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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Storm Water Management Report

Introduction:

The new Sanofi ICBF project is located at 8 New York Avenue, at the intersection of New York

Avenue and California Avenue. The project property lot area is approximately 5.54 acres (241,326-

s fl.
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2014. The project was approved and construction started. The project was halted prior to completion.

Underground utilities and storm drainage were installed and are in service. All of the site
improvements were not completed prior to the project being halted.

A subsequent plan was prepared by Tetra Tech in 2015 to stabilize the site. The Loading Dock
Concrete and heavy duty asphalt paving were installed. Additionally the parking lot Asphalt base

course was installed. Sediment and erosion control measures were installed and are currently in place

on site.

The current project site work is generally the same as the DSP project. Changes to the original plan

include the relocation of on-site utilities on the north side of the building to provide for the future
expansion of the building. The Tank farm has been expanded for to support the buildings new
function and include four 9,500 gallon tanks located within a spill containment dike. A new screen

wall will be constructed around the tank farm to minimize visual exposure of the tanks from the
public streets.

The drainage system changes occur within the site and do not impact the two outfall points. The
Water Quality Structures were installed as planned and will not be relocated for the ICBF project.

Storm drainage piping internal to the site was relocated to accommodate a future building addition.

Hydrological Information

The 24 hour rainfall depths used in these calculations for 2, 10, 25 & 100 year storm events were

3.1 ", 4.6", 5.4" and 6.4" respectively. Type III rainfall distribution was used. Natural Resources
Conservation Service (MRCS) methodologies (TR-55) were used to calculate Runoff Curve Number

(CN) and the Time of Concentration (Tc) for the drainage areas. Pondpack software (version 10) by
Haestad Methods was used in these calculations to calculate the peak rate of runoff, storage
requirement etc. Pondpack software uses NRCS (previous known as SCS) methodology.

The proposed storm drainage collection system has been designed for a twenty five (25) year storm

frequency utilizing the Rational Method and Manning's Equation. StomCAD was used to perform

the hydraulic analysis of the proposed stormwater management system (Appendix C).
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

The Existing systems that needed to be verified used the fol
lowing: Flow quantity development for

each Catch Basin (CB) and Manhole (MI-~ is determined by 
a modified Rational Method. The areas

contributing to each collection structure (CB or MH) is determine
d using the Rational Method of;

Q = CiA

Where: Q =Flow (cfs)

C =Average Coefficient of Runoff based on the surface conditions

(found in Attachment A)

For Lawn area largest "C" values was used for conservatism

i —Rainfall intensity (in /hour) using;

Drainage IDF curves provided by Massachusetts Department of

Transportation (MASSDOT) see Appendix D.

A =Drainage area contributing to flow (acres)

The Time of Concentration (T~) is calculated using a formula
 developed by the Army Corps

of Engineers for use by the Federal Aviation Administrat
ion (FAA). This formula was

selected because of its accuracy when slopes of the contribut
ing areas are relatively shallow

(0 to 5 percent).

Tc = [1.8 (1.1— 
C)Lo.s~~siis

Where: C =Average Coefficient of runoff (dimensionless)

L =Flow length (collecting structure to furthest point in contribut
ing area) (feet)

S =Average slope of contributing area along Flow Length (%)
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Sanofi ICBF Project
Framingham MA
Froject No. 63RP.3101

Stormwater Management For The Pre-develoaed Condition

There are (2) two existing drainage outlet locations on the project site (1) one is north west of the site, which

drains into an existing catch basin in New York Ave.. 'The (2"d) second outlet location is south west into a ditch

that flows ofF site.

The pre development drainage areas were completed by Tetra Tech for the DSP Project and are shown in Figure

1. The chart below shows the results from Pond Pack.

Pre-develo ed Condition
Area 1

North West
Located at an existing catch basin

Area 2
South west

Located in a swale

Draina e Area ac) 3.44 2, l7

CN Number 95.14 87.935

Time of Concertation hr 0.083 0.083

2 year storm flow cfs) 8.44 4.25

10 ear storm flow cfs 12.92 7.15

25 year storm Ilow (cfs) 15.29 8.69

100 year storm flow cfs) 18.24 10.62

Figure 1
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Sanofi [CBF Project

Framingham MA
Project No. 63RR3101

Stormwater Management For The Proaosed Condition:

There are no modifications to the drainage locations from the pre-cond
ition. The drainage areas and CN values

have slightly been modified as shown in figure 2.

Following is the summary of the drainage area in the proposed conditi
on.

Post-develo ed Condition

Area 1
North West

Located at an existing catch basin

Area 2
South west

Located in a swale

Draina e Area ac 3.60 2.00

CN Number 89.69 89.36

Time of Concertation (hr 0.083 0.083

2 ear storm flow cfs 7.53 4.12

10 ear storm flow cfs 12.36 6.80

25 ear storm flow cfs) 14.92 8.22

100 ear storm flow cfs 18.10 9.99

Figure 2
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Sanofi [CBF Project
Framingham MA
Project No. 63RIt3101

Stormwater Colloction Draina¢e Areas

Figure 3
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Area lA (South loading dock)

Q = CiA

0.26 x

0.00

0.02 x

0.28 ac

L ft

0.98 = 0.25 asphalt

0.85 0.00 stone

035 0.01 grass

0.26

C AVE _

195 ft

T c = (1.8*(1.1-C)*(L)^0.5)/(S)^1/3

C=.92

i = 6.0 in/hr (based on 10 year worst case)

A = 0.35 ac

Q = (.935) (6.0) (.28)

Q = 1.57 cfs

0.935

Elev
Change = 2.00 ft

= 0.0103 ffi/ft

= 4.11 min

Loading dock flow to be routed into an existing storm water conveyance system
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Sanofi [CBF Project
Framingham MA
Project No. 63RP.3101

Area 1B (South Roofl

Q = CiA

0.34 x 0.98 = 033 asphalt

0.00 0.85 0.00 stone

0.00 x 0.35 0.01 grass

034 ac 0.33

C AVE _

L ft 137 ft

i c — ~i.o"•`~i.i-Cj"`(ij~iv.5ji(Sj~ii3

C=.98

i = 6.0 in/hr (based on 25 year worst case)

A = 0.34 ac

Q = (.98) (6.0) (34)

Q = 1.99 cfs

0.98

Elev
Change = 0.50 ft

= 0.0036 ft/ft
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

South Site -Pipe Sizing

Trench TD-1 to Manhole Water Quality Structure (STC
 450)

Mannings Formula d

Q=(1.486/n)ARhz~sS,~z —

R=A/P

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

0.32

INPUT

D= 8 inches

d= 7 inches

n= 0.01 mannings coeff

A= 82.8 degrees

S= 0.0100 slope in/in

V=(1.49/n)RhZr~Sv2

Q=V x A

Solution to

Wetted Perimeter, Hydraulic velocity proposed

ft Radius, ft ft/s flow, cfs flow PVC 0.011

PE

1.61 0.20 5.10 1.65 1.57 (<g"dia) 0.015
PE

(>12"dia) 0.02

PE(9-
12"dia) 0.017

CMP 0.025

Length of pipe 85 ft ADS N12 0.012

Elevation 1 = 214.64 ft HCMP 0.023

Elevation 2 = 213.79 ft Conc 0.013

Delta Elevation = 0.8 ft

S- Slope (Delta
Elev/L) = 0.0100 ff/ft

Slope (%) = 1.00
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Sanofi ICBF Project
Framingham MA
Project No. 63RA310:

Manhole Water Quality Structure (STC 450) to Manhole DMH-8

Mannings Formula d

Q=(1.486/n)ARhZi3S,rz

R=A/P

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

INPUT

D= 12 inches
d= 11 inches
n= 0.011 mannings coeff

0= 67.1 degrees

S= 0.0100 slope in/in

V=(1.49/n)Rhzi3svz

Q=V X A

Solution to Manninas Equation

Wetted Perimeter, Hydraulic velocity proposed

rea,ft2 ft Radius, ft ftls Flow, cfs flow

0.75 2.56 0.30 I 5.99 4.52 1.57

Length of pipe 86 ft

Elevation 1 = 213.54 ft

Elevation 2 = 212.68 ft

Delta Elevation = 0.9 ft
S- Slope (Delta

Elev/L) = 0.0100 ft/ft

Slope (%) = 1.00

n-values

PVC 0.011

PE
(<9"dia) ~ 0.015

PE
(>12"dia) 0.02

PE(9-
12"dia) 0.017

CMP 0.025

ADS N12 0.012

HCMP 0.023

Conc 0.013
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Roof to Manhole DMH-8

Mannings Formula ~

Q=(1.486/n)ARhziasvz =

R=aP
A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

INPUT

D= 12 inches

d= 11 inches

n= 0.011 mannings coeff

8= 67.1 degrees

S= 0.0100 slope in/in

V=(1.49/n)Rhz~sS,~z

Q=V X A

n-values

Wetted Perimeter, Hydraulic velocity proposed

rea,ft2 ft Radius, ft ft/s flaw, cfs flow PVC 0.011

PE

0.75 2.56 0.30 5.99 4.52 1.99 (<9"dia) 0.015
PE

(>12"dia) 0.02

PE(9-
12"dia) 0.017

CMP 0.025

Length of pipe 29 ft ADS N12 0.012

Elevation 1 = 212.97 ft HCMP 0.023

Elevation 2 = 212.68 ft Conc 0.013

Delta Elevation = 0.3 ft

S- Slope (Delta
Elev/L) = 0.0100 ft/ft

Slope (%) = 1.00

63RR3101-C-RE-0005 
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Sanofi ICBF Project
Framingham MA
Project No. 63RA3101

Manhole DMH-8 to Endwall FES-1

Mannings Formula d

D=(1.486/n)ARhz~ss,~z —

R=A/P

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

1►11~~1

D= 15 inches
d= 14 inches
n= 0.011 mannings coeff
8= 59.9 degrees

S= 0.0100 slope in/in

V=(1.49/n)RhZr~S'n

Q=V X A

Wetted Perimeter, Hydraulic velocity proposed
rea,ft'` ft Radius, ft ff/s flow, cis flow

1.19 3.27 0.36 6.89 8.21 4.12

Length of pipe 149 ft

Elevation 1 = 212.68 ft

Elevation 2 = 211.20 ft

Delta Elevation = 1.5 ft
S- Slope (Delta

Elev/L) = 0.0099 ff/ft

Slope (%) = 0.99

PVC G.6 i i

PE
(<9"dia) 0.015

PE
(~i z ~diaj u.uz

PE(9-
12"dia) 0.017

CMP 0.025

ADS N12 0.012

RCMP 0.023

Conc 0.013
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Sanofi [CBF Project
Framingham MA
Project No. 63RR3101

Catch Basin DCB-4 to Wye Connection

n

Mannings Formula d D

Q=(1.486/n)ARhZr~S' ~2

R=AlP

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

Solution to

INPUT

D= 12 inches

d= 11 inches

n= 0.011 mannings coeff

8= 67.1 degrees

S= 0.0100 slope in/in

V=(1.49/n)Rhz~sS,~z

Q=V X A

Wetted Perimeter, Hydraulic I velocity proposed

rea,ft ft Radius, ft ft/s flow, cfs flow

0.75 2.56 0.30 5.99 4.52 0.55

Length of pipe 20 ft

Elevation 1 = 211.91 ft

Elevation 2 = 211.71 ft

Delta Elevation = 0.2 ft

S- Slope (Delta
Elev/L) = 0.0100 ff/ft

Slope (%) = 1.00

Mannina's n-values

PVC 0.011

PE
(<9"dia) 0.015

PE
(>12"dia) 0.02

PE(9-
12"dia) 0.017

CMP 0.025

ADS N12 0.012

HCMP 0.023

Conc 0.013
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Sanofi ICBF Project
Framingham MA

Project No. 63RF3101

South Site -Channel Sizing

Area 1 C (South ditch)

Q=CiA

0.07 x

0.03

0.19 x

0.29 ac

L ft

0.98 = 0.07 asphalt

0.85 0.03 stone

03~ 0.07 grass

0.17

C AVE _

336 ft

T ~ _ (i.a*~i.t-c~T~r.~^o.s~i~s~^iii

C=.56

i = 3.4 in/hr (based on 25 year)

A = 0.29 ac

Q = (.56) (3.4) (.29)

Q=0.55 cfs

Channel flow to existing Catch Basin

0.56

Elev
Change = 3.00 ft

= O.OQR9 ftlft

= 18.48 min
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Channel flow Capacity

Mannings Formula

~; D _~
dI ~,

z Z

Q = (
1.486/n)AR,,2~3S'~z I~♦I

R = A/P

A =cross sectional area

P= wetted perimeter

S =slope of channel V = (
1.49/n)Rh2~3S'~Z

n = Manning's roughness Q = V x

coe~cient A

z (sideslope)=
z (sideslope)=
b (btm width,

ft)=

d (depth, ft)=
S (slope, ft/ft)

n low -

n n;gh =

Low N High N

Wetted

Depth, Perimeter, Hydraulic Velocity, Velocity,

ft Area, sf ft Radius, ft fps Flow, cfs fps Flow, cfs

0.5 1.25 4.16 0.30 3.394708 4.243385 1.648858 2.061073 T =
Dm =

Proposed Channel Depth — 0.5'

Proposed Channel Capacity — 2.06 cfs

Required Channel Capacity — 0.55 cfs

63RR3101-C-RE-0005 
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

North West Side

Area 5 (North Rood

Q=Ci^.

1.03 x 0.95 = 0.98 asphalt

Q.00 0.85 0.00 stone

0.0~ x 0.35 0.00 grass

1.03 ac x.98

C AVE _

C=.95

i = 6.0 in/hr (based on 25 year)

A = 1.03 ac

Q = (.95) (6.0) (1.03)

Q=5.87cfs

Roof drainage

0,95
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Roof to MH SS 1

D

d /
Mannings Formula p

Q=(1.486/n)AR,,z~ss vz

R=A/P

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient
M

P►11~

D= 18 inches

d= 17 inches

n= 0.012 mannings coeff

8= 54.5 degrees

S= 0.0050 slope in/in

V=(1.49/n)Rhz~ss~~z

Q=V X A

Wetted Perimeter, Hydraulic velocity proposed

rea,ft ft Radius, ft ff/s flow, cfs flow

1.73 4.00 0.43 5.01 8.65 5.87

Length of pipe 76 ft

Elevation 1 = 214.76 ft

Elevation 2 = 214.38 ft

Delta Elevation = 0.4 ft

S- Slope (Delta
Elev/L) = 0.0050 ft/k

Slope (%) = 0.50

Mannina's n-values

PVC 0.011

PE
(<9"dia) 0.015

PE
(>12"dia) 0.02

PE(9-
12"dia) 0.017

CMP 0.025

ADS N12 0.012

HCMP 0.023

Conc 0.013
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Sanofi ICBF Project
Framingham MA
Project No. b3RR3101

1VIH S51 to MH S52

Mannings Formula

D

~—rte ------

d \/
D

Q={1.486/n)ARhz~ssvz

R=A/P

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

Solution to M

Wetted Perimeter, Hydraulic velocity
Area,fiz ft Radius, ft ff/s

1.73 4.00 0.43 3.54

Q=V X A

flow, cfs

6.12

L.~.^.̂ith Cf vID~ 11 Q k

Elevation 1 = 213.80 ft

Elevation 3 = 213.50 ft

Delta Elevation = 0.3 ft
S- Slope (Delta

Elev/L) = 0.0025 ft/ft

Slope (%) = 0.25

INPUT

L~ 18 ;~che~
d= 17 inches
n= 0.012 mannings coeff
8= 54.5 degrees

S= 0.0025 slope in/in

n-values

proposed
flow PVC

PE

0.011

5.87 (<9"die) 0.015
PE

(>12"die)
PE(9-

0.02

12"die) 0.017

CMP 0.025

A.DS y~? n,Q~?

RCMP I 0.023

Conc 0.013
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

MH S52 to DMH 3

Mannings Formula d

Q=(1.486/n)ARhz~ss,~z —

R=A/P

A=cross sectional area

P=wetted perimeter

S=slope of channel

n=Manning's roughness coefficient

1.73

INPUT

D= 18 inches

d= 17 inches

n= 0.012 mannings coeff

8= 54.5 degrees

S= 0.0025 slope in/in

V=(1.49/n)Rhz~3s,~z

Q=V X A

Solution to

Wetted Perimeter, Hydraulic velocity proposed

ft Radius, ft Ws Flow, cfs flow PVC 0.011

PE

4.00 0.43 3.54 6.12 5.87 (<9"dia) 0.015
PE

(>12"dia) 0.02

PE(9-
12"dia) 0.017

CMP 0.025

Length of pipe 110 ft ADS N12 0.012

Elevation 1 = 213.50 ft RCMP 0.023

Elevation 2 = 213.23 ft Conc 0.013

Delta Elevation = 0.3 ft

S- Slope (Delta
Elev/L) = 0.0025 ft/ft

Slope (%) = 0.25
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Sanofi ICBF Project
Framingham MA
Project rlo. 63RR3101

DMH 3 to DMH 2

Mannings Formula

Q=(1.486/n)ARh2~3S,~2

R=A/P

A=cross sectional area

P=weited perimeter

S=slope of channel

n=Manning's roughness coefficient

Solution to

INPUT

D= 18 inches
d= 17 inches
n= 0.013 mannings coeff

8= 54.5 degrees

S= 0.0050 slope in/in

V= (1.49/n) R,,Z"~ S' ~Z
Q=VXA

Wetted Perimeter, Hydraulic velocity proposed

Area,ft2 ft Radius, ft ff/s flow, cfs flow PVC 0.011

PE

1.73 4.00 0.43 4.62 7.99 5.87 (<9"dia) 0.015
PE

(>12"dia) 0.02
PE(9-

12"dia) 0.017

r_.~np p.n?5

Length of pipe 30 ft ADS N12 0.012

Elevation 1 = 213.23 ft RCMP 0.023

Elevation 2 = 213.08 h Conc 0.013

Delta Elevation = 0.1 ft
S- Slope (Delta

Elev/L) = 0.0050 ft/ft

Slope (°/a) = 0.50 °/a

63RR3101-C-P.E-CCOS Page 20 of ~9 Rev A - 1 U23/!6



Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Summary and Conclusion:

Following is the summary of the computations for the pre-de
veloped and post developed condition for this

project.

The Post condition for Area 1 and Area 2 do not exceed the f
lows from the Pre condition as shown in the tables

below. With the information provided there is no need for mo
difications for the existing drainage locations

shown in figure 2 and 3

Pre vs. Post-develo ed Condition Area 1 North West

Pre-Condition Post-Condition 4

Draina e Area (ac 3.44 3.60 0.16

CN Number 95.14 89.69 -5.45

Time of Concertation (hr 0.083 0.083 0

2 year storm flow cfs) 8.44 7.53 -0.91

10 year storm flow cfs) 12.92 12.36 -0.56

25 year storrn flow (cfs) 15.29 14.92 -0.37

100 year storm flow cfs) 18.24 18.10 -0.14

Pre vs. Post-develo ed Condition Area 2 South West

Pre-Developed Condition Post-Developed Condition 4

Drainage Area (ac) 2.17 2.00 -0.17

CN Number 87.935 89.36 1.425

Time of Concertation (hr 0.083 0.083 0

2 year storm flow cfs) 4.25 4.12 -0.13

10 year storm flow cfs 7.15 6.80 -0.35

25 year storm flow cfs 8.69 8.22 -0.47

100 yeaz storm flow (cfs 10.62 9.99 -0.63
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Pipe Summary

U
LL

? LL
N

V INVERT ELEVATIONN W

U~ W LL ~ ~
O ~ Q ~ wa ~ w a
LL

~a
~

~ ~ W U
~ N W

a
a w UP DOWN

~ a a a a STREAM STREAM
a

Trench Ex WQS 0.35 1.57 0.01 8 85 1.65 214.64 213.79

Ex WQS Ex MH 8 0.35 1.57 0.01 12 86 4.52 213.54 212.68

Roof Ex MH 8 0.34 1.99
0.01

12 29 4.52 212.97 212.68

Ex MH 8 Outfall 0.69 4.12
0.01

15 149 8.21 212.68 211.20

Ex CB 4
Wye

connection 0.98 0.55 0.01 12 20 4.52 211.91 211.71

South Existing condition

Roof S5 0.01 0.08 0.005 12 107 2.91 215.77 215.24

Trench S5 0.42 2.12 0.01 12 11.5 4.14 216.32 216.21

S5 S4 0.42 2.12 0.0025 15 65 3.73 215.14 214.98

S4 S3 0.42 2.10 0.0025 15 117 3.75 214.88 214.59

S3 S2 0.42 2.06 0.0025 15 131 3.78 214.49 214.16

DCB-3 S2 0.40 2.30 0.01 12 7 4.14 215.95 215.88

S2 S1 0.82 4.18 0.0025 18 193 5.97 214.06 213.60

DCB-2 S1 0.48 2.36 0.01 12 7 4.14 213.84 213.77

S1 STS 900 1.30 6.22 0.0032 18 46 6.91 213.55 213.40
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

North East Proposed Condition

LL Z
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N
V INVERT ELEVATION

Q ~ W

C? F lu F

~ a ~~ va WQ
z Q

~
a ~ ~

w a

p ~
°
N a

w
a

v
w UP DOWN

~ a a a a STREAM STREAM

a
a

Roof S51 1.03 5.87 0.005 18 76 8.65 214.76 214.38

S51 S52 1.03 5.87 0.0025 18 119 6.12 213.80 213.50

S52 DMH 3 1.03 5.87 0.0025 18 110 6.12 213.50 213.23

DMH 3 DMH 2 1.03 5.87 0.005 18 30 7.99 213.23 213.08

North West Proposed Condition
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Appendix A Pond Pack Model Calculation

(Pre-Development Condition)
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Master Network Summary

Catchments Summary

Label Scenario Realm Hydrogreph

Event Volume
fvearsl fac-ftl

T(me to Peak Peak Flav

Choirs) (R3/s)

2-8 NYA NORTH
~~ Development 2 Z 0.734 12.100 8.44

2-8 NYA NORTH
R~ Development 10 10 1.157 12.100 12.92

2-8 NYA NORTH
R~rDevelopment?S ~ 1384 12.100 15.29

2-8 NYA NORTH
R~eDevelopment 100 100 1.669 12.100 18.24

2-8 NYA SOUTH
AeDevelopment 2 Z 0.341 12.600 2.09

year

2-8 NYA SOUiH
R~ Development 10 10 0.589 12.550 3.57

2-6 NYA SOUTH
~~ Development 25 u 0.731 12.100 8.69

2-8 NYA SOUTH
~~ Development 100 100 0.904 12.100 10.62

Node Summary

Label Scenario Return Hydrograph Time to Peak Peak Flaw

Event volume (hours) (R3/s)

/vearsl (ao-ftl

NEW YORKAVE
R~Development2 z 0.734 12.100 8.44

year

NEW YORK AVE
~~ Development 10 10 1.157 12.100 12.92

NEW YORK AVE
~~ Development 25 ~ 1.384 12.100 15.29

NEW YORK AVE
R~ Development 100 100 1.669 12.100 18.24

IXI5fING DRAINAGE Re~Development 2 z 0341 12.600 2.09

SWALE year

IXISTING DRAINAGE Pre~Development 10 10 0.589 12.550 3.57

SWALE year

IXISTING DRAINAGE PreDevelopment 25 u 0.731 12.100 8.69

SWALE year

IXISTING DRAINAGE Pr~Development 100 100 0.904 12.100 10.62

SWALE ear

Pre condtion slomrweter-1.ppc

10882018

Bentley 9yslems, lnc. Hassled Me[hods Sdudm

Center

27 Sfamm Company Drive Stile 200 W

Watertown, CT 08785 US4 +7-20376S7B86

Page 25 of 49

Bentley PondPeck VBi
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary Return Event: 2 years

Label; 2-8 NYA NORTH Storm Event: 2 year

Storm Event 2 year

Retum Evert 2 years

Duratlon 24.000 hours

Depth 3.1 in

Time of Concentration 0.063 hours
(Composite)

Area (User Definecn 3.440 acres

Computational Time C.011 hcu
Increment

Time to Peak (Computed) 12.100 hours

Flow (Peak, Computed) 8.4q ft3/s

Output Increment 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated $ qq ft,~s
Output)

Drainage Area

SCS CN (Composite) 95.140

Area (User DeFnec~ 3.440 acres

Maximum Retention 0.5 in
(Pervious)

Maximum Retention 0.1 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth Z,6 In
(Pervious)

Runoff Volume (Pervious) O.T34 ac-R

Hydrogreph Volume (Area under Hydrograph curve)

Volume O.T34 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration
(Com(~Slte)

v.uv3 iiuuio

Compu~tlonalTime 0.011 hours
Increment

Unit Hydrograph Shape qg3 43z
Factor

K Fac6or 0.749

Receding/Rising, Tr/Tp 1.670

Unit peak, qp 46.77 ft'/s

Unit peak time, Tp 0.056 hours

Unit rxeding Ifmb, Tr 0.222 hours

Toil unit time, Tb 0.278 hours

Bentley S/slems, Inc. Hassled Methods Sdudon Bentley PondPeck V8i
Ae condtion stomrwalar-t.ppc Canter [08.11.01.51]
10282018 27 Siemm Company Drive Sulla 200 W Page 2 of 10

Watertown, CT 06796 US4 +1-203755 t886

63RR3101-C-RE-0005 Page 26 of 49 Rev A - 11/23/16



Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary 
Return Event: 10 years

Label: 2-8 NYA NORTH 
Storm Event: 10 year

Storm Event 10 year

ReWrn Event 10 years

Duration 24.000 hours

Depth 4.6 in

Time of Concentration 0.083 hours
(Composite)

Area (User Deflne~ 3.440 acres

Computational Time 0.011 hours
Increment

Time to Peak (Computed} 12.100 hours

Flow (Peak, Computed) 12.92 ft3js

output Increment 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flow (Peak Irrterpolated 12.92 ft'/s
Output)

Drainage Area

SCS CN (Composite) 95.140

Area (User Defined 3.440 acres

Maximum Retention 0.5 in
(Pervious)

M~imum Retention 0.1 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 4.0 in
(Pervious)

Runoff Volume (Pervious) 1.158 ac-ft

Hydrograph Volume (Area under Hydrograp
h curve)

Volume 1.157 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape 483.432
Factor

K Fac6or 0.749

Receding/Rising, Tr/Tp 1.670

Unit peak, qp 46.77 ft3/s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Total unit time,Th 0.278 hours

Bentley Systems, Inc. Hassled Methods Sdu6on 
Bentley PondPack VBi

Pre conddon stomrwater-t.ppc 
Center 

[08.11.07.57]

10282018 27 Siemm Company Oriva SLite 200 W 
Page 3 of 70

Watertown, CT 08796 US4 +7-20&755.1886
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Subsection: Unit Hydrogreph Summary Return Event: 25 years

Label: 2-8 NYA NORlN Storm Event: 25 year

Storm Event 25 year

Return Event 25 years

Duration 24.000 hours

Depth 5.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User Defined 3.440 acres

Compuladonal Time 0.01: h:.t:
increment

Time to Peak (Computed) 12.100 hours

Flow (Peak, Computed) 15.29 ft'/s

Output Increment 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flow (Peak [r~terpolated 1519 ft'/s
Output)

Drainage Area

SCS CN (Composite) 95.140

Area (User DeFlne~ 3.440 acres

Maximum Retention 0.5 In
(Pervious)

Maximum Retention 0.1 In
(Pervious, 20 percept)

Cumulative Runoff

Cumulative Runoff Depth 4,8 in
(Pervious)

Runoff Volume (Pervious) 1385 ac-R

Hydrograph Volume (Area under Hydrograph curve)

Volume 1384 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration
(Composite) ~'~"'J ~~""'

Compu~tional Time 0.011 hours
Increment

Unit Hydrograph Shape qg3 43z
Factor

K Facbx 0.749

Receding/Rising, Trip 1.670

Unit peak, qp 46.77 R3/s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Toil unit time, Tb 0.278 hours

Bentley Systems, Inc. Haested Methods Sdudon Bentley PondPack VBi
Re oondtion slomrweter-1.ppc Center [08.11.01.51]
1028/2016 27 Slemm Company Dtive Suite 200 W Page 4 of 10

Watertown, CT 08796 US4 +1.2037651886
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrogreph Summary

Label: 2-8 NYA NORTH

Storm Event 100 year

Return Event 100 years

Duratlon 24.000 hours

Depth 6.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User Defined 3.440 acres

Computational Time 0.011 hours
Increment

Time Yn Ppak (Computed) 12.100 hours

Flow (Peak, Computed) 18.24 ft'/s

Output Increment 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated 18.24 ft'/s
Output)

Drainage Area

SCS CN (Compcuite) 95.140

Area (User Definet~ 3.440 acres

Maximum Retention 0.5 (n
(Pervious)

Maximum Retention 0.1 In
(Pervious, 20 percent)

Cumulative Runofr

Cumulative Runoff Depth 5.8 in
(Pervious)

Runoff Volume (Pervious) 1.670 ac-ft

Hydrograph Volume (Area under Hydrograph curve
)

Volume 1.669 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computadorel Time 0.011 hours
Increment

Unit Hydrogreph Shape 483.432
Factor

K Fac6or 0.749

Receding/Rising, Tr/Tp 1.670

Unit peak, qp 46.77 ft'/s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Toil unit time, Tb 0.278 hours

Re condtlon stomrweterl.ppc
iorzsrzo~s

Bentley Systems, Inc. Heeslad Methods Sdutim
Center

27 Sfemm Company Drive 9~ite 200 W
Watertown, CT 08796 US4 +1-20&7551866

Return Event: 100 years

Storm Event: 100 year

8mtley PondPack V8i
(08.17.01.51]
Page 5 of f 0
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary Return Event: 2 years

La6ei: 2-8 NYA SOUTH Storm Event: 2 year

Storm Event 2 year

Return Event 2 years

Duration 24.000 hours

Depth 3.1 in

Time of Concentration 0.083 hours
(Composite)

Area (User Define 2.170 acres

Compuladonal Time p,;ll hou
Increment

Time to Peak (Computed) 12.616 hours

Flow (Peak, Computed) 2.09 ft'/s

Output [ncrement 0.050 hours

Time to Flow (Peak 12.600 hours
Interpolated output)

Flow (Peak Interpolated z 09 ft,~s
Output)

Drainage Area

SCS CN (Composite) 57.935

Area (User DefinecQ 2.170 acres

Maximum Retention 1.4 In
(Pervious)

Maximum Retention 03 In
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 1.9 in
(Pervious)

Runoff Volume (Pervious) 0344 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.341 ac-ft

SCS Unit Hydrograph Parameters

Tlme of Corcentratlon
(Composite) ~•""' ~~~`~"

Compu~tiorel Time 0.111 hours
Increment

Unit Hydrograph Shape 483.432
Factor

K Facbx 0.749

Rxeding/Rising, Tr/Tp 1.670

Unit peak, qp 2.96 ft3/s

Unit peak time, Tp 0.553 hours

Unit rxeding I(mb, Tr 2.213 hours

Total unit time, T6 2.767 hours

Bentley Systems, Inc. Haested Methods Sduban Bentley PandPeck VBi
Pre conddon stomrweter-i.ppc Center (OBJ 1.01.51
1028!2018 27 Siemm Company ~nve Sulte 200 W Page 8 0/ 10

Watertown, CT 08795 US4 +1-20&755-1666
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unft Hydrogreph Summary
Return Event: 10 years

Label: 2-8 NYA SOUTH
Storm Event: 10 year

Storm Event 10 year

Return Event 10 years

Duration 24.000 hours

Depth 4.6 in

Time of Concentration 0.083 hours
(Composite)

Area (User DeFine~ 2.170 acres

Computadarel Time 0.111 hours
Increment

Time to Peak (Computed) 12.505 hours

Flow (Peak, Computed) 3.57 ft'/s

Output Increment 0.050 hours

Time to Flow (Peak 12.550 hours
Interpolated Output)

Flow (Peak Interpolated 3,57 ft'/s
Output)

Drainage Area

SCS CN (Composite} 87.935

Area (User Define 2.170 acres

Maximum Retention 1.4 in
(Pervious)

Maximum Retention 03 fn
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 3.3 in
(Pervious)

Runoff Volume (Pervious) 0.594 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.589 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Compu~dorwl Time 0.111 hours
Increment

Unit Hydrograph Shape 483,432
Factor

K Facer 0.749

Receding/Rfsing,Tr/fp 1.670

Unit peak, qp 2.96 R3/s

Unit peak time, Tp 0.553 hours

Unit receding Iimb, Tr 2.213 hours

Total unit t(me, T6 2.767 hours

Bentley Systems, Inc. Hassled Methods Sdution 
Bentley PondPack V8i

Pre condUon sWmrweter-1.ppc 
Center [08.77.01.51]

10282018 27 Siemon Company Drive Suite 200 W 
Page 7 of 10

Watertown, CT 08795 US4 +7-203755-7 868
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Sanofi [CBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrogroph Summary Return Event: 25 years

Label: 2-8 NYA SOUTH Storm Event: 25 year

Storm Event 25 year

Return Event 25 years

Duratlon 24.000 hours

Depth 5.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User Defined 2.170 acres

Computational Time 0.011 hcu
Increment

Time to Peak (Computed) 12.100 hours

Flow (Peak, Computed) 8.69 ft'Js

Output Increment 0.050 hours

Time to Flaw (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated 8.69 ft3/s
Output)

Drainage Area

SCS CN (Composite) 87.935

Area (User Deflnec~ 2.170 acres

Maximum Retention 1.4 fn
(Pervious)

Maximum Retention 03 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 4.0 in
(PENIOUS~

Runoff Volume (Pervious) 0.731 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.731 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration
(Composite) "."°' ""~'

Compulatlonal Time 0.011 hours
Increment

Unit Hydrograph Shape qg3 43z
Factor

K Fac6or 0.749

Receding/Rising, Tr/fp 1.670

Unit peak, qp 29.50 ft'Js

Unit peak tlme, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Total unit time, Tb 0.278 hours

Bentley Systems, Inc. Haeshd Methods Sdulim Bentley PondPack VBi

Re condGon slomrwater-1.ppo Center ~08.N.01.51]

10262018 27 Siemm Company Drive Sufte 200 W Page 8 of 10

Watertown, CT 08795 US4 +1-20}7657886
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Subsection: Unit Hydrograph Summary
Return Event: 100 years

Label: 2-8 NYA SOUTH
Storm Event: 100 year

Storm Event 100 year

Return Event 100 years

Duration 24.000 hours

Depth 6.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User Defined 2.170 acres

Compulatiorel Time 0.011 hours
Increment

Time to Peak (Computed) 12.100 hours

Flow (Peak, Computed) 10.62 R'/s

Output Increment 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated 10.62 ft'/s
Output)

Drainage Area

SCS CN (Composite) 87.935

Area (User Defined 2.170 acres

Maximum Retention 1.4 in
(Pervious)

Maximum Retention 03 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 5.0 in
(Pervious)

Runoff Volume (Pervious) 0.905 ac-R

Hydrograph Volume (Area under Hydrograph cur
ve}

Volume 0.904 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computatlonal Time 0.011 hours
Increment

Unit Hydrograph Shape gg3,432
Factor

K Fac6or 0.749

Receding/Rlsing,Tr/Tp 1.670

Unit peak, qp Z9.50 ft3Js

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Total unit time, Tb 0.278 hours

Bentley Systems, Inc. Heeztad Methods Sdutim 
Bentley PondPeck V8i

Re oondlion stomrweter-7.ppe 
Center 

[08.11.01.57]

10282016 
27 Siemm Company Uriva SLite 200 W 

Page 9 of 10

Watertown, CT 08795 US4 +t-20&7551686
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Sanoft ICBF Project
Framingham MA
Project No. 63RR3101

Appendix B Pomd Pack Model Calculation
(Post-Development Condition)
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Master Network Summary

Catchments Summary

Label Scenario Retum Hydrograph Time to Peak Peak Flow

Event Volume (hours) (ft;/s)

(veers) (ao-ft)

2-8 NYA NORTH
evelopment 2 2 0.616 12.10 7.53

Y~R

2-8 NYA NORTH
~R evelopment SO 10 1.040 12.100 12.36

2-8 NYA NORTH
evelopment 75 ZS 1271 12.100 14.92

Y~R

2-8 NYA NORTH
'Development 100 1.564 12.100 18.10

100 YEAR

2-8 NYA SOUTH
evelopment 2 Z 0.337 12.100 4.12

Y~R

2-8 NYA SOUTH
evelopment 10 10 0.571 12.100 6.80

Y~R

2-8 NYA SOUTH
evelopment 25 z5 0.699 12.100 8.22

Y~R

2-8 NYASOUTH
'Development 100 0.860 12.100 9.99

100 YEAR

Node Summary

Label Scenario Return Hydrograph Time to Peak Peak Flan

Event Volume (hours) (ft'/s)

(Years) (ao-ft)

NEW YORK AVE
~-R evelopment 2 Z 0.616 12.100 7.53

NEW YORK AVE
evelopment 10 10 1.040 12.100 12.36

Y~R

NEW YORKAVE
~R evelopment25 ZS 1.271 12.100 14.92

NEW YORK AVE
Pmt Development 100 1.564 12.100 18.10

100 YEAR

EXISTING DRAINAGE Post Development 2 Z 0.337 12.100 4.12

SWALE YEAR

EXISTING DRAINAGE Post Development 10 10 0.571 12.100 6.80

SWALE YEAR

D(ISTING DRAINAGE Post Development 25 z5 0.699 12.100 8.22

SWALE YEAR

EXISTING DRAINAGE Post Development 100 0.860 12.100 9.99

SWALE 100 YEAR

Post condion stomnvater-t.ppc
102612016

Begley S~rstems, Ine. Heesfad Methods Solution
Center

27 Siemon Canpany Drive Suke 200 W
Watertown, CT 08795 USA +1.203-7551686

Bentley PmdPack VBi
[08.11.01.57]
Pege 1 of10

63RR310l-C-RE-0005 
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Subsection: Unit Hydrograph Summary Return Event: 2 years

Label: 2-8 NYA NORTH Storm Event: 2 year

Storm Event 2 year

Return Event 2 years

Duration 24.000 houre

Depth 3.1 in

Time of Concentration 0.083 hours(Composite)

Area (User Defirxd) 3.610 acres

Computational Time 0.011 hcurIncrement

Time to Peak (Computed 12.100 hours

Flow (Peak, Computed 7.53 ft'/s

Output Increment 0.050 hours

Time to Flow (Peak 12.100 hours
interpolated Ougwt)

Flow (Peak Interpolated 7.53 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.690

Area (User Defined) 3.610 acres

Maximum Re~ndon 1.1 in
(Pervious)

Maximum Rete~tlon 0.2 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Ruraff Depth 2,0 in
(Pervious)

Runoff Volume (Perviois) 0.616 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.616 ac-R

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational T(me 0.011 hoursIncrement

Unit Hydrograph Shape 483.432
Factor

K Factor 0.749

RecedinglRising, TrJTp 1.670

Unit peak, qp 49.08 ft3/s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Total unit time, Tb 0.278 hours

Bentley Systems, Inc. Hassled Methods Solution Bentley PmdPeck V81
Post condion stomiwetervt.ppc Center ~08.71.01.51J
1012&2018 27 Slemon Company Drive Suite Z00 W Paga 2 of 10

WetMmvn, CT 08795 USA +1-20.47551668
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary 
Return Event: 10 years

Label: 2-8 NYA NORTH 
Storm Event: 10 year

Storm Event 10 year

Return Event 10 years

Duration 24.000 hours

Depth 4.6 in

Time of Corxentratlon 0.083 hours
(Composite)

Area (User Defined) 3.610 acres

Computational Time 0.011 hours
Inttement

Time ho Peak (Computed 12.100 hours

Flow (Peak, Computed 12.36 ft'/s

Output Incremerd 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Ou~ut)

Flow (Peak In~rpolated 12.36 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.690

Area (User Defined) 3.610 acres

Maximum Retention 1.1 in
(Pervious)

Maximum Retention 0.2 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 3.5 in
(Pervious)

Runoff Volume (Pervious) 1.041 ac-ft

Hydrograph Volume (Area under Hydrograph cur
ve)

Volume 1.040 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape 483.432
Factor

K Factor 0.744

RecedinglRisirg, Tr/Tp 1.670

Unit peak, qp 49.08 ft3(s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0122 hours

Total unit time, Tb 0.278 hours

Bentley Systems, Inc. Haested Metl~ods Solution 
Bentley PmdPack VBi

Post condion stomtwa[er•1.ppc 
Center 

[OB.11.01.57~

102flr2078 
27 Siemon Canpeny Drive Suite 200 W 

Pege 3 of10

WatMcwn, CT 08795 USA +1.203-75Si6
66
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrogreph Summary Return Event: 25 years

Label: 2-8 NYA NORTFI Storm Event: 25 year

Storm Event 25 year

Return Event 25 years

Duration 24.000 hours

Depth 5.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User DeFlned) 3.610 acres

Computational Time 0.011 hour
Increment

Time to Peak (Computed 12.100 hours

Flow (Peak, Computed 14.92 fN/s

Output Incremerrt 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flaw (Peak Interpolated 14.92 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.690

Area (User Defined) 3.610 acres

Maximum Retention 1.1 in
(Pervious)

Maximum Retention 0.2 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 4 z ~~
(Pervious)

Runoff Volume (Pervious) 1.272 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 1.271 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Un(t Hydrograph Shape gg3.432
Factor

K Factor 0.749

Receding~Rising, Tr/Tp 1.670

Unit peak, qp 49.08 ft3/s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Total unit tlme, Tb 0.278 hours

Bentley Systems, Inc. Haestad Methods SoNfion Bentley PmdPack VBi
Post condlon stomnvater-1.ppc Center ~OB.11.01.51
1028!2018 27 Siemon Canpany Drive Sufte 200 W Pega 4 of 10

Watertown, CT 06795 USA +1-20&7551866
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary
 Return Event: 100 years

Label: 2-8 NYA NORTH 
Storm Event: 100 year

Storm Event 100 year

Return Event 100 years

Duration 24.000 hours

Depth 6.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User Defined) 3.610 acres

Computational Time 0.011 hours
Increment

Time ho Peak (Computed) 12.100 hours

Flow (Peak, Compute 18.10 ft3Js

Output Increment 0.050 hours

Time to Flan (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated 18.10 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.690

Area (User Defined) 3.610 acres

Maximum Retention 1.1 in
(Pervious)

Maximum Rebendon 0.2 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Ruraff Depth 5.2 in
(Pervious)

Runoff Volume (Pervious) 1.565 ac-R

Hydrograph Volume (Area under Hydrograph 
curve)

Volume 1.564 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape gg3.432
Factor

K Factor 0,749

Rxeding/Rising, Tr/Tp 1.670

Unit peak, qp 49.08 fN/s

Unit peak time, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Totai unit tlme, Tb 0.278 hours

Bentley Systems, Inc. Heested Methods Solution 
Bentley PmdPack VBi

Post condion stomnvateo-1 .ppc 
Center 

X08.71.01.51]

702&2018 
27 Siemon Canpany Drive Suke 200 W 

Paga 5 of 10

WetwWwn, C7 08795 USA +1.273~75fr1666
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection; Unit Hydrograph Summary Return Event: 2 years

Label: 2-8 NYA SOUTH Storm Event: 2 year

Storm Event 2 year

Return Event 2 years

Duration 24.000 hours

Depth 3.1 in

Time of Concentration 0.083 hours
(Composite)

Area (User DeFlned) 2.000 acres

Computational Time O.CS: hour
Increment

Time bo Peak (Computed) 12.100 hours

Flow (Peak, Compute 4.12 ft'/s

Output [ncremerrt 0.050 hours

Time to Flan (Peak 12.100 hours
Interpolated Ou~ut)

Flow (Peak Interpolated 4.12 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.360

Area (User Defined) 2.000 acres

Maximum Retention 1.2 in
(Pervious)

Maximum Retention 0.2 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative RunofF Depth 2,0 in
(Pervious)

Runoff Vdume (Pervious) 0337 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.337 ac-R

SCS Unit Hydrograph Parameters

Time of Concentratlon O.OH:i hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape gg3.432
Factor

K Factor 0.744

RecedingJRising, Tr/Tp 1.670

Unit peak, qp 27.19 ft'/s

Unit peak time, Tp 0.056 hours

Unit rxeding limb, Tr 0.222 hours

Toil unit time, Tb 0.278 hours

Bentley S~jstems, Inc. Heestad Methods Solufion Bentley PmdPack VBi
Past condion stomrwetar-t.ppc Center ~OB.11.01.51)
10!28/2016 27 Slemoa Company Drive Suite 200 W Pege 6 of i D

Watertown, CT 06795 USA +1-203-755 1668
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrogreph Summary

Label: 2-8 NYA SOUTH

Storm Event 10 year

Return Event 10 years

Duration 24.000 hours

Depth 4.6 in

Time of Concentration 0.083 hours
(Composi[e)

Area (User Defined) 2.000 acres

Computational Time 0.011 hours
Increment

Time to Peak (Computed 12.100 hours

Flow (Peak, Computed 6.80 ft'/s

Ou~ut Increment 0.050 hours

Time to Flan (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated 6.80 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.360

Area (User Defined) 2.000 acres

Maximum Retention 1.2 In
(Pervious)

Maximum Rehention 0.2 ih
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 3.4 in
(Pervious)

Runoff Volume (Pervious) 0.571 ac-it

Hydrograph Volume (Area under Hydrograph c
urve)

Volume 0.571 ac-ft

SCS Unit Hydrograph Parameters

Time of Corxentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape 483.432
Factor

K FacOor 0.749

RecedinglRising, Tr/Tp 1.670

Unit peak, qp 27.19 ft3/s

Unit peak time, Tp 0.056 hours

Unit receding Iimb, Tr 0.222 hours

Total unit time, Tb 0.278 hours

Past condion stomweter-t.ppc
10l26I2018

Bentley Systems, Ine. Heeslnd Methods SaluUon
Center

27 Siemon Canpeny Drive Suke 200 W
Wa[erWwn, CT 08795 USA +1-2037651866

Return Event: 10 years

Storm Event: 10 year

Bentley PmdPack VBi
[08.11.01.51]
Paga 7 of 10
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary Return Event: 25 years

Label: 2-8 NYA SOUTH Storm Event: 25 year

Storm Event 25 year

Return Event 25 years

Duration 24.000 hours

Depth 5.4 in

Time of Concentration 0.083 hours
(Composite)

Area (User Defined) 2.000 acres

ComputatlonalTime ~e~~ h„~~~
Increment

Time ~ Peak (Computed 12.100 hours

Flow (Peak, Computed) 8.22 ft'/s

Output[ncrement 0.050 hours

Time to Flan (Peak 12.100 hours
Interpolated Ou~ut)

Flow (Peak In~rpolated g,z2 ft'Js
Output)

Drainage Area

SCS CN (Composite) 89360

Area (User Defined) 2.000 acres

Maximum Retention 1.2 in
(Pervious)

Maximum Rehention 0.2 in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Ruraff Depth 4.2 In
(Pervious)

Runoff Volume (Pervious) 0.699 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.699 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape 483.432
Factor

K Factor 0.749

Receding~Rising, Tr/Tp 1.670

Unit peak, qp 27.19 ft3/s

Unit peak dme, Tp 0.056 hours

Unit rxeding limb, Tr 0.222 hours

Total unit tlme, Tb 0,278 hours

Bentley Systems, Inc. Heested Methods Solution Bentley PmdPack VBi
Post condion stomiwater-1.ppc Center (08.11.01.51]
102&2016 27 Siemon Company Dr'rve SuHe 200 W Page 8 of 10

Watertown, CT 08795 USA +7-2037551866
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Sanofi ICBF Project
Framingham MA

Project No. 63RR3101

Subsection: Unit Hydrograph Summary 
Return Event: 100 years

Label: 2-8 NYA SOUTH 
Storm Event: 100 year

Storm Event 100 year

Return Event 100 years

Duration 24.000 hours

Depth 6.4 in

Time ofCancentration 0.083 hours
(Composi[e)

Area (User Defined) 2.000 acres

Computational Tfine 0.011 hours
Increment

Time to Peak (Computed 12.100 hours

Flan (Peak, Comptrtecn 9.99 fN/s

Output Incremeirt 0.050 hours

Time to Flow (Peak 12.100 hours
Interpolated Output)

Flow (Peak Interpolated 4.99 ft'/s
Output)

Drainage Area

SCS CN (Composite) 89.360

Area (User Defined) 2.000 acres

Maximum Retention 1.2 in
(Pervious)

Maximum Retention OZ in
(Pervious, 20 percent)

Cumulative Runoff

Cumulative Runoff Depth 5.2 in
(Pervious)

Runoff Volume (Perviois) 0.861 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.860 ac-ft

SCS Unit Hydrograph Parameters

Time of Concentration 0.083 hours
(Composite)

Computational Time 0.011 hours
Increment

Unit Hydrograph Shape gg3.432
Factor

K Factor 0.749

Receding(Rising,Tr/Tp 1.670

Unit peak, qp 27.19 ft'/s

Unit peak dme, Tp 0.056 hours

Unit receding limb, Tr 0.222 hours

Toil unit dme, Tb 0.278 hours

Bentley Systems, Inc. Heesmd Methods Solution 
Bentley PmdPack VBi

Post condlon stomiwater•1.ppc 
Center [08.11.01,51]

1026!2018 27 Siemon Company Drive Suke 200 W 
Page 9 of 10

Watertown, CT 08795 USA +1-203.7551866
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Appendix C Storm CAD Model Calculation

Proposed North Pipe Collection System
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Calculation Detailed Summary

Element Details

ID 13 Notes

Lapel Base Calculation
Options

Hydraulic Summary

Rav Profile Method Backwater Malysis Average Velaity Actual Uniform Flow

Method Velaity

Number of Flow Profile
5

Minimum Structure 0.00 ft

Steps
Headloss

Hydraulic Grade 0.001 ft
Minimum Time of 5.000 mIn

Convergence Test
Concentration

Inlets

Neglect Side FIav7 False Active Component for
Combination Inlets In Grate and Curb

Sag

Neglect Gutter Cross
motive Componentr for

Slope For 5(de Flan?
True Combination Inlets on Grate and Curb

Grade

HEC-22

Elevations Considered 0.50 ft
Depressed 1.000

Equal Within
Unsubmerged

Consider Non-Piped False
Half Bench Submerged 0.950

Plunging Flow

Rat Submerged 1.000 Half Bench 0.150
Unsubmerged

Flat Unsubmerged 1.000 Full Bench Submerged 0.750

Depressed Submerged 1.000 Full Berxh 0.070
Unsubmerged

AASHTO

Expansion, Ke 0350 Shaping Adjustrnent, Cs 0.500

Contraction, Kc 0.250 Non-Piped Flow 1.300
Adjustment, Cn

Bend Angle vs. Bend Loss Curve

Bend Angle Bend Loss Cce~cient, Kb

(degrees)
0,00 0.000

15.00 0.190

30.00 0.350

45.00 0.470

60.00 0.560

75.00 0.640

90.00 0.700

Bentley Sjstems, hc. Heested Methods Solution 
Bentley StormCAD V8i (SELECTseries 1)

Unt~lladl.slc 
Cenler 

[08.11.00.44]

10272018 
27 Slemon Canpeny Dr'rve Suite 200 W 

Pega 1 oF4

Watertown, CT 08795 USA +1-20&7557666
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Sanofi ICBF Project

Framingham MA
Project No. 63RR3101

Calcselation Detailed Seemmary

Generic Structure Loss

Governing Upstream Pipe with Maximum
Pipe Selection Method QV

Catchment Summary

Label Area Time of Rational C Cahthment CA Catchment
(acres) Concentration (acres) Irdereity

fminl !in/hrl

AREA 2 0.420 5.000 0.836 0.351 6.000

AREA 3 0.400 5.000 0.950 0.360 6.000

AREA 4 0.480 5.000 0.813 0.390 6.000

Catchment
Rational Flow

(ft3/s)

2.12
230
236

Conduit Summary

Label Conduit Conduit Shape erarxh ID SubneMork Flow
Descrintlon Outfall (ft3/s1

CO-16
Circular Pipe - Circular Pipe 1 OF2 2.12
12.0 in

CO-17
Circular Pipe - Circular Pipe 1 OF-2 2.12
15.0 in

CO-18
Circular Pipe - Circular Pipe 1 OF2 2.10
15.o in

CO-19
Circular Pipe- Circular Plpe 1 OF-2 2.06
15.0 in

CO-20
Circular Pipe - Circular Pipe 1 OF-2 4.18
Ia.o In

CO-21
Circular Plpe - Circular Pipe 1 OF-2 6.22
18.0 in

CO-22
Circular Pipe - C(rcular Pipe 1 OF-2 6.18
16.0 in

CO.23
Circular Pik - Qrcular Plpe 3 OF-t [36
12.0 in

CO-24
circular Pipe - Circular Pipe 2 OF-2 230
12A fn

Velaity Hydraulic Grade Hydraulic Grade Depth (In) Depth (Out)

(Average) Line (In) Line (Out) (ft) (ft)
(ft/s) (ft) (ft)

Bentley Systems, hc. Haestad Methods Solution Bentley StormCAO V8I (SELECTseries 1)

UntRled7 sk Center (08.11. W.44J

10Q72016 27 Slamon Company Drne Suite 200 W Pege 2 of4

Watertown, CT 08795 USA t1-20&7561668
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Calculation Detailed Summary

Conduit Summary

Velaity Hydreulic Grade Hydraulic Grade Depth (In) Depth (Out)

(Average) Line (In) Line (Out) (ft) (ft)

(ft/s) (ft) (ft)

4.65 216.94 216.78 0.62 0.57

3.17 215.81 215.56 0.67 0.58

3.55 215.49 215.16 0.61 0.67

3.18 215.16 214.99 0.67 0.83

3.70 214.99 214.66 0.93 1.06

4.19 214.66 21436 1.11 0.96

5.97 214.11 213.97 0.96 0.89

SSl 214.66 214.66 0.82 0.89

5.48 216.60 216.45 0.65 0.57

Node Summary

Label ElementType Subnehvork Flow (Total Flow (total Out) Elevation

Outfail Surtace) (ft'/s) (Ground)

CB-1 Catch Basin OF2 2.30 230 220.25

CB-2 Cah~h Basin OF-2 2.36 2.36 217.00

td-1 Cahch Basin OF-2 2.12 2.12 217.75

s5 ManFale OF-2 0.00 2.12 218.00

s4 Manhole OF2 0.00 2.10 218.50

s3 ManFale OF2 0.00 2.06 222.50

s2 Manhole OF2 0.00 4.18 220.25

sl Manhole OF2 0.00 6.22 217.00

MH-6 Manhole OF-2 0.00 6.18 217.00

Elevation Energy Grade Energy Grade

(Invert) Une (In) Line (out)

0.00 216.88 216.88

0.00 214.84 214.84

0.00 217.21 217.21

0.00 215.96 215.96

0.00 215.68 215.68

0.00 21531 21531

0.00 21510 215.20

0.00 214.97 214.97

0.00 214.53 214.53

Bentley Systems. he. Hearted Methods Solution

Untiliedlstc 
Center

10!2712076 
27 Sieman Canpany Drive Suite 200 W

Watertown, CT 08795 USA +7-203755 7 688

Bentley StormCAD V8i (SELECTseries 1)
[08.71.00A4]
Pege 3 of4
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Sanofi ICBF Project
Framingham MA
Project No. 63RR3101

Appendix D Boston, MA IDF Curve

As indicated by Mass Department of Transportation

Exhibit 8-12

Intensity - Dura[ton -Frequency Curve for Boston, MA
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Sanofi ICBF Project

Framingham MA

Project No. 63RR3101

Appendix E
Tvnical "C" values

As indicated in Massachusetts's Storm Water Mana
gement For Construction Activates

Manual

sooe eomori

maniac s•s
Reconrnend~d Runoff CoeiHcients (C) for Ratioeal Meehod

(Br overall character a Arco)

Da~~IP11on o~MN RunoRCa~ffleNrds

Business
Downbo~m 0.70 b 0.95

Neiphbortioad 0.50 b 0.7f1

Reside~tlel
Si~gie~FartiiY 0.30 b 0.50

Muiu-Famiy, ~emctba o.ao m a,ea
MuAFFamily, Atleched 0.90 b Q.76

ReaWentlal(Suburben~_ _- -_ 025b0.40 - --

Apertrnent 0.50 b 0.70

Indtm4lel
Light 0.50 b 0.80

Fbevy 0.80 b O.BO----

Perla, Cemeteries

----

0.10 b 0.25

Playgrounds ----
-- - - - --- - - - 

020 to 0.35

Railroad Yard 0.20 to 0.35

Udmpoved ___ _ 0.10 b 6.30

Woodland 0.15 ~0 0.25

Culllvated 0.40 b O.BO

9ou~c ~etlpnt6nrlbrelormu~'rrpaAec~t90a

Eid~lbit a-9

Recamierded Runoff Caeffkients (C) For Ratbnd Method

(Fa Surtaca Type)

Chradv d aurha RunoRCoNIkMMs

Pavement
Aepheltic and Caiaele 0.70 Eo 0.96

&Idc - - ------- 0.70 to 0.85 ------

Roa(e 0.T5 to OA5

Lexna, Sardy Shc
F1et, 2 Peroenl 0.05 b 0.10 0.

Average, 2607 Percent 10 b 0.16

Sleep, 7 Percent
-- ---

0.15 to 020 
-

Lewne FbavySall
Flet, 2 Pe~oeM 0.13 fo 0.77

Ave~ape, 260 7 Percent 0.1810 022

Sleep, 7 Paroent 02b l0 0.35

sare~ oWp~lNnw brSlorm oreYrps, A9CE 1aeo

8-2~ DrafnaQe and Erosion Contml 
~.~wuyzaob
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