6001 points x 2
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=2,143 sf   0.00% Impervious   Runoff Depth=2.42"Subcatchment PR1: 1st Floor Green Roof
   Tc=5.0 min   CN=61   Runoff=0.14 cfs  0.010 af

Runoff Area=396 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment PR1A: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.06 cfs  0.005 af

Runoff Area=416 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment PR1B: 1st Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.06 cfs  0.005 af

Runoff Area=2,135 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment PR2: 2nd Floor Roof
   Tc=5.0 min   CN=98   Runoff=0.33 cfs  0.026 af

Runoff Area=9,029 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment PR3: 6th Floor Roof
   Tc=5.0 min   CN=98   Runoff=1.39 cfs  0.110 af

Runoff Area=1,951 sf   58.69% Impervious   Runoff Depth=4.65"Subcatchment PR4: Courtyard
   Tc=5.0 min   CN=83   Runoff=0.25 cfs  0.017 af

Runoff Area=1,433 sf   73.83% Impervious   Runoff Depth=5.21"Subcatchment PR5: Plaza
   Tc=5.0 min   CN=88   Runoff=0.20 cfs  0.014 af

Runoff Area=1,106 sf   35.62% Impervious   Runoff Depth=3.70"Subcatchment PR6: Swale Area along 
   Tc=5.0 min   CN=74   Runoff=0.11 cfs  0.008 af

Runoff Area=655 sf   100.00% Impervious   Runoff Depth=6.36"Subcatchment PR7: Loading Dock
   Tc=5.0 min   CN=98   Runoff=0.10 cfs  0.008 af

   Inflow=0.20 cfs  0.014 afReach DP1: Exist. Closed System at Harvard/Williams St.
   Outflow=0.20 cfs  0.014 af

Peak Elev=60.46'  Storage=3,783 cf   Inflow=2.24 cfs  0.143 afPond 1P: Underground Infiltration/Storage
   Discarded=0.07 cfs  0.143 af   Primary=0.00 cfs  0.000 af   Outflow=0.07 cfs  0.143 af

Peak Elev=63.74'   Inflow=1.39 cfs  0.110 afPond 2P: Outlet Control Structure
   Primary=0.11 cfs  0.038 af   Secondary=1.30 cfs  0.072 af   Outflow=1.39 cfs  0.110 af

Peak Elev=63.77'  Storage=725 cf   Inflow=0.21 cfs  0.046 afPond 3P: Bioswale
   Discarded=0.02 cfs  0.046 af   Primary=0.00 cfs  0.000 af   Outflow=0.03 cfs  0.046 af

Total Runoff Area = 0.442 ac   Runoff Volume = 0.203 af   Average Runoff Depth = 5.51"
20.95% Pervious = 0.093 ac     79.05% Impervious = 0.350 ac
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Summary for Subcatchment PR1: 1st Floor Green Roof

Runoff = 0.14 cfs @ 12.08 hrs,  Volume= 0.010 af,  Depth= 2.42"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
2,143 61 >75% Grass cover, Good, HSG B
2,143 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1: 1st Floor Green Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
100-Yr Rainfall=6.60"
Runoff Area=2,143 sf

Runoff Volume=0.010 af
Runoff Depth=2.42"

Tc=5.0 min
CN=61

0.14 cfs
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Summary for Subcatchment PR1A: 1st Floor Roof

Runoff = 0.06 cfs @ 12.07 hrs,  Volume= 0.005 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
396 98 Roofs, HSG B
396 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1A: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
100-Yr Rainfall=6.60"

Runoff Area=396 sf
Runoff Volume=0.005 af

Runoff Depth=6.36"
Tc=5.0 min

CN=98

0.06 cfs
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Summary for Subcatchment PR1B: 1st Floor Roof

Runoff = 0.06 cfs @ 12.07 hrs,  Volume= 0.005 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
416 98 Roofs, HSG B
416 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR1B: 1st Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
100-Yr Rainfall=6.60"

Runoff Area=416 sf
Runoff Volume=0.005 af

Runoff Depth=6.36"
Tc=5.0 min

CN=98

0.06 cfs
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Summary for Subcatchment PR2: 2nd Floor Roof

Runoff = 0.33 cfs @ 12.07 hrs,  Volume= 0.026 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
2,135 98 Roofs, HSG B
2,135 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR2: 2nd Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420

Fl
ow

  (
cf

s)

0.36
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Type III 24-hr
100-Yr Rainfall=6.60"
Runoff Area=2,135 sf

Runoff Volume=0.026 af
Runoff Depth=6.36"

Tc=5.0 min
CN=98

0.33 cfs
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Summary for Subcatchment PR3: 6th Floor Roof

Runoff = 1.39 cfs @ 12.07 hrs,  Volume= 0.110 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
9,029 98 Roofs, HSG B
9,029 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR3: 6th Floor Roof

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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1

0

Type III 24-hr
100-Yr Rainfall=6.60"
Runoff Area=9,029 sf

Runoff Volume=0.110 af
Runoff Depth=6.36"

Tc=5.0 min
CN=98

1.39 cfs
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Summary for Subcatchment PR4: Courtyard

Runoff = 0.25 cfs @ 12.07 hrs,  Volume= 0.017 af,  Depth= 4.65"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
* 992 98 Porous Pavers, HSG B
* 117 98 Retaining Walls

806 61 >75% Grass cover, Good, HSG B
* 36 98 Walkway, HSG B

1,951 83 Weighted Average
806 41.31% Pervious Area

1,145 58.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR4: Courtyard

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
100-Yr Rainfall=6.60"
Runoff Area=1,951 sf

Runoff Volume=0.017 af
Runoff Depth=4.65"

Tc=5.0 min
CN=83

0.25 cfs
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Summary for Subcatchment PR5: Plaza

Runoff = 0.20 cfs @ 12.07 hrs,  Volume= 0.014 af,  Depth= 5.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
* 166 98 Retainaing Wall, HSG B
* 892 98 Porous Pavers, HSG B

375 61 >75% Grass cover, Good, HSG B
1,433 88 Weighted Average

375 26.17% Pervious Area
1,058 73.83% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR5: Plaza

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
100-Yr Rainfall=6.60"
Runoff Area=1,433 sf

Runoff Volume=0.014 af
Runoff Depth=5.21"

Tc=5.0 min
CN=88

0.20 cfs
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Summary for Subcatchment PR6: Swale Area along Williams St.

Runoff = 0.11 cfs @ 12.07 hrs,  Volume= 0.008 af,  Depth= 3.70"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
712 61 >75% Grass cover, Good, HSG B

* 256 98 Walkways, Walls, Misc.
* 138 98 Porous Pavers, HSG B

1,106 74 Weighted Average
712 64.38% Pervious Area
394 35.62% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR6: Swale Area along Williams St.

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Type III 24-hr
100-Yr Rainfall=6.60"
Runoff Area=1,106 sf

Runoff Volume=0.008 af
Runoff Depth=3.70"

Tc=5.0 min
CN=74

0.11 cfs
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Summary for Subcatchment PR7: Loading Dock

Runoff = 0.10 cfs @ 12.07 hrs,  Volume= 0.008 af,  Depth= 6.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs
Type III 24-hr  100-Yr Rainfall=6.60"

Area (sf) CN Description
655 98 Paved parking, HSG B
655 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)

5.0 Direct Entry, 

Subcatchment PR7: Loading Dock

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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0

Type III 24-hr
100-Yr Rainfall=6.60"

Runoff Area=655 sf
Runoff Volume=0.008 af

Runoff Depth=6.36"
Tc=5.0 min

CN=98

0.10 cfs
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Summary for Reach DP1: Exist. Closed System at Harvard/Williams St.

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.442 ac, 79.05% Impervious,  Inflow Depth = 0.39"    for  100-Yr event
Inflow = 0.20 cfs @ 12.07 hrs,  Volume= 0.014 af
Outflow = 0.20 cfs @ 12.07 hrs,  Volume= 0.014 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2

Reach DP1: Exist. Closed System at Harvard/Williams St.

Inflow
Outflow

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.442 ac
0.20 cfs

0.20 cfs
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Summary for Pond 1P: Underground Infiltration/Storage

Inflow Area = 0.177 ac, 61.68% Impervious,  Inflow Depth = 9.72"    for  100-Yr event
Inflow = 2.24 cfs @ 12.07 hrs,  Volume= 0.143 af
Outflow = 0.07 cfs @ 10.87 hrs,  Volume= 0.143 af,  Atten= 97%,  Lag= 0.0 min
Discarded = 0.07 cfs @ 10.87 hrs,  Volume= 0.143 af
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 60.46' @ 15.29 hrs   Surf.Area= 1,960 sf   Storage= 3,783 cf
Flood Elev= 61.50'   Surf.Area= 1,960 sf   Storage= 4,446 cf

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 454.6 min ( 1,216.0 - 761.3 )

Volume Invert Avail.Storage Storage Description
#1A 58.00' 989 cf 35.00'W x 56.00'L x 3.50'H Field A

6,860 cf Overall - 3,564 cf Embedded = 3,296 cf  x 30.0% Voids
#2A 58.50' 3,457 cf StormTank 24W  x 396  Inside #1

Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

4,446 cf Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices
#1 Discarded 58.00' 1.600 in/hr Exfiltration over Surface area   
#2 Primary 60.70' 6.0"  Round Culvert   

L= 8.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 60.70' / 60.65'   S= 0.0063 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.20 sf   

Discarded OutFlow  Max=0.07 cfs @ 10.87 hrs  HW=58.04'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.07 cfs)

Primary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=58.00'  TW=0.00'   (Dynamic Tailwater)
2=Culvert  ( Controls 0.00 cfs)
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Pond 1P: Underground Infiltration/Storage - Chamber Wizard Field A

Chamber Model = StormTank 24W (Brentwood Industries StormTank in wide rows)
Inside= 36.0"W x 24.0"H => 5.82 sf x 1.50'L = 8.7 cf
Outside= 36.0"W x 24.0"H => 6.00 sf x 1.50'L = 9.0 cf

36 Chambers/Row x 1.50' Long = 54.00' Row Length +12.0" End Stone x 2 = 56.00' Base Length
11 Rows x 36.0" Wide + 12.0" Side Stone x 2 = 35.00' Base Width
6.0" Base + 24.0" Chamber Height + 12.0" Cover = 3.50' Field Height

396 Chambers x 8.7 cf = 3,457.1 cf Chamber Storage
396 Chambers x 9.0 cf = 3,564.0 cf Displacement

6,860.0 cf Field - 3,564.0 cf Chambers = 3,296.0 cf Stone x 30.0% Voids = 988.8 cf Stone Storage

Chamber Storage + Stone Storage = 4,445.9 cf = 0.102 af
Overall Storage Efficiency = 64.8%

396 Chambers
254.1 cy Field
122.1 cy Stone
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Pond 1P: Underground Infiltration/Storage

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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ow
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cf
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2

1

0

Inflow Area=0.177 ac
Peak Elev=60.46'
Storage=3,783 cf

2.24 cfs

0.07 cfs
0.07 cfs

0.00 cfs
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Summary for Pond 2P: Outlet Control Structure

Inflow Area = 0.207 ac,100.00% Impervious,  Inflow Depth = 6.36"    for  100-Yr event
Inflow = 1.39 cfs @ 12.07 hrs,  Volume= 0.110 af
Outflow = 1.39 cfs @ 12.07 hrs,  Volume= 0.110 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.11 cfs @ 12.04 hrs,  Volume= 0.038 af
Secondary = 1.30 cfs @ 12.07 hrs,  Volume= 0.072 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.74' @ 12.07 hrs
Flood Elev= 66.00'

Device Routing     Invert Outlet Devices
#1 Primary 63.40' 4.0" Vert. Orifice/Grate    C= 0.600   
#2 Secondary 61.00' 12.0"  Round Culvert   

L= 65.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 61.00' / 60.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#3 Device 2 63.52' 4.0' long Sharp-Crested Rectangular Weir   2 End Contraction(s)   

Primary OutFlow  Max=0.11 cfs @ 12.04 hrs  HW=63.72'  TW=63.65'   (Dynamic Tailwater)
1=Orifice/Grate  (Orifice Controls 0.11 cfs @ 1.24 fps)

Secondary OutFlow  Max=1.29 cfs @ 12.07 hrs  HW=63.74'  TW=59.20'   (Dynamic Tailwater)
2=Culvert  (Passes 1.29 cfs of 5.54 cfs potential flow)

3=Sharp-Crested Rectangular Weir  (Weir Controls 1.29 cfs @ 1.52 fps)

Pond 2P: Outlet Control Structure

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.207 ac
Peak Elev=63.74'

1.39 cfs
1.39 cfs

0.11 cfs

1.30 cfs
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Summary for Pond 3P: Bioswale

[80] Warning: Exceeded Pond 2P by 0.19' @ 12.63 hrs (0.19 cfs 0.030 af) 

Inflow Area = 0.233 ac, 92.97% Impervious,  Inflow Depth = 2.36"    for  100-Yr event
Inflow = 0.21 cfs @ 12.05 hrs,  Volume= 0.046 af
Outflow = 0.03 cfs @ 12.47 hrs,  Volume= 0.046 af,  Atten= 87%,  Lag= 24.7 min
Discarded = 0.02 cfs @ 10.63 hrs,  Volume= 0.046 af
Primary = 0.00 cfs @ 12.47 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-60.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 63.77' @ 12.47 hrs   Surf.Area= 660 sf   Storage= 725 cf
Flood Elev= 63.77'   Surf.Area= 660 sf   Storage= 723 cf

Plug-Flow detention time= 300.7 min calculated for 0.046 af (100% of inflow)
Center-of-Mass det. time= 300.8 min ( 1,045.9 - 745.1 )

Volume Invert Avail.Storage Storage Description
#1 61.51' 743 cf Custom Stage Data (Conic) Listed below (Recalc)

Elevation Surf.Area Voids Inc.Store Cum.Store Wet.Area
(feet) (sq-ft) (%) (cubic-feet) (cubic-feet) (sq-ft)
61.51 132 0.0 0 0 132
62.26 132 30.0 30 30 163
62.27 132 100.0 1 31 163
63.27 660 100.0 362 393 695
63.80 660 100.0 350 743 743

Device Routing     Invert Outlet Devices
#1 Primary 63.77' 11.0' long  x 0.5' breadth Broad-Crested Rectangular Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

#2 Discarded 61.51' 1.600 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.02 cfs @ 10.63 hrs  HW=63.27'   (Free Discharge)
2=Exfiltration  (Exfiltration Controls 0.02 cfs)

Primary OutFlow  Max=0.00 cfs @ 12.47 hrs  HW=63.77'  TW=0.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir  (Weir Controls 0.00 cfs @ 0.14 fps)
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Pond 3P: Bioswale

Inflow
Outflow
Discarded
Primary

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086420
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Inflow Area=0.233 ac
Peak Elev=63.77'

Storage=725 cf

0.21 cfs

0.03 cfs
0.02 cfs

0.00 cfs
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Stantec Consulting Services, Inc. Project: JCHE @ KI Location: Brookline, MA

226 Causeway Street Design Storm (Years): 25Y Designed By: TAT Date:  7
Boston, MA 02114 Checked BY: FH Revised:  
(617) 523-8103 Revised:  

LOCATION DRAINAGE   AREA FLOW TIME     RUNOFF FLOW                 IN                     PIPE
(Acres)            (min)        (cfs)               PIPE  FULL FLOW   DESIGN FLOW RIM  

Description From To Area Runoff Increment Sum Tc Time In Intensity Design Diam Length Slope Manning Capacity Velocity Depth Velocity Upper Upper Lower PIPE
Ac Coeff., C CA CA Section (In/Hr) Flow (In.) (Ft.) (Ft./Ft.) Coeff. (Cfs) (Fps) (Ft.) (Fps.) % FULL

AD1 AD2 0.01 0.65 0.01 5.0 0.2 6.0 0.1 6 23 0.0052 0.013 0.4 2.1 0.17 1.6 63.37 61.80 61.68 25
AD2 AD3 0.01 0.65 0.01 0.02 5.2 0.2 6.0 0.1 6 23 0.0052 0.013 0.4 2.1 0.17 1.6 63.37 61.58 61.46 25
AD3 AD4 0.02 0.66 0.01 0.03 5.4 0.2 5.9 0.2 6 19 0.0053 0.013 0.4 2.1 0.25 2.1 63.30 61.36 61.26 50
AD4 WQU1 0.03 5.6 0.1 5.9 0.2 6 14 0.0050 0.013 0.4 2.0 0.25 2.1 63.30 61.16 61.09 50

TD1 WQU1 0.02 0.90 0.02 0.02 5.0 0.0 6.0 0.1 6 8 0.0762 0.013 1.6 7.9 0.11 5.3 63.66 61.70 61.09 6
WQU1 DMH2 0.02 5.0 0.1 6.0 0.1 6 16 0.0088 0.013 0.5 2.7 0.15 2.1 63.66 60.84 60.70 20

DMH1 DMH3 0.21 0.90 0.20 0.20 5.0 0.2 6.0 1.2 12 64 0.0156 0.013 4.5 5.7 0.35 4.7 66.00 61.00 60.00 27
DMH3 DMH2 0.20 5.0 0.1 6.0 1.2 12 22 0.0136 0.013 4.2 5.3 0.36 4.5 66.00 60.00 59.70 29

DMH5 DMH4 0.00 0.00 0.00 5.0 0.3 6.0 0.0 15 74 0.0135 0.012 8.1 6.6 0.23 3.9 64.00 59.00 58.00 0

Pipe Calculations

    INVERT

10/21/2016



Project: JCHE @ KI
Location: Brookline, MA
Design Storm (Years): 25yr

Stantec Consulting Services, Inc. Designed By: TAT
226 Causeway Street Checked BY: FH
Boston, MA 02114 Date: 10/21/2016
(617) 523-8103 Revised:

DRAINAGE AREA
 (D.A.)

IMPERVIOUS 
AREA 

in sf (C=0.9)

IMPERVIOUS 
AREA 

in acres (C=0.9)

LANDSCAPE 
AREA 

in sf (C=0.3)

LANDSCAPE 
AREA 

in acres (C=0.3)
TOTAL

AREA (sf)
TOTAL 

AREA (acres)

WEIGHTED 
COEFFICIENT

(C)

AD1 370 0.01 269 0.01 639 0.01 0.65
AD2 370 0.01 269 0.01 639 0.01 0.65
AD3 406 0.01 269 0.01 675 0.02 0.66
AD4 0 0.00 0 0.00 0 0.00
TD1 655 0.02 0 0.00 655 0.02 0.90

Runoff Coefficients (C)
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226 Causeway Street
Boston MA 02114 Project Project # 210801416
Tel: (617) 523-8103 Location Sheet     1  of 1
Fax: (617) 523-4333 Calculated by Date 10/20/2016

Checked by Revised
Title

Objective: To size a recharge system that will approximate the annual recharge from pre-development conditions

Methodology: MA Department of Environmental Protection (DEP) Stormwater Management (Volume Three)

Design
Criteria: Based on the Site Hydrologic Soil Group:

Hydrologic Soil Group Volume to Recharge (x Total Imp. Area)

A 0.60 inches of runoff
B 0.35 inches of runoff
C 0.25 inches of runoff
D 0.10 inches of runoff

Recharge Area
Required:

The total impervious area within site =
Required Volume to be recharged (Cubic Feet)  = 

Capture Area Adjustment

14,134

Total Impervious Area Draining to Proposed Recharge Facilities (sf) = 14,134

1.07

340

Recharge Area Recharge Volumes were determined using the Static Method as described in Volume 3 of the "Massachusetts
Provided: Stormwater Handbook"  See the Hydrocad Calculations enclosed for the Storage Volumes provided.

Subsurface Infiltration System
Outlet Elevation  = 60.73
Bottom Elevation (Stone) = 58.00
Cumulative Storage (@ Outlet Elev. 60.70) = 3,975 cubic feet

(Volume from Proposed HydroCAD Model)

3,975 > 340

TAT

Recharge Calculations
FH

A and B soils are anticipated based on a combination of  information from NRCS soil maps and subsurface explorations peformed adjacent to 
the project site, as described in Section 2.2.1.  This calulation assumes A soil for the entire site to be conservative.

15,192
"A" Soil (sf)

Impervious Area Draining to Recharge Volume for Subsurface Stormwater Infiltration/Storage 
System (sf) = 

Recharge / Infiltration CalculationsStantec Planning and Landscape Architecture P.C.

Brookline, MA

Recharge Calculations - Subsurface Infiltration System

JCHE at Congregation Kehillath

OK.

Required Volume Adjustment Factor (Total Impervious Area/Impervious 
Area Draining to Recharge Volume = 15,192 sf / 14,134 sf) = 

Adjusted Required Volume to be Recharged (317 cf * 1.07) (cf) =

Total
Impervious (sf)

15,192

Impervious

317 317



226 Causeway Street
Boston MA 02114 Project # 210801416
Tel: (617) 523-8103 Sheet     1  of 1
Fax: (617) 523-4333 Date 10/20/2016

Revised

Objective: To demonstrate the drawdown time for the proposed infiltration BMPs, assuming full storage volume.

Methodology: MA Department of Environmental Protection (DEP) Stormwater Management (Volume Three)

Design
Criteria: This calculation is based on B soils for Rawls Rate (Sandy Loam).  A and B soils are anticipated based on a combination of information from NRCS soil maps

Drawdown Calculation

3,975 1.02 1,960

717 1.02 132

Notes:
 

     with an overflow (in excess of the 100-year storm) to the Town's closed system.
(2) Actual Storage Volume and Bottom Area for each BMP were obtained from the proposed HydroCAD model.

JCHE at Congregation Kehillath
Brookline, MA

TAT
FH

Stantec Planning and Landscape Architecture P.C. Recharge - 72 Hour Drawdown

Drawdown Calculations

Drawdown Calculations

Infiltration BMP
Actual Storage 

Volume for Each 
BMP (cf)

Rawls Rate 
(in/hr)

Bottom Area of 
BMP's (sf)

and subsurface explorations performed adjacent to the project site, as described in Section 2.2.1.  This calculation assumes A soil for the entire site to be 
conservative.

(1) The bioswale is designed to overflow back to the underground infiltration system.  The underground infiltration system is designed with 

Drawdown 
(hours)

Subsurface Infiltration 
System 23.86

Bioswale 63.90



Type III 24-hr  100-Yr Rainfall=6.60"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Stage-Area-Storage for Pond 1P: Underground Infiltration/Storage

Elevation
(feet)

Surface
(sq-ft)

Storage
(cubic-feet)

58.00 1,960 0
58.05 1,960 29
58.10 1,960 59
58.15 1,960 88
58.20 1,960 118
58.25 1,960 147
58.30 1,960 176
58.35 1,960 206
58.40 1,960 235
58.45 1,960 265
58.50 1,960 294
58.55 1,960 383
58.60 1,960 472
58.65 1,960 561
58.70 1,960 650
58.75 1,960 739
58.80 1,960 829
58.85 1,960 918
58.90 1,960 1,007
58.95 1,960 1,096
59.00 1,960 1,185
59.05 1,960 1,274
59.10 1,960 1,363
59.15 1,960 1,452
59.20 1,960 1,541
59.25 1,960 1,630
59.30 1,960 1,720
59.35 1,960 1,809
59.40 1,960 1,898
59.45 1,960 1,987
59.50 1,960 2,076
59.55 1,960 2,165
59.60 1,960 2,254
59.65 1,960 2,343
59.70 1,960 2,432
59.75 1,960 2,521
59.80 1,960 2,611
59.85 1,960 2,700
59.90 1,960 2,789
59.95 1,960 2,878
60.00 1,960 2,967
60.05 1,960 3,056
60.10 1,960 3,145
60.15 1,960 3,234
60.20 1,960 3,323
60.25 1,960 3,412
60.30 1,960 3,501
60.35 1,960 3,591
60.40 1,960 3,680
60.45 1,960 3,769
60.50 1,960 3,858
60.55 1,960 3,887
60.60 1,960 3,917

Elevation
(feet)

Surface
(sq-ft)

Storage
(cubic-feet)

60.65 1,960 3,946
60.70 1,960 3,975
60.75 1,960 4,005
60.80 1,960 4,034
60.85 1,960 4,064
60.90 1,960 4,093
60.95 1,960 4,122
61.00 1,960 4,152
61.05 1,960 4,181
61.10 1,960 4,211
61.15 1,960 4,240
61.20 1,960 4,269
61.25 1,960 4,299
61.30 1,960 4,328
61.35 1,960 4,358
61.40 1,960 4,387
61.45 1,960 4,416
61.50 1,960 4,446

tatufts
Line



Type III 24-hr  100-Yr Rainfall=6.60"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Stage-Area-Storage for Pond 3P: Bioswale

Elevation
(feet)

Surface
(sq-ft)

Storage
(cubic-feet)

61.51 132 0
61.56 132 2
61.61 132 4
61.66 132 6
61.71 132 8
61.76 132 10
61.81 132 12
61.86 132 14
61.91 132 16
61.96 132 18
62.01 132 20
62.06 132 22
62.11 132 24
62.16 132 26
62.21 132 28
62.26 132 30
62.31 145 37
62.36 163 44
62.41 182 53
62.46 201 62
62.51 222 73
62.56 244 85
62.61 266 97
62.66 290 111
62.71 315 126
62.76 340 143
62.81 367 160
62.86 395 180
62.91 423 200
62.96 453 222
63.01 484 245
63.06 516 270
63.11 548 297
63.16 582 325
63.21 617 355
63.26 653 387
63.31 660 420
63.36 660 453
63.41 660 486
63.46 660 519
63.51 660 552
63.56 660 585
63.61 660 618
63.66 660 651
63.71 660 684
63.76 660 717

tatufts
Line
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226 Causeway Street

Boston MA 02114 Project Project # 210801114
Tel: (617) 523-8103 Location Sheet     1  of 1
Fax: (617) 523-4333 Calculated by Date 10/20/2016

Checked by

Objective: To size a water quality volume.

Methodology: MA Department of Environmental Protection (DEP) Stormwater Management (Volume Three)

Water Quality
Volume Required:

Subsurface Infiltration System

The total impervious area within contributing area (SF) = 15,192
Required Water Quality Volume (Cubic Feet)  = 633

Volume Provided:

Subsurface Infiltration System
Outlet Elevation = 60.73
Bottom Elevation (Stone) = 58.00
Cumulative Storage (@ Outlet Elev. 60.70) = 3,975 cubic feet

(Volume from Proposed HydroCAD Model)

Total Storage Volume = 3,975 cubic feet

3,975 > 633 OK

Water Quality
Volume Required:

Subsurface Stormwater Isolator Row

The total impervious area within contributing area = 15,192
Required Water Quality Volume (Cubic Feet)  = 127

Volume Provided:
Subsurface Stormwater Isolator Row
Each Chamber Volume = 8.7 cf
Number of Chambers = 30

Total Storage Volume = 261 cubic feet

261 > 127 OK

The project site is subject to a "Water Quality Depth" of one-tenth inch (0.1") over the contributing impervious area when computing the required water 
quality pre-treatment volume based on MassDEP stormwater standards.   

The project site is subject to a "Water Quality Depth" of one-half inch (0.5") over the contributing impervious area when computing the required water 
quality treatment volume based on MassDEP stormwater standards.   

TAT
FH

Water Quality Volume CalculationsStantec Planning and Landscape Architecture P.C.

Brookline, MA

Calculations

JCHE at Congregation Kehillath Israel



Type III 24-hr  100-Yr Rainfall=6.60"JCHE KI_Proposed
  Printed  10/20/2016Prepared by Stantec Consulting Ltd.

HydroCAD® 10.00  s/n 01048  © 2013 HydroCAD Software Solutions LLC

Stage-Area-Storage for Pond 1P: Underground Infiltration/Storage

Elevation
(feet)

Surface
(sq-ft)

Storage
(cubic-feet)

58.00 1,960 0
58.05 1,960 29
58.10 1,960 59
58.15 1,960 88
58.20 1,960 118
58.25 1,960 147
58.30 1,960 176
58.35 1,960 206
58.40 1,960 235
58.45 1,960 265
58.50 1,960 294
58.55 1,960 383
58.60 1,960 472
58.65 1,960 561
58.70 1,960 650
58.75 1,960 739
58.80 1,960 829
58.85 1,960 918
58.90 1,960 1,007
58.95 1,960 1,096
59.00 1,960 1,185
59.05 1,960 1,274
59.10 1,960 1,363
59.15 1,960 1,452
59.20 1,960 1,541
59.25 1,960 1,630
59.30 1,960 1,720
59.35 1,960 1,809
59.40 1,960 1,898
59.45 1,960 1,987
59.50 1,960 2,076
59.55 1,960 2,165
59.60 1,960 2,254
59.65 1,960 2,343
59.70 1,960 2,432
59.75 1,960 2,521
59.80 1,960 2,611
59.85 1,960 2,700
59.90 1,960 2,789
59.95 1,960 2,878
60.00 1,960 2,967
60.05 1,960 3,056
60.10 1,960 3,145
60.15 1,960 3,234
60.20 1,960 3,323
60.25 1,960 3,412
60.30 1,960 3,501
60.35 1,960 3,591
60.40 1,960 3,680
60.45 1,960 3,769
60.50 1,960 3,858
60.55 1,960 3,887
60.60 1,960 3,917

Elevation
(feet)

Surface
(sq-ft)

Storage
(cubic-feet)

60.65 1,960 3,946
60.70 1,960 3,975
60.75 1,960 4,005
60.80 1,960 4,034
60.85 1,960 4,064
60.90 1,960 4,093
60.95 1,960 4,122
61.00 1,960 4,152
61.05 1,960 4,181
61.10 1,960 4,211
61.15 1,960 4,240
61.20 1,960 4,269
61.25 1,960 4,299
61.30 1,960 4,328
61.35 1,960 4,358
61.40 1,960 4,387
61.45 1,960 4,416
61.50 1,960 4,446

tatufts
Line
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Stantec Project:          JCHE at Congregation Kehillath Israel
226 Causeway Street, 6th Floor Location:         Brookline, MA
Boston, MA 02114 Designed By: TAT Date: 10/21/2016
(617) 523-8103 Checked by:   FH

Treatment Train #1
Sequence 

of 
Treatment

Design 
Removal 

Rate

TSS 
Loading

Amount 
Removed  

TSS Final 
Loading

1 80% 100.0% 80.0% 20.0%

Total TSS Removal = 80%

Note:  Pretreatment is being provided through an isolator row in the infiltration basin.

Treatment Train #2
Sequence 

of 
Treatment

Design 
Removal 

Rate

TSS 
Loading

Amount 
Removed  

TSS Final 
Loading

1 90% 100.0% 90.0% 10.0%

Total TSS Removal = 90%

Note:  Bioswale is designed to accomodate low flow stormwater runoff volumes from roof drains, with higher  
           runoff volumes being diverted to the underground infiltration system.

Treatment Train #3
Sequence 

of 
Treatment

Design 
Removal 

Rate

TSS 
Loading

Amount 
Removed  

TSS Final 
Loading

1 50% 100.0% 50.0% 50.0%
2 80% 50.0% 40.0% 10.0%

Total TSS Removal = 90%

TSS Removal Calculations

Description of BMP

Infiltration Basin 

Description of BMP

Bioswale

Description of BMP

Stormceptor
Infiltration Basin 



Massachusetts Strategic  
Envirotechnology Partnership (STEP) Program 

Stormceptor® Report 

Summary: The Massachusetts STEP Program has completed a six month thorough evaluation of 
the function and performance tests of the Stormceptor® System. Upon the completion of the 
evaluation and verification program, which occurred during the end of December 1997, the STEP 
Program summarized its findings which are listed below: 

 Performance data available demonstrates that the Stormceptor® can provide TSS 
removal rates of 77% when sized according to the "Sensitive Area" criteria.  

 Evidence suggests that the Stormceptor® System may be capable of achieving TSS 
removal rates between 89% and 99% under certain climate conditions and land use 
intensity when sized accordingly.  

 Performance data available suggest that the Stormceptor® System can provide TSS 
removal rates of 52% when sized according to the "Treatment Train" criteria.  

 Use of the Stormceptor® System as a stand alone device may be justified when sized 
according to the Sensitive Area criteria.  

 The Stormceptor® System is useful for new and retrofit installations in Standard 7 of 
DEP’s Stormwater Management Policy and Standards (DEP and CZM 1997), especially 
where space is limited  

 The Stormceptor® System is also suited for secondary sediment control from 
construction related sediment loads specified in Standard 8 of DEP’s Stormwater 
Management Policy and Standards  

In March 1997, the Massachusetts Department of Environmental Protection (DEP) issued 
Stormwater Management Standards* to address both qualitative and quantitative controls to 
protect waters of the Commonwealth of Massachusetts from impacts of untreated stormwater 
runoff. Local Conservation Commissions will implement DEP’s new Stormwater Policy through 
the Standards. The Standards establish the level of required controls that can be achieved 
primarily through the installation of Best Management Practices (BMPs). 

Opportunities exist for the use of innovative stormwater technologies such as the Stormceptor® 
System especially in areas where site constraints are very difficult to install the more typical 
BMP’s such as retention ponds. With the increase in the use of innovative technologies, DEP has 
entered into an agreement with the Commonwealth’s Strategic Envirotechnology Partnership 
(STEP) Program to allow for the verification of the function and performance of stormwater 
innovative systems. Upon verification by the STEP Program, local Conservation Commissions are 
allowed to accept the use of the innovative systems. DEP also allows for independent verification 
by local conservation commissions. The Massachusetts STEP is part of a six-state partnership for 
Environmental Technology including Illinois, California, Pennsylvania, New Jersey and New York. 

In summary, the Massachusetts STEP Program reports that the Stormceptor® System "should be 
capable of providing an effective solution for treatment of stormwater runoff" (STEP Technology 
Assessment, Draft Report, December 1997**). 
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610 Morgantown Road, Reading, PA 19611 

P: 610-374-5109     F: 610-736-1280     Email: Stormwater@brentwoodindustries.com  

 
 
 
 
 

 1 of 2 
 
 
 

Maintenance 
Guidelines 

 
General: 
The StormTank™ Stormwater Storage Module is a component in a stormwater collection system, 
providing storage for the detention or infiltration of runoff. No two systems are the same; with varying 
shapes, sizes and configurations. Some include pre-treatment to remove sediment and/or contaminants 
prior to entering the storage area and some do not. Systems without pre-treatment require greater 
attention to system functionality and may require additional maintenance.   
 
In order to sustain system functionality Brentwood offers the following general maintenance guidelines. 
 
Precautions: 
1. Prior to & During Construction - Siltation prevention of the stormwater system.  

a. Conform to all local, state and federal regulations for sediment and erosion control during 
construction. 

b. Install site erosion and sediment BMP’s (Best Management Practices) required to prevent 
siltation of the stormwater system. 

c. Inspect and maintain erosion and sediment BMP’s during construction. 

2. Post Construction - Prior to commissioning the StormTank™ system. 
a. Remove and properly dispose of construction erosion and sediment BMP’s per all local, state 

and federal regulations. Care should be taken during removal of the BMP’s as not to allow 
collected sediment or debris into the stormwater system. 

b. Flush the StormTank™ system to remove any sediment or construction debris immediately after 
the BMP’s removal. Follow the maintenance procedure outlined.  

 
Inspections: 
Follow all local, state, and federal regulations regarding stormwater BMP inspection requirements.  
 
Brentwood Industries makes the following recommendations: 
1. Frequency 

a. During the first service year a visual inspection should be completed during and after each major 
rainfall event, in addition to semi-annually, to establish a pattern of sediment and debris 
buildup. 

i. Each stormwater system is unique and multiple criteria can affect maintenance frequency 
such as: 
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610 Morgantown Road, Reading, PA 19611 
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 2 of 2 

 

a) System Design: pre-treatment/no-pretreatment, inlet protection, stand alone 
device. 

b) Surface Area Collecting From: hardscape, gravel, soil. 
c) Adjacent Area: soil runoff, gravel, trash. 
d) Seasonal Changes: fall-leaves, winter-salt/cinders. 

b. Second year plus; establish an annual inspection frequency based on the information collected 
during the first year. At a minimum an inspection should be perform semi-annually.  

c. Seasonal change; regional areas affected by seasonal change (spring, summer, fall, winter) may 
require additional inspections at the change of seasons in addition to semi-annually. 

2. Inspect: 
a. Inspection ports. 
b. Inflow and outflow points including the inlet/manhole and pipes. 
c. Discharge area. 

3. Identify and Report maintenance required: 
a. Sediment and debris accumulation. 
b. System backing up. 
c. Flow rate change. 

 
Maintenance Procedures: 
1. Conform to all local, state and federal regulations. 

2. Determine if maintenance is required. If a pre-treatment device is installed, follow manufacturer 
recommendations. 

3. Using a vacuum pump truck evacuate debris from the inflow and outflow points. 

4. Flush the system with clean water forcing debris from the system. Take care to avoid extreme direct 
water pressure when flushing the system. 

5. Repeat steps 3 and 4 until no debris is evident. 

 
These maintenance guidelines were written by Brentwood Industries, Inc. with the express purpose of 
providing helpful hints. These guidelines are no to be construed as the only Brentwood approved 
methods for StormTank™ system maintenance or the final authority in system maintenance. Check with 
the stormwater system owner/project engineer for their contract/specification requirements and or 
recommendations. Contact your local StormTank™ distributor or Brentwood Industries for additional 
technical support if required. 
 



Inspection and Maintenance. Easy. Convenient. 

When it rains, oils, sediment and other contaminants are captured 
and contained by over 40,000 Stormceptor units operating 
worldwide. While Stormceptor’s patented scour prevention 
technology ensures captured pollutants remain in the unit during 
all rainfall events, the accumulated pollutants must eventually be 
removed as part of a regular maintenance program.

If neglected, oil and sediment gradually build up and diminish any 
BMP’s effi ciency, harming the environment and leaving owners and 
operators vulnerable to fi nes, surcharges and bad publicity.

Maintenance is a must
Ease, frequency and cost of maintenance are often overlooked by 
specifi ers when considering the merits of a stormwater treatment 
system. In reality, maintenance is fundamental to the long-term 
performance of any stormwater quality treatment device. 

While regular maintenance is crucial, it shouldn’t 
be complicated. An ongoing maintenance 
program with Stormceptor is convenient and 
practically effortless. With virtually no disruptions, you can concentrate on 
your core business. 

Quick inspections
Inspections are easily carried out above ground from any standard surface 
access cover through a visual inspection of the orifi ce and drop tee 
components. A sludge judge and oil dip-stick are all that are needed for 
sediment and oil depth measurements. 

Easy unit access
Maintenance is typically conducted from the same surface access cover, 
eliminating the need for confi ned space entry into the unit. Your site 
remains undisturbed, saving you time and money.

MAINTENANCE

Maintenance_imbrium.indd   1 5/2/2007   8:58:38 AM



No muss, no fuss and fast
Maintenance is performed quickly and inexpensively with a 
standard vacuum truck. Servicing usually takes less than 
two hours, with no disruption to your site.

A complete stormwater management plan for Stormceptor 
extends beyond installation and performance to regular 
maintenance. It’s the smart, cost-effective way to ensure 
your unit continues to remove more pollutants than any 
other separator for decades to come. 

Stormceptor maintenance recommendations
Units should be inspected post-construction, prior to being put into service.

Inspect every six months for the fi rst year of operation to determine the oil and sediment 
accumulation rate.

In subsequent years, inspections can be based on fi rst-year observations or local 

requirements.

Cleaning is recommended once the sediment depth reaches 15% of storage capacity, (generally 
taking one year or longer). Local regulations for maintenance frequency may vary.

Inspect the unit immediately after an oil, fuel or chemical spill.

A licensed waste management company should remove captured petroleum waste products 
from any oil, chemical or fuel spills and dispose responsibly.

With over 40,000 units operating worldwide, Stormceptor performs and protects every day, 
in every storm.

•

•

•

•

•

•

www.imbriumsystems.com

USA: (888) 279 8826
CANADA: (800) 565 4801

Maintenance_imbrium.indd   2 5/2/2007   8:58:49 AM
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JCHE at Congregation Kehillath Israel                                                                                                                                      
Operation and Maintenance Log 
Inspections for Year:                          
 
Structural Best Management 
Practice 

 

Action Date 
Completed 

Comments Completed 
By 

Action Date 
Completed 

Comments Completed 
By 

Catch Basins, Area Drains, & 
Trench Drains – Inspect two 
times per year.  Clean as 
necessary or when  
sump is half full of  
sediment. 

Inspect        

Inspect        

Drain Manholes – Inspect two 
times per year. Clean as 
necessary. 

Inspect        

Inspect        

StormTank Subsurface 
Infiltration Basin – Inspect the 
basin after each major 
rainstorm for the first service 
year of operation, and per the 
manufacturer’s recommended 
minimum.  Clean and O&M per 
manufacturer’s 
recommendations. 
 

Inspect        

Inspect        

Stormceptor Water Quality Unit 
– Inspect at least two times per 
year.  Clean and O&M per 
manufacturer’s 
recommendations. 
 

Inspect        

Inspect        

Roof Drain Leaders – Inspect 
two times per year.  Clean as 
required. 

Inspect        

Inspect        



JCHE at Congregation Kehillath Israel                                                                                                                                      
Operation and Maintenance Log 
Inspections for Year:                          
 

NOTE: See Operations and Maintenance Section of Stormwater Report for details. 

Structural Best Management 
Practice 

 

Action Date 
Completed 

Comments Completed 
By 

Action Date 
Completed 

Comments Completed 
By 

Bioswale – Inspect and remove 
sediment and debris at least 
once a year.  Mow as needed. 
Mulch, fertilize, remove dead 
vegetation and prune annually. 

Inspect        

Inspect        

Vegetated Areas Maintenance – 
Inspect two times per year. 
Mow as required. 

Inspect        

Inspect        
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Exhibit 1 - Photographs of Subject Property 

 

 

Subject property auditorium entrance 

 

 

 

Side view of subject building 
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View of attached Congregation Kehillath Israel building, currently under construction 

 

 

 

Auditorium interior 
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Auditorium interior entrance 

 

 

 

Preschool classrooms in building lower level 
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View of Harvard Street from subject property  
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