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PART 1 - SUMMARY

1.0

2.0

PROJECT DESCRIPTION

The project locus is identified as assessor map 10, parcel 18 totaling approximately 9.41
acres and is located at 100 Worcester-Providence Turnpike, also known as the Sutton
Drive-In site, in the Town of Sutton. The property consists of previously developed areas
that once was the site of a drive-in movie theatre with associated driveways and large
parking areas. The site is being proposed to be redeveloped.

The project proponent intends to construct and operate a 28,800 s.f. building for the service
and repair of tractor trailers. The building will consist of service bays for the repair of
tractor trailers, warehouse for the storage of parts, and office for the business operation,
with associated parking, loading docks, and storage of trailers.

The subject parcel falls within the Groundwater Protection District. There are no known
areas of critical environmental concerns (ACEC’s), NHESP Estimated or Priority Habitats,
or Activity and Use Limitation areas (AUL). The subject site has a wetland resource area
associated with a pond to the southeast of the site with associated buffer zones.

BACKGROUND DATA

Soils explorations were performed on the property by Turning Point Engineering on

. December 22, 2023 and January 9, 2024 and the results of the test pits are provided on the

site plan. The U.S. Natural Resources Conservation Service (NRCS), formerly SCS Soil
Survey Maps indicate that soils with hydrologic soil group classifications B, C and D are
present on the site, see Part III of this report.

3.0 COMPLIANCE WITH STORMWATER STANDARDS

3.1 Untreated Stormwater (Standard 1)

The project is designed so that new stormwater conveyances (outfalls/ discharges) do not
discharge untreated stormwater into, or cause erosion to, wetlands.

Standard #1 is met.

3.2 Post-Development Peak Rates (Standard 2)

Hydrologic calculations were performed to determine the rate of runoff for the 2, 10, 25
and 100-year storm events under pre-development (present) conditions. This value was
established as the future (post-development) maximum allowable rate. Unmitigated post-
development rates were then computed in a similar manner. It is the intent of the
stormwater management system to minimize impacts to drainage patterns of downstream



property and wetlands while simultaneously providing water quality treatment to runoff
prior to its release from the site or discharge to wetlands.

The U.S.D.A. Soil Conservation Service (SCS) Technical Release 55 (TR-55), 1986, was
used as the procedure for estimating runoff. A SCS TR-20-based computer program,
“HydroCAD,” was used for estimating peak discharges. TR-55 is a generally accepted
model for use on small sites that begins with a rainfall amount uniformly imposed on the
watershed over a specified time distribution. Mass rainfall is converted to mass runoff by
using a runoff curve number (CN). CN is based on soils, ground cover, impervious areas,
interception and surface storage. Runoffis then transformed into a hydrograph that depends
on runoff travel time through segments of the watershed.

Development in a watershed changes its response to precipitation. The most common
effects are reduced infiltration and decreased travel time, which result in significantly
higher peak rates of runoff. The volume of runoff is determined primarily by the amount
of precipitation and by infiltration characteristics related to soil type, antecedent rainfall,
and type of vegetative cover, impervious surfaces, and surface retention. Travel time is
determined primarily by slope, flow length, depth of flow surfaces. Peak rates of discharge
are based on the relationship of the above parameters as well as the total drainage area of
the watershed, the location of the development in relation to the total drainage area, and
the effect of any flood control works or other manmade storage. Peak rates of discharge
are also influenced by the distribution of rainfall within a given storm event.

Stormwater management computations for the project site were performed using SCS-
based HydroCAD for existing and proposed conditions, curve numbers, time of
concentration, and unit hydrograph computations. The following were considered as part
of runoff calculations.

properties are an important factor in estimating the total volume of direct runoff. The
infiltration and percolation rates of soils indicate their potential to absorb rainfall and
thereby reduce the amount of direct runoff. Soils having a high infiltration rate (sands or
gravels) have a low runoff potential, and soils having a Jlow infiltration rate (clays) have a
high runoff potential. Urbanization on soils with a high infiltration rate increases the
volume of runoff and peak discharge more than urbanization on soils with a low infiltration-
rate.

Since urban areas are seldom completely covered by impervious structure, soils and soil

The type of surface cover and its hydrologic condition affects runoff volume through its
influence on the infiltration rate of the soil. Unused cultivated land yields more runoff than
forested land for a given soil type. Covering areas with impervious material reduces
surface storage and infiltration and increases the volume of runoff.

Some rainfall is retained on the ground surface and by vegetation before runoff begins.
Interception is rainfall that is caught by foliage, twigs, branches, leaves, etc. This rainfall
is lost to evaporation and thus never reaches the ground surface. Increasing the vegetative
cover increases the amount of interception.



Surface depression storage begins when precipitation exceeds infiltration. Overland flow
starts when the surface depressions are full. The water in depression storage is not available
as direct runoff.

Initial abstraction is the sum of interception, depression, storage, and infiltration before
runoff begins. It occurs on all types of cover, from lawn in good condition to pavement.
However, the amount of initial abstraction is less on pavement than on lawn.

Travel time (Tt) is the time it takes water to travel from one location to another in a
watershed. Tt is a component of time of concentration (Tc) that is the time for runoff to
travel from the hydraulically most distant point of the watershed to a point of interest within
the watershed. Tc is computed by summing all the travel time for consecutive components
of the drainage conveyance systein.

Te influences the shape and peak of the runoff hydrograph. Urbanization usually decreases
Tc thereby increasing the peak discharge.

Development can change the effective slope of a watershed if flow paths are altered by
channeling and by changing the surface grading for building lots, roads and ditches. The
slopes of street gutters, roads and overland flow areas as well as stream channels are
significant in determining travel times through urban watersheds.

Flow length may be reduced if natural meandering streams are changed to straight
channels. It may be increased if overland flows are diverted through ditches, storm drains,
or street gutters to larger collections systems.

Surface roughness is also a consideration. Flow velocity normally increases significantly
when the flow path is changed from flow over rough surfaces of woodland, grassland and
natural channels to sheet flow over smooth surfaces of parking lots, storm drains, gutters
and lined channels.

3.2.1 Existing Conditions

Under the pre-development scenario, the watershed has been identified as one (1)
subcatchment (SC) areas outlining runoff to a single analysis point referenced above, as
shown on the plan entitled “PRE-DEVELOPMENT DRAINAGE MAP”, included within
the attached Maps. As shown on the referenced plan, the analysis point is to the same
wetland system to ensure there was not an increase in peak rate runoff at the wetland line.

3.2.2 Proposed Conditions

The project proposes one (1) infiltration basin with a sediment forebay to accommodate
stormwater runoff and provide recharge and water quality. A number of Best Management
Practices (BMP’s) have been proposed, including deep sump catch basins, and a sediment
forebay and infiltration basin.

Under the post-development scenario, the site has been divided into four (4) drainage
subcatchments, shown on the plan entitled “POST-DEVELOPMENT DRAINAGE MAP”,
included within Part IT — Pre & Post Construction Computations. There is no increase in



contributing watershed area due to the development and peak runoff rates and volumes are
mitigated through the construction of the proposed stormwater management system.

Post-development peak rates were determined and routed through infiltration basins with
the resulting hydrographs added to the hydrographs for the overland areas. Based upon
these analyses, the peak rates of runoff for the 2, 10, 25 and 100-year storm events are as
follows:

Table 3.2.2.1 Stormwater Peak Rate Summary
PFAK DISCHARGE RATE OF FLOW OFF-SITE
Pre-Development (cfs)
Analysis Point 2-YR 10-YR 25-YR 100-YR
~ AP1 14.4 27.2 37.5 58.7
Post-Development (cfs)
Analysis Point 2-YR 10-YR 25-YR 100-YR
AP1 14.0 26.4 34.9 519
Pre-Development vs. Developed (cfs)
Analysis Point 2-YR 10-YR 25-YR 100-YR
AP1 -0.4 -0.8 2.6 - -6.8
Standard #2 is met.

Recharge to Groundwater (Standard 3)

Although runoff volumes will not increase after construction; recharge shall be provided.
Therefore, stormwater runoff volume to be recharged to groundwater should be determined
using the existing site (pre-development) soil conditions and the annual recharge from the
post-development site should approximate the annual recharge from the pre-development
or existing site, based on soil types.

Hydrologic Soil Group Volume to Recharge (x Total Impetrvious 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

Required Recharge Volume

0.60 inches runoff x total impervious area = Recharge Volume, “A” soil
0.35 inches runoff x total impervious area = Recharge Volume, “B” soil
0.25 inches runoff x total impervious area = Recharge Volume, “C” soil
0.10 inches runoff x total impervious area = Recharge Volume, “D” soil

Recharge Volume Required
~ 0.60 inches x (1ft. /12in.) x (0) sq. ft. = 0 cubic feet

0.35 inches x (1ft. /12in.) X (109,567) sq. ft. = 3,196 cubic feet
0.25 inches x (Lft. /12in.) x (72,291) sq. ft. = 1,506 cubic feet
0.10 inches x (1ft. /12in.) x (15,767) sq. ft. = 132 cubic feet




34

Total Volume Required for Recharge = 4,834 cubic feet

Recharge Volume Provided
Infiltration Basin 1 = *3,469 cu. ft. (volume below lowest outlet)

~ #Duye to portions of the site lying within C and D soils with poor infiltration
characteristics the stormwater management recharge system has been designed to the
maximum extent practicable. The required recharge volume for the proposed
impervious area within the mapped B soils has been met. The site contains
approximately 4.8 acres of existing impervious surfaces. The proposed stormwater
system design is an improvement over the existing previously developed site which
contains little on-site recharge.

Drawdown Time
To determine whether an infiltration BMP will drain within 72 hours, the following
formula must be used.

_ Ry
(K)(Bottom Area)

Tlmedrawdown

Where:

Rv = Storage Volume

K = Saturated Hydraulic Conductivity For “Static” and “Simple Dynamic” Methods,
use Rawls Rate (see Table 2.3.3). For “Dynamic Field” Method, use 50% of the in-situ
saturated hydraulic conductivity.

Bottom Area = Bottom Area of Recharge Structure

Basin Storage Volume / ((Infiltration Rate / 12) X Basin Bottom Area))

Infiltration Basin 1:
3,469 c.f. / (0.27 in/hr)(1 ft/12 in)(2,389 s.f.) = 64.5 hours

Standard #3 is met.
Removal of 80% TSS (Standard 4)

The proposed stormwater management system design calls for 4’ deep sump catch basins
to collect runoff from the roadway. Stormwater runoff from pavement areas will then be
conveyed by a closed pipe system to a proprietary separator to a sediment forebay followed
by infiltration basins. Calculations for removal rates for all paved runoff are below. These
calculations are shown on the attached TSS Calculation Worksheets.

Deep Sump Catch Basins 25%
Infiltration Basin w/ Sediment Forebay 80%
HydroWorks HydroDome 80%



3.5

3.6

3.7

Water Quality

Vwq = (Dwq + 12inches/foot) (Aimp)

Where:

Vwq = Required Water Quality Volume (cubic feet)
Dwq = Water Quality Depth — 1.0 inches

Aimp = Impervious Area (s.f.)

Vwq Required
Infiltration Basin 1
1.0 inch x (1ft. /12in.) x (150,586) sq. ft. = 12,548 cubic feet

Water Quality Volume Provided
The water quality volume has been provided in the proprietary separator units (HD1, HD2
and HD3) and HydroWorks sizing calculations have been provided within this report.

Standard #4 is met.
Land Uses with Higher Potential (Standard 5)

This project does contain “fleet storage” and the stormwater system has been designed
accordingly.

Standard #5 is met.
Criticél Areas (Standard 6 — Water Quality Treatments)

The subject property falls within the Zone II Protection Area of a public water supply and the
Grafton Water Supply Protection Overlay. Water Quality Treatment has been provided in
accordance with Massachusetts Stormwater Standards.

Standard #6 is met.
Redevelopment (Standard 7)

Redevelopment projects are those that involve development, rehabilitation or expansion on
previously developed sites provided the redevelopment resuits in no net increase in
impervious area. Furthermore, components of redevelopment project, which include
development of previously undeveloped sites, do not fall under Standard 7. In addition,
redevelopment of previously developed sites must meet the Stormwater Management
Standards to the maximum extent practicable. However, if it is not practicable to meet all
the Standards, new (retrofitted or expanded) stormwater management systems must be
designed to improve existing conditions.



3.8

3.9

3.10

The project site was formerly used as the Sutton Drive-In and contains approximately 4.7
acres of existing pavement and buildings. A portion of the previously disturbed area will
be restored with a number of proposed plantings and green space.

Standard #7 is met.

Erosion and Sedimentation Controls (Standard 8)

A separate Operation & Maintenance Plan has been provided.

Standard #8 is met.

Operation and Maintenance Plan (Standard 9)
A separate Operation & Maintenance Plan has been provided.

Standard #9 is met.

Illicit Discharges (Standard 10)
See Tllicit Discharge statement on following page.

Standard #10 is met.



Attachment
Tlicit Diseharge Compliance Statement

It is the intent of the Applicant, Rastland Partners, Inc,, to control illiclt disposal into the storm
drainage systen, There will be no connection fo the storm water system to inadvertently direct
other types of Jiquids, chemicals or solids into the storm drainago system. The Applicant will

also promote a clean Green Bavironment by mitigating spills onto pavements; oils, soda,
chemicals, pet waste, debris and litter, ‘

Respectfully Acknowledged,

fL"/I(:'{’ /o N

Egs/tlallgl’i"al'tnefsy, Ing/




PART II - PRE & POST-CONSTRUCTION COMPUTATIONS
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Reach A Routing Diagram for Great Dane-R1
Prepared by Turning Point Engineering, Printed 2/5/2024

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC




Great Dane-R1

Great Dane-R1

Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLLC Page 2

Area Listing (selected nodes)

Area CN Description
(sqg-ft) (subcatchment-numbers)
42,395 61 >75% Grass cover, Good, HSG B (8C-1)
20,660 80 >75% Grass cover, Good, HSG D (SC-1)
66,064 96 Gravel! surface, HSG B (SG-1)
121,824 96 Gravel surface, HSG C (SC-1)
16,834 96 Gravel surface, HSG D (SC-1)
860 98 Roofs, HSG B (SC-1)
1,391 98 Roofs, HSG C (SC-1)
3,330 98 Roofs, HSG D (SC-1)
56,904 55 Woods, Good, HSG B (SC-1)
33,389 70 Woods, Good, HSG G (SC-1)
29,539 77 Woods, Good, HSG D (8C-1)
393,190 82 TOTAL AREA



Great Dane-R1
Great Dane-R1

Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 3

Soil Listing (selected nodes)

Area Soil Subcatchment
(sqg-ft) Group Numbers
0 HSG A

166,223 HSG B SC-1
156,604 HSG C SC-1
70,363 HSG D SC-1
0 Other
393,190 TOTAL AREA



Great Dane-R1
Prepared by Turning Point Engineering

Great Dane-R1

Printed 2/5/2024

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 4
Ground Covers (selected nodes)
HSG-A HSG-B HSG-C HSG-D Other Total Ground
(sg-ft) (sg-ft) (sg-ft) (sq-ft) (sg-ft) (sg-fty Cover
0 42,395 0 20,660 0 63,055 >75% Grass
cover, Good
0 66,064 121,824 16,834 0 204,722 Gravel surface
0 860 1,391 3,330 0 5,581 Roofs
0 56,904 33,389 29,539 0 119,832 Woods, Good
0 166,223 156,604 70,363 0 393,190 TOTAL AREA



Great Dane-R1

Great Dane-R1 Type lll 24-hr 2-Year Rainfall=3.22"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20_s/n 10079 © 2017 HydroCAD Software Solutions LLC Page b

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 poinis
Runoff by SCS TR-20 method, UH=5CS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment SC-1: Runoff Area=393,190 sf 1.42% Impervious Runoff Depth=1.55"
Flow Length=989' Tc=9.2 min CN=82 Runoff=14.43 cfs 50,924 cf

Link AP1: PRE Inflow=14.43 cfs 50,924 cf
Primary=14.43 cfs 50,924 cf

Total Runoff Area = 393,190 sf Runoff Volume = 50,924 cf Average Runoff Depth = 1.55"
98.58% Pervious = 387,609 sf  1.42% Impetrvious = 5,581 st



Great Dane-R1

Type Il 24-hr 2-Year Rainfall=3.22"
Printed 2/5/2024
Page 6

Great Dane-R1

Prepared by Turning Point Engineering
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG

Summary for Subcatchment SC-1:

Runoff = 14.43 cfs @ 12.14 hrs, Volume= 50,924 cf, Depth= 1.55"
Runoff by SCS TR-20 method, UH=SGS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs

Type Hl 24-hr 2-Year Rainfall=3.22"

Area (sf) CN __ Description
860 98 Roofs, HSG B
66,064 96 Gravel surface, HSG B
42,395 61 >75% Grass cover, Good, HSG B
56,904 55 Woods, Good, HSG B
1,391 98 Roofs, HSG C
121,824 96 Gravel surface, HSG C
33,389 70  Woods, Good, HSG C
3,330 98 Roofs, HSG D
16,834 96 Gravel surface, HSG D
20,660 80 >75% Grass cover, Good, HSG D
29,639 77 Woods, Good, HSG D
393,190 82 Weighted Average
387,609 98.58% Pervious Area
5,581 1.42% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)
3.7 22 0.0772 0.10 Sheet Flow, Segment A
Woods: Light underbrush n=0.400 P2=3.20"
0.3 28 0.0714 1.77 Sheet Flow, Segment B
Smooth surfaces n=0.011 P2=3.20"
2.3 220 0.0100 1.61 Shallow Concentrated Flow, Segment C
Unpaved Kv= 16.1 fps
1.4 392 0.0901 4.83 Shallow Concentrated Flow, Segment D
Unpaved Kv=16.1fps
0.5 114 0.0657 413 Shallow Concentrated Flow, Segment E
Unpaved Kv=16.1 fps
0.2 35 0.0157 2.54 Shallow Concentrated Flow, Segment F
Paved Kv=20.3 fps
0.6 123 0.0440 3.38 Shallow Concentrated Flow, Segment G
Unpaved Kv=16.1 fps
0.1 17 0.0150 2.49 Shallow Concentrated Flow, Segment H
Paved Kv=20.3 fps
0.1 38 0.0700 4.26 Shallow Concentrated Flow, Segment |
Unpaved Kv= 16.1 fps
9.2 989 Total



Page 7

Great Dane-R1

Type lll 24-hr 2-Year Rainfall=3.22"
Printed 2/5/2024

Subcatchment SC-1:
Hydrograph

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Prepared by Turning Point Engineering

Great Dane-R1
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Great Dane-R1
Page 8

-hr 2-Year Rainfall=3.22"

Printed 2/5/2024
0.0 min

for 2-Year event
0%, Lag

Type Il 24
50,924 cf
50,924 cf, Atten

0.05 hrs

, Inflow Depth = 1.55"

Link AP1: PRE

Hydrograph

Summary for Link AP1: PRE
0.00-72.00 hrs, dt

1.42% Impervious

393,190 sf,

20 s/n 10079 © 2017 HydroCAD Software Solutions LLC
14.43 cfs @ 12.14 hrs, Volume

14.43 cfs @ 12.14 hrs, Volume

Inflow, Time Span

Prepared by Turning Point Engineering
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Great Dane-R1

Great Dane-R1 Type Ill 24-hr 10-Year Rainfall=4.83"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 9

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN ,
Reach routing by Stor-ind+Trans method - Pond routing by Stor-Ind method

Subcatchment SC-1: Runoff Area=393,190 sf 1.42% Impervious Runoff Depth=2.93"
Flow Length=989' Tc=9.2 min CN=82 Runoff=27.23 cfs 95,921 cf

Link AP1: PRE Inflow=27.23 cfs 95,921 cf
Primary=27.23 cfs 95,921 cf

Total Runoff Area = 393,190 sf Runoff Volume = 95,921 cf Average Runoff Depth = 2.93"
98.58% Pervious = 387,609 sf  1.42% Impervious = 5,581 sf



Great Dane-R1

Great Dane-R1 Type Ill 24-hr 10-Year Rainfall=4.83"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 10

Summary for Subcatchment SC-1:

Runoff = 2723 ¢cfs @ 12.13 hrs, Volume= 95,921 cf, Depth= 2.93"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt=0.05 hrs
Type lll 24-hr 10-Year Rainfall=4.83"

Area (sf) CN Description
860 98 Roofs, HSG B
66,064 96 Gravel surface, HSG B
42,395 61 >75% Grass cover, Good, HSG B
56,904 55 Woods, Good, HSG B
1,391 08 Roofs, HSG C
121,824 96 Gravel surface, HSG G
33,389 70 Woods, Good, HSG C
3,330 98 Roofs, HSG D
16,834 96 Gravel surface, HSG D
20,660 80 >75% Grass cover, Good, HSG D
29,539 77 Woods, Good, HSG D
393,190 82 Weighted Average
387,609 98.58% Pervious Area
5,581 1.42% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) (cfs)

3.7 22 0.0772 0.10 Sheet Flow, Segment A
Woods: Light underbrush n= 0.400 P2=3.20"

0.3 28 0.0714 1.77 Sheet Flow, Segment B

‘ Smooth surfaces n=0.011- P2=3.20"

2.3 220 0.0100 1.61 Shallow Concentrated Flow, Segment C
Unpaved Kv=16.1fps

1.4 392 0.0901 4.83 Shallow Concentrated Flow, Segment D
Unpaved Kv=16.1 fps

0.5 114 0.0657 4.13 Shallow Concentrated Flow, Segment E
Unpaved Kv=16.1 fps

0.2 35 0.0157 2.54 Shallow Concentrated Fiow, Segment F
Paved Kv=20.3 fps

0.6 123 0.0440 3.38 Shallow Concentrated Flow, Segment G
Unpaved Kv=16.1fps

0.1 17 0.0150 2.49 Shallow Concentrated Flow, Segment H
Paved Kv=20.3 fps

0.1 38 0.0700 4.26 Shallow Concentrated Flow, Segment |

Unpaved Kv=16.1 fps

9.2 989 Total



Great Dane-R1

Type lll 24-hr 10-Year Rainfall=4.83"

Printed 2/5/2024
Page 11

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG

Prepared by Turning Point Engineering

Great Dane-R1

Subcatchment SC-1:

Hydrograph

E

0
-_ll-hp_qv”-ﬁ,.c-.oox.%.illoob--_-L-- :
L a®g. g E M
F AL O N LT o =i
1 I——H.-I._JQ_U,_—— h. ._Gm : 1
R Ti el (s I R~ AR
I -0 -t
-t e - J_e._qnluﬁl‘ ........ 1=
I_ lllll my.m'._l._l y——_ _ el _Dlﬂlw.—el_ llllllllll _|||“||

“ S B =l el C
P Sl e

H "o i i i t 1
! e_llﬂlN|1U|rFl, |||||||||| o1
[ [o IR R_ f 1 +
Llllllllk-lml.nlfl _ TN DI S T R  JOU R
-r-::L,OIru-.mL--r}_ ........... i
1 Y ’ 0 f 1 1 1 1 1 /
I_IIlII_II;rIITRI _—d e — - [ m i — —im = — —
|- — = RIL.IITlIm IIIII |— =+ == |= = = =
1 i i | i i i t 1
—i— - - —im - I e R Sl Bl et I i -— ==
4 | 1 1 { H I i
-~ — i~ T s Bt suiition Btk mlieati it it bt S
|_III|l.IlI||II4lI_|IJII_III|l_I IIIIIII T
L ! | ! : i | [}
I_llﬂl|ll|||||4||_|||_|lw|.|lllﬂ|l|I\..||_|||_||
i H i 1 ! ! i 1 |
l,ll.m.l||||||||4||“||J||l|l||ﬂ||_ ||||| I N
|||.”.l|l||_||~|l|m||"|||_..||||||_| ||||||| | S R
1 [ | i H ' !
IE T T S I SO (g NS PR SRR LS .
1 i 1 i ' | |
|I|.r|l.|||.l|||._.II”||I_III|III_I IIIIIII o
| i i | ] i 1 | I H
i — e — =i = L == I — b= = L N e ittt -
i 1 ! i H ' 1 i H
e = e = — = ] — b — - TILIII!I!IrILII.rII_IILI
1 i i i | i ' 1 I
T s Tt Sl it At ot = — 4~
i 1 ] 1 i | i i 1 !
i s ettt -1 [t Bkl i i e —r - 1= =
i L ! i I ! H |
l_llﬂlI.II’llIIII|.I||.Il_|IJ.II,|||_I| —-—— -
| : | | : H i ,/Zw
- - = T, e T WA 0 AN
T N ‘@%mwa%t%;%
-— - T|NF T ki ST RN LR
1 ] ! | ! i i i i i T |

48 50 52 54 56 58 60 62 '64 66 68 70 72

30 34 36 38 40 42 A4 46

Time (hours)

o 24 26 28 80

0 24 6 81012 14 1618 20 2

(s10) mold



Great Dane-R1
Page 12

-hr 10-Year Rainfall=4.83"

Printed 2/5/2024
0.0 min

for 10-Year event
0%, Lag

Type Il 24
, Inflow Depth = 2.93"
95,921 cf
95,921 cf, Atten

Link AP1: PRE
Hydrograph

Summary for Link AP1: PRE
0.00-72.00 hrs, dt= 0.05 hrs

1.42% Impervious

2723 cfs @ 12.13 hrs, Volume

20 s/n 10079 © 2017 HydroCAD Software Solutions LLC
393,190 sf,

2723 cfs @ 12.13 hrs, Volume

Inflow, Time Span

Prepared by Turning Point Engineering

Great Dane-R1
HydroCAD® 10.00-
Inflow Area
Primary outflow

Inflow
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Great Dane-R1

Great Dane-R1 Type Il 24-hr 25-Year Rainfall=6. 08"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 13

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment SC-1: Runoff Area=393,190 sf 1.42% Impervious Runoff Depth=4.06"
Flow Length=989' Tc=9.2 min CN=82 Runoff=37.50 cfs 133,055 cf

Link AP1: PRE Inflow=37.50 cfs 133,055 cf
Primary=37.50 cfs 133,055 cf

Total Runoff Area = 393,190 sf Runoff Volume = 133,055 cf Average Runoff Depth = 4.06" .
98.58% Pervious = 387,609 sf 1.42% Impervious = 5,581 sf



Great Dane-R1

Great Dane-R1 Type lll 24-hr 25-Year Rainfall=6.08"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG Page 14

Summary for Subcatchment SC-1:

Runoff = 3750cfs @ 12.13 hrs, Volume= 133,055 cf, Depth= 4.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type 1l 24-hr 25-Year Rainfall=6.08"

Area (sf) CN _Description
860 98 Roofs, HSG B
66,064 96 Gravel surface, HSG B
42,395 61 >75% Grass cover, Good, HSG B
56,904 55 Woods, Good, HSG B
1,391 98 Roofs, HSG C
121,824 096 Gravel surface, HSG C
33,389 70 Woods, Good, HSG C
3,330 98 Roofs, HSG D
16,834 96 Gravel surface, HSG D
20,660 80 >75% Grass cover, Good, HSG D
29,539 77 Woods, Good, HSG D
393,190 82 Weighted Average
387,609 98.58% Pervious Area
5,581 1.42% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feef) (ft/ft) _ (ft/sec) (cfs)

3.7 22 0.0772 0.10 Sheet Flow, Segment A
Woods: Light underbrush n= 0.400 p2=3.20"

0.3 28 0.0714 1.77 Sheet Flow, Segment B

: Smooth surfaces n=0.011 P2=3.20"

2.3 220 0.0100 1.61 Shallow Concentrated Flow, Segment C
Unpaved Kv=16.1fps

1.4 392 0.0901 4.83 Shallow Concentrated Flow, Segment D
Unpaved Kv=16.11fps :

0.5 114 0.0657 413 Shallow Concentrated Flow, Segment E
Unpaved Kv=16.1 fps

0.2 35 0.0157 2.54 Shallow Concentrated Flow, Segment F
Paved Kv=20.3 fps

0.6 123 0.0440 3.38 Shallow Concentrated Flow, Segment G
Unpaved Kv=16.1fps

0.1 17 0.0150 2.49 Shallow Concentrated Flow, Segment H
Paved Kv=20.3 fps

0.1 38 0.0700 4.26 Shallow Concentrated Flow, Segment |

Unpaved Kv=16.1 fps

9.2 989 Total
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Great Dane-R1

Type lll 24-hr 25-Year Rainfall=6.08"
Printed 2/5/2024

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC
Subcatchment SC-1:

Prepared by Turning Point Engineering

Great Dane-R1

_ i “ “ _ L 1 N

T ER R O g Eg il N-
T Qoweg 0L N8
N OO W N &L e
T e O T NS
Rt v~ = (I AR AR R \ £
IR EReER Rl N\
h ] o

T
r Ra
ea

e

off A
olu

o
inoff ‘Pept
w L

4 56

.48 .50 52' 5

P

32 34 36 38 40 42 44 46
Time (hours)

Hydrograph

i £ ! i i i
i H 1 ' 1 (S H

2 24 '26 28 30

l H ' i P i i i

i t | i t 1

i ' H [ f l

: - s : . : L : . : : . ' : '
,,,,,,,,
..........................................

0 .2. 4 8 8101214161820'2




Great Dane-R1

-hr 25-Year Rainfall=6.08"

Type Il 24

Great Dane-R1

Printed 2/5/2024
Page 16

20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Prepared by Turning Point Engineering

HydroCAD® 10.00-

Summary for Link AP1: PRE
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393,190 sf,
3750 cfs @ 12.13 hrs, Volume

37.50cfs @ 12.13 hrs, Volume

Inflow Area
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Great Dane-R1

Great Dane-R1 Type Il 24-hr 100-Year Rainfall=8. 64"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG Page 17

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 poinis
Runoff by SCS TR-20 method, UH=S8CS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment SC-1: ‘ Runoff Area=393,190 sf 1.42% Impervious Runoff Depth=6.47"
Flow Length=989' Tc=9.2 min CN=82 Runoff=58.67 cfs 211,974 cf

Link AP1: PRE Inflow=58.67 cfs 211,974 cf
Primary=58.67 cfs 211,974 cf

Total Runoff Area = 393,190 sf Runoff Volume = 211,974 cf Average Runoft Depth = 6.47"
98.58% Pervious = 387,609 sf  1.42% Iimpervious = 5,581 sf



Great Dane-R1

Great Dane-R1 Type lll 24-hr 100-Year Rainfall=8.64"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 18

Summary for Subcatchment SC-1:

Runoff = 58.67 cfs @ 12.13 hrs, Volume= 211,974 cf, Depth= 6.47"

Runoff by SCS TR-20 method, UH=SGS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt=0.05 hrs
Type lil 24-hr 100-Year Rainfali=8.64"

Area (sf) CN __ Description
860 98 Roofs, HSG B
66,064 96 Gravel surface, HSG B
42,395 61 >75% Grass cover, Good, HSG B
56,904 55 Woods, Good, HSG B
1,391 98 Roofs, HSG C
121,824 968 Gravel surface, HSG C
33,389 70 Woods, Good, HSG C
3,330 98 Roofs, HSG D
16,834 96 Gravel surface, HSG D
20,660 80 >75% Grass cover, Good, HSG D
29,5639 77 Woods, Good, HSG D

393,190 82 Weighted Average

387,609 98.58% Pervious Area
5,581 1.42% Impervious Area
Tc Length Slope Velocity Capacity Description
(min) _ (feet) (ft/ft)  (ft/sec) (cfs)

3.7 22 0.0772 0.10 Sheet Flow, Segment A
Woods: Light underbrush n=0.400 p2=3.20"

0.3 28 0.0714 1.77 Sheet Flow, Segment B
Smooth surfaces n=0.011 P2=3.20"

2.3 220 0.0100 1.61 Shallow Concentrated Flow, Segment C
Unpaved Kv=16.1fps

1.4 392 0.0901 4.83 Shallow Concentrated Flow, Segment D
Unpaved Kv=16.1fps

0.5 114 0.0657 4.13 Shallow Concentrated Flow, Segment E
Unpaved Kv=16.11fps

0.2 35 0.0157 2.54 Shallow Concentrated Flow, Segment F
Paved Kv=20.3 fps

0.6 123 0.0440 3.38 Shallow Concentrated Flow, Segment G
Unpaved Kv=16.1 fps

0.1 17 0.0150 2.49 Shallow Concentrated Flow, Segment H
Paved Kv=20.3 fps

0.1 38 0.0700 4.26 Shallow Concentrated Flow, Segment |

Unpaved Kv=16.1 fps

9.2 989

Total
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Great Dane-R1

-hr 100-Year Rainfall=8.64"
Printed 2/5/2024

Type Il 24

Subcatchment SC-1:

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLGC

Prepared by Turning Point Engineering

Great Dane-R1
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Great Dane-R1

Type lll 24-hr 100-Year Rainfall=8.64"

Great Dane-R1
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HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG

Prepared by Turning Point Engineering

Summary for Link AP1: PRE
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1.42% Impervious, Inflow Depth
58.67 c¢fs @ 12.13 hrs, Volume=

393,190 sf,

Inflow Area
Inflow

0.0 min

= 0%, Lag

211,974 cf, Atten

58.67 cfs @ 12.13 hrs, Volume

Primary

inflow, Time Span= 0.00-72.00 hrs, dt=0.05 hrs

Primary outflow

Link AP1: PRE
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Subcat

Reach

Routing Diagram for Great Dane-R1
Prepared by Turning Point Engineering, Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC




Great Dane-R1

Great Dane-R1

Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG Page 2

Area Listing (selected nodes)

Area CN Description
(sg-ft) (subcatchment—numbers)
48,768 61 >75% Grass cover, Good, HSG B (1S, 28, 3S)
66,612 74 >75% Grass cover, Good, HSG C (18, 45)
43,722 80 >75% Grass cover, Good, HSG D (18, 28, 35, 48)
91,788 98 Paved parking, HSG B (18, 25)
61,270 98 Paved parking, HSG C (15)
15,767 98 Paved parking, HSG D (28, 3S)
17,779 98 Unconnected roofs, HSG B (1S)
11,021 98 Unconnected roofs, HSG C (1S)
7,888 55 Woods, Good, HSG B (35)
17,701 70 Woods, Good, HSG C (1S, 45)
10,883 77 Woods, Good, HSG D (4S)
393,199 85 TOTAL AREA



Great Dane-R1

Prepared by Turning Point Engineering
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Great Dane-R1

Printed 2/5/2024
Page 3

Soil Listing (selected nodes)

Area Soil Subcatchment
(sg-ft) Group Numbers
0 HSGA \
166,223 HSG B 1S, 28, 35S
156,604 HSG C 1S, 4S8
70,372 HSG D 18, 28, 35, 45
0 Other
393,199 TOTAL AREA



Great Dane-R1
Prepared by Turning Point Engineering

Great Dane-R1

Printed 2/5/2024

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG Pade 4
Ground Covers (selected nodes)
HSG-A HSG-B HSG-C HSG-D Other Total Ground
(sg-ft) (sq-ft) (sg-ft) (sg-ft) (sq-ft) (sqg-ft)y Cover

0 48,768 66,612 43,722 0 159,102 >75% Grass
cover, Good

0 91,788 61,270 15,767 0 168,825 Paved parking

0 17,779 11,021 0 0 28,800 Unconnected
roofs

0 7,888 17,701 10,883 0 36,472 Woods, Good

0 166,223 156,604 70,372 0 393,199 TOTAL AREA



Great Dane-R1

Great Dane-R1
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page b

Pipe Listing (selected nodes)

Line# Node In-Invert  Out-Invert Length Slope n  Diam/Width Height Inside-Fill
Number (feet) (feet) {feet) (ft/ft) (inches)  (inches) (inches)

i 1P 508.00 506.00 90.0 0.0222 0.013 - 24.0 0.0 0.0




Great Dane-R1
Great Dane-R1 Type Il 24-hr 2-Year Rainfall=3.22"

Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 6

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-ind method

Subcatchment 15: Runoff Area=209,902 sf 71.74% Impervious Runoff Depth=2.19"
Tc=6.0 min CN=90 Runoff=11.96 cfs 38,257 cf

Subcatchment 2S: Runoff Area=59,346 sf 75.08% Impervious Runoff Depth=2.46"
Tc=6.0 min CN=93 Runoff=3.73 cfs 12,191 cf

Subcatchment 3S: Runoff Area=43,147 sf 5.76% Impervious Runoff Depth=0.53"
Tc=6.0 min CN=63 Runoff=0.44 cfs 1,900 cf

Subcatchment 4S: Runoff Area=80,804 sf 0.00% Impervious Runoff Depth=1.11"
Flow Length=485" Tc=8.1 min CN=75 Runoff=2.11 cfs 7,458 cf

Pond 1P: Basin 1 Peak Elev=513.42' Storage=8,922 cf Inflow=11.96 cfs 38,257 cf
Discarded=0.03 cfs 4,750 cf Primary=8.68 cfs 33,202 cf Secondary=0.00 cfs 0 cf Quitflow=8.72 cfs 37,952 cf

Link AP-1: POST Inflow=14.00 cfs 54,750 cf
Primary=14.00 cfs 54,750 cf

Total Runoff Area = 393,199 st Runoff Volume = 59,805 cf Average Runoff Depth = 1.83"
' 49.74% Pervious = 195,574 sf  50.26% Impervious = 197,625 sf



Great Dane-R1

Great Dane-R1 Type Ill 24-hr 2-Year Rainfall=3.22"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 7

Summary for Subcatchment 1S:

Runoff = 11.96 cfs @ 12.09 hrs, Volume= 38,257 cf, Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type IIl 24-hr 2-Year Rainfall=3. 22"

Area (sf) CN _Description
17,779 98 Unconnected roofs, HSG B
11,021 98 Unconnected roofs, HSG C
60,516 98 Paved parking, HSG B
61,270 98 Paved parking, HSG C
* 16,423 61 >75% Grass cover, Good, HSG B
31,404 74  >75% Grass cover, Good, HSG C
10,153 80 >75% Grass cover, Good, HSG D
1,336 70 Woods, Good, HSG C

209,902 90 Weighted Average

59,316 28.26% Pervious Area
150,586 71.74% Impervious Area
28,800 19.13% Unconnected
Tc Length Slope Velocity Capacity Description
{min) (feet) . (ft/ft)  (ft/sec) (cfs) :
6.0 Direct Entry, Direct Entry
Subcatchment 1S:
Hydrograph
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Great Dane-R1

-hr 2-Year Rainfall=3.22"

Printed 2/5/2024

Type Il 24

Prepared by Turning Point Engineering

Great Dane-R1

Page 8

Summary for Subcatchment 2S:

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

= 2.46"

, Depth

= 12,191 cf

3.73 cfs @ 12.09 hrs, Volume

Runoff

, dt=0.05 hrs

0.00-72.00 hrs

=SCS, Weighied-CN, Time Span

SCS TR-20 method, UH
-hr 2-Year Rainfall

3.22"

Runoff by
Type lil 24

CN Description

Area (sf)

Good, HSG B

>75% Grass cover, Good, HSG D

Paved parking, HSG D
Weighted Average
24.92% Pervious Area
75.08% Impervious Area

Paved parking, HSG B
>75% Grass cover,

98
98
61
80
93

31,272
13,283

2 027
12,764
59,346
14,791
44,555

(cfs)

(f/ft) _ (ft/sec)

Slope Velocity Capacity Description

(feet)

Tc Length

(min)

_Direct Entry, Direct Entry

6.0

Subcatchment 2S:

Hydrograph
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Great Dane-R1
Page 9

-hr 2-Year Rainfall=3.22"
Printed 2/5/2024

0.05 hrs

Type Il 24
= 0.53"
0.00-72.00 hrs, dt

900 cf, Depth

1

HSG B

>75% Grass cover, Good, HSG D

55 Woods, Good, HSG B
63 Weighted Average

Direct Entry, Direct Entry

Volume

(cfs)

Subcatchment 3S:

SCS, Weighted-CN, Time Span

Summary for Subcatchment 3S:

3.22"

(ft/sec)

Paved parking, HSG D
>75% Grass cover, Good
94.24% Pervious Area
5.76% Impervious Area

(fr/it)

Slope Velocity Capacity Description

044cfs @ 12.12 hrs
CN Description

-hr 2-Year Rainfall
98
61
80

(feet)

SCS TR-20 method, UH

Area (sf)
2,484
30,318
2,457
7,888
43,147
40,663
2,484
Tc Length

{min)
6.0

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Prepared by Turning Point Engineering

Great Dane-R1
Runoff

Runoff by

Type !l 24

SRiiah S o

Time (hours)

Hydrograph
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Great Dane-R1

Great Dane-R1 Type lll 24-hr 2-Year Rainfall=3.22"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG Page 10

Summary for Subcatchment 4S:

Runoff = 211cfs@ 12.12 hrs, Volume= 7,458 cf, Depth= 1.11"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type 1l 24-hr 2-Year Rainfall=3.22"

Area (sf) CN _ Description
35,208 74 >75% Grass cover, Good, HSG C
18,348 80 >75% Grass cover, Good, HSG D
16,365 70 Woods, Good, HSG C

* 10,883 77 Woods, Good, HSG D
80,804 75 Weighted Average
80,804 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft) _ (ft/sec) (cfs)
6.5 50 0.0360 0.13 Sheet Flow, Segment A
Grass: Dense n=0.240 P2=3.20"
1.2 357 0.0939 4,93 Shallow Concentrated Flow, Segment B
Unpaved Kv=16.1 fps
0.4 78 0.0512 3.64 Shallow Concentrated Flow, Segment C

Unpaved Kv=16.1 fps

8.1 485 Total

Subcatchment 4S:
Hydrograph

T

AT T L Typeitll 24-he

e CUibiiib b i2-Year Rainfall=3.22"

e U 0i i Runoff Area=80,804 st

E L1l RunoffiVolume=7i458 cf
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2l B Fow Length=dsst

e Coaabbibiorrrbiet Te=8.4 min
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Great Dane-R1

Great Dane-R1 Type lll 24-hr 2-Year Rainfall=3.22"
Prepared by Turning Point Engineering Printed 2/5/2024

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 11

Summary for Pond 1P: Basin 1

Inflow Area = 209,902 sf, 71.74% Impervious, Inflow Depth = 2.19" for 2-Year event
Inflow = 11.96 cfs @ 12.09 hrs, Volume= 38,257 cf

Outflow = 8.72¢cfs @ 12.17 hrs, Volume= 37,952 cf, Atten=27%, Lag= 4.9 min
Discarded = 0.03cfs @ 12.17 hrs, Volume= 4,750 cf

Primary = 8.68cfs @ 12.17 hrs, Volume= 33,202 cf

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0 cf

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 513.42' @ 12.17 hrs  Surf.Area= 4,981 sf Storage= 8,922 cf

Plug-Flow detention time= 215.7 min calculated for 37,952 cf (99% of inflow)
Center-of-Mass det. time= 210.7 min ( 1,017.4 - 806.7 )

Volume Invert Avail.Storage  Storage Description
#1 511.00' 26,110 cf Custom Stage Data (Irregular) Listed below (Recalc)
Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sg-ft) (feet) (cubic-feet) (cubic-feet) (sg-ff)
511.00 2,389 209.0 0 0 2,389
512.00 3,508 245.0 2,931 2,931 3,709
514.00 5,659 306.0 9,082 12,012 6,440
516.00 8,637 387.0 14,098 26,110 10,960
Device Routing Invert Qutlet Devices

#1  Secondary 515.00' 10.0' long x 10.0" breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2.70 269 2.68 2.69 2.67 2.64
#2  Primary. 508.00' 24.0" Round Culvert
L=90.0' CPP, end-section conforming to fill, Ke=0.500
Inlet / Outlet Invert= 508.00' / 506.00' S=0.0222"'/" Cc=0.900
n= 0.013 Corrugated PE, smooth interior, Flow Area= 3.14 sf

#3 Device 2 512.15' 12.0" Vert. Orifice/Grate X 2.00 C=0.600
#4  Device 2 513.00' 12.0" Vert. Orifice/Grate X 3.00 C=0.600
#5 Device 2 514.75' 48.0" Horiz. Orifice/Grate C=0.600

Limited to weir flow at low heads
#6 Discarded 511.00' 0.270 in/hr Exfiltration over Surface area

Discarded OutFlow Max=0.03 cfs @ 12.17 hrs HW=513.41" (Free Discharge)
2 _G=Exfiltration (Exfiltration Gontrols 0.03 cfs)

Primary OutFlow Max=8.52 cfs @ 12.17 hrs HW=513.41" (Free Discharge)
2 _o-Culvert (Passes 8.52 cfs of 31.75 cfs potential flow)
3=Orifice/Grate (Orifice Controls 6.57 cfs @ 4.18 fps)
~Orifice/Grate (Orifice Controls 1.94 cfs @ 2.17 fps)
=Orifice/Grate ( Controls 0.00 cfs)
econdary OutFlow Max=0.00 cfs @ 0.00 hrs HW=511.00' (Free Discharge)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Type lil 24-hr 2-Year Rainfall=3.22"

Printed 2/5/2024

Prepared by Turning Point Engineering

Great Dane-R1

Page 12

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Pond 1P: Basin 1

Hydrograph
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Great Dane-R1

-hr 2-Year Rainfall=3.22"
Printed 2/5/2024

0.0 min

for 2-Year event
0%, Lag

Type 1l 24
54,750 cf
54,750 cf, Atten

. Inflow Depth = 1.67"

Link AP-1: POST

Summary for Link AP-1: POST
0.00-72.00 hrs, dit= 0.05 hrs

393,199 sf, 50.26% Impervious

20 s/n 10079 © 2017 HydroCAD Software Solutions LLGC
14.00 cfs @ 12.14 hrs, Volume

14.00 cfs @ 12.14 hrs, Volume

Inflow, Time Span

Prepared by Turning Point Engineering

Great Dane-R1
HydroCAD® 10.00-
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Great Dane-R1

Great Dane-R1 Type Il 24-hr 10-Year Rainfall=4.83"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 14

\

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 1S: Runoff Area=209,902 sf 71.74% Impervious Runoff Depth=3.71"
Tc=6.0 min CN=90 Runoff=19.82 cfs 64,939 cf

Subcatchment 2S: Runoff Area=59,346 sf 75.08% Impervious Runoff Depth=4.03"
Tc=6.0 min CN=93 Runoff=5.93 cfs 19,936 cf

Subcatchment 35: " Runoff Area=43,147 sf 5.76% Impervious Runoff Depth=1.40"
Tc=6.0 min CN=63 Runoff=1.48 cfs 5,042 cf

Subcatchment 4S: Runoff Area=80,804 sf 0.00% Impervious Runoff Depth=2.31"
Flow Length=485' Tc=8.1 min CN=75 Runoff=4.59 cfs 15,569 cf

Pond 1P: Basin 1 Peak Elev=513.88' Storage=11,341cf Inflow=19.82 cfs 64,939 cf
Discarded=0.03 cfs 4,928 c¢f Primary=15.40 cfs 59,694 cf Secondary=0.00 cfs 0cf Outflow=15.43 cfs 64,623 cf

Link AP-1: POST Inflow=26.40 cfs 100,241 cf
Primary=26.40 cfs 100,241 cf

Total Runoff Area = 393,199 sf Runoff Volume = 105,486 cf Average Runoff Depth = 3.22"
49.74% Pervious = 195,574 sf  50.26% Impervious = 197,625 sf
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Great Dane-R1 Type lll 24-hr 10-Year Rainfall=4.83"
Prepared by Turning Point Engineering Printed 2/5/2024
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Summary for Subcatchment 1S:

Runoff = 19.82 cfs @ 12.09 hrs, Volume= 64,939 cf, Depth= 3.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, di= 0.05 hrs
Type Ill 24-hr 10-Year Rainfall=4.83"

Area (sf)  CN  Description
17,779 98 Unconnected roofs, HSG B
11,021 98 Unconnected roofs, HSG C
60,516 98 Paved parking, HSG B
61,270 98 Paved parking, HSG C
* 16,423 61 >75% Grass cover, Good, HSG B
31,404 74  >75% Grass cover, Good, HSG C
10,153 80 >75% Grass cover, Good, HSG D
1,336 70 Woods, Good, HSG C

209,902 90 - Weighted Average

59,316 28.26% Pervious Area
150,586 71.74% Impervious Area
28,800 19.13% Unconnected
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)
6.0 Direct Entry, Direct Entry

Subcatchment 1S:

Hydrograph
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Great Dane-R1

Type Il 24-hr 10-Year Rainfall=4.83"
Printed 2/5/2024

dt= 0.05 hrs

Depth= 4.03"

0.00-72.00 hrs

936 cf

19

Direct Entry, Direct Entry

Volume

(cfs)

Subcatchment 2S:

SCS, Weighted-CN, Time Span

Summary for Subcatchment 2S:

4.83"

(ft/sec)

>75% Grass cover, Good, HSG D

Weighted Average
75.08% Impervious Area

Paved parking, HSG D
>75% Grass cover, Good, HSG B
24.92% Pervious Area

Paved parking, HSG B

(ft/ft)

Slope Velocity Capacity Description

593cfs @ 12.09 hrs
CN Description

98
98
61
80
93

(feet)

SCS TR-20 method, UH

Area (sf)
31,272
13,283

2,027
12,764
59,346
14,791
44,555

Tc Length

(min)
6.0

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG

Prepared by Turning Point Engineering

Type Il 24-hr 10-Year Rainfall

Great Dane-R1

Runoff
Runoff by
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Great Dane-R1

-hr 10-Year Rainfal=4.83"
Printed 2/5/2024

, dt= 0.05 hrs

Depth= 1.40"

0.00-72.00 hrs

Type Il 24

042 cf

5

Direct Entry, Direct Entry

Good, HSG B

>75% Grass cover, Good, HSG D

55 Woods, Good, HSG B

Volume
63 Weighted Average

Subcatchment 3S:

(cfs)
Hydrograph

SCS, Weighted-CN; Time Span

4.83"

Summary for Subcatchment 3S:

(ft/sec)

Paved parking, HSG D
94.24% Pervious Area
5.76% Impervious Area

>75% Grass cover,

Rainfall
Slope Velocity Capacity Description

1.48cfs@ 12.10hrs
CN  Description

98
(ft/f1)

61

-20 method, UH
80

(feet)

Area (sf)
2,484
30,318
2,457
7,888
43,147
40,663
2,484
Tc Length

{min)
6.0

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Prepared by Turning Point Engineering

Great Dane-R1
Type Il 24-hr 10-Year

Runoff
" Runoff by SCS TR

e wm e m ey N
..... =L BB E R IITIN:
..... SO NS E NN
D A 2
...... e | el = O | B & ISR \
T EEwe QR o o
o 8 I s o
...... T =L R S A \ 3
...... =8N
|||||| -8 0 5= -8
||||||||| RI rllnul - - <
rA- - «
C = > c T o
||||||||| e||o||tu|||u||||||xn||||||||-| 3
......... Ym._mR ¢
......... S-S g N
......... 5 S —
................ - - NS
|||||||||||||||| o e e ——m——— = ——— W\SI
DS NIt
IR N 2
I SR §F
I S aREEEEEEEEEE 3
IR i T
I P
oo S
Rt E2
....................................... 4
o

(s10) mold



Great Dane-R1
Great Dane-R1 Type Ill 24-hr 10-Year Rainfall=4.83"

Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 18

Summary for Subcatchment 4S:

Runoff = 459cfs @ 12.12 hrs, Volume= 15,569 cf, Depth= 2.31"

Runoff by SCS TR-20 method, UH=S¢S, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type lil 24-hr 10-Year Rainfall=4.83"

Area (sf) CN __ Description
35,208 74  >75% Grass cover, Good, HSG C
18,348 80 >75% Grass cover, Good, HSG D
16,365 70 Woods, Good, HSG G

* 10,883 77 Woods, Good, HSG D
80,804 75 Weighted Average
80,804 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (f/ft)  (ft/sec) (cfs)
6.5 50 0.0360 0.13 Sheet Flow, Segment A
Grass: Dense n=0.240 P2=3.20"
1.2 357 0.0939 4.93 Shallow Concentrated Flow, Segment B
Unpaved Kv=16.1fps
0.4 78 0.0512 3.64 Shallow Concentrated Flow, Segment C

Unpaved Kv=16.1 fps

8.1 485 Total

Subcatchment 4S:

Hydrograph
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Great Dane-R1 Type Il 24-hr 10-Year Rainfali=4.83"
Prepared by Turning Point Engineering Printed 2/5/2024
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Summary for Pond 1P: Basin 1

Inflow Area = 209,902 sf, 71.74% Impervious, Inflow Depth= 3.71" for 10-Year event
Inflow = 19.82 cfs @ 12.09 hrs, Volume= 64,939 cf

Outflow = 15.43 cfs @ 12.16 hrs, Volume= 64,623 cf, Atten=22%, Lag= 4.2 min
Discarded = 0.03cfs @ 12.16 hrs, Volume= 4,928 cf

Primary = 15.40 cfs @ 12.16 hrs, Volume= 59,694 cf

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0 cf

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev=513.88' @ 12.16 hrs Surf.Area= 5,515 sf Storage= 11,341 cf

Plug-Flow detention time= 135.5 min calculated for 64,578 cf (99% of inflow)
Center-of-Mass det. time= 134.3 min (926.2 - 791.9)

Volume Invert Avail.Storage Storage Description
#1 511.00' 26,110 cf Custom Stage Data (Irregular) Listed below (Recalc)
Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sg-ft) {feet) (cubic-feet) {cubic-feet) (sqg-ft)
511.00 2,389 209.0 0 0 2,389
512.00 3,508 245.0 2,931 2,931 3,709
514.00 5,659 306.0 9,082 12,012 6,440
516.00 8,537 387.0 14,098 - 26,110 10,960
Device Routing Invert Outlet Devices

#1  Secondary 515.00' 10.0' long x 10.0" breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
' Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64
#2  Primary 508.00" 24.0" Round Culvert
L=90.0' CPP, end-section conforming to fill, Ke=0.500
Inlet / Outlet Invert= 508.00' / 506.00' S=0.0222 /" Gc=0.900
n=0.013 Corrugated PE, smooth interior, Flow Area= 3.14 sf

#3 Device 2 512.15' 12.0" Vert. Orifice/Grate X 2.00 C= 0.600
#4  Device 2 513.00' 12.0" Vert. Orifice/Grate X 3.00 C= 0.600
#5 Device 2 514.75' 48.0" Horiz. Orifice/Grate C= 0.600

Limited to weir flow at low heads
#6 Discarded 511.00' 0.270 in/hr Exfiltration over Surface area

Discarded OutFlow Max=0.03 cfs @ 12.16 hrs HW=513.87' (Free Discharge)
T 6=Exfiltration (Exfiltration Controls 0.03 cfs)

Primary OutFlow Max=15.25 cfs @ 12.16 hrs HW=513.87' (Free Discharge)
T s-Culvert (Passes 15.25 cfs of 33.38 cfs potential flow)
3=Orifice/Grate (Orifice Controls 8.35 cfs @ 5.32 fps)
=Qrifice/Grate (Orifice Controls 6.90 cfs @ 3.17 fps)
=Orifice/Grate ( Controls 0.00 cfs)

econdary OutFlow Max=0.00 cfs @ 0.00 hrs HW=511.00" (Free Discharge)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Great Dane-R1

-hr 10-Year Rainfall=4.83"
Printed 2/5/2024

for 10-Year event
0%, Lag= 0.0 min

Type 1l 24
100,241 cf, Atten

. Inflow Depth = 3.06"
100,241 cf

Link AP-1: POST

0.00-72.00 hrs, dt= 0.05 hrs
Hydrograph

Summary for Link AP-1: POST

393,199 sf, 50.26% impervious
26.40 cfs @ 12.12 hrs, Volume
26.40 cfs @ 12.12 hrs, Volume

Inflow, Time Span

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Scoftware Solutions LLC

Prepared by Turning Point Engineering

Great Dane-R1
Inflow Area
Primary outflow

Inflow
Primary

[ Primary

B Inflow

1
L
1
!
)
I
i
|
L
|
1
-
I
|
1
1
l
I
L
l
+
!
|

Lok~
I
)
|
|
i
I
4 66 68 70 72

I
L.
1
|
v
|r
1
[}
1
'
-
)
1
|
|
¥
1
i
1
L
|
L
1
|
+
1
|
i
|
46 48 50 52 54 56 58 60 62 6

30 34 36 38 40 42 44

I I DU S R SR ittt dia

0246 8 10 12 14 16 18 20 22 24 26 28 30

(s10) mold

Time (hours)



Great Dane-R1

Great Dane-R1 Type lll 24-hr 25-Year Rainfall=6.08"
Prepared by Turning Point Engineering Printed 2/5/2024
HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC Page 22

Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment 1S: Runoff Area=209,902 sf 71.74% Impervious Runoff Depth=4.92"
Tc=6.0 min CN=90 Runoff=25.89 cfs 86,127 cf

Subcatchment 2S; Runoff Area=59,346 sf 75.08% Impervious Runoff Depth=5.26"
Tc=6.0 min CN=93 Runoff=7.62 cfs 26,021 cf

Subcatchment 3S: Runoff Area=43,147 sf 5.76% Impervious Runoff Depth=2.23"
Tc=6.0 min CN=83 Runoff=2.47 cfs 8,027 cf

Subcatchment 4S: Runoff Area=80,804 sf 0.00% Impervious Runoff Depth=3.35"
Flow Length=485"' Tc=8.1 min CN=75 Runoff=6.69 cfs 22,560 cf

Pond 1P: Basin 1 Peak Elev=514.24' Storage=13,384 cf Inflow=25.89 cfs 86,127 cf
Discarded=0.04 cfs 5,029 ¢f Primary=19.26 cfs 80,776 ¢f Secondary=0.00 cfs 0 c¢f Outflow=19.30 cfs 85,805 cf

Link AP-1: POST ‘ Inflow=34.85 cfs 137,384 cf
‘ Primary=34.85 cfs 137,384 cf

Total Runoff Area = 393,199 sf Runoff Volume = 142,735 cf Average Runoff Depth = 4.36"
49.74% Pervious = 195,574 sf  50.26% Impervious = 197,625 sf
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Great Dane-R1 Type lll 24-hr 25-Year Rainfall=6.08"
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Summary for Subcatchment 1S:

Runoff = 25.89 cfs @ 12.09 hrs, Volume= 86,127 cf, Depth= 4.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Type lli 24-hr 25-Year Rainfall=6.08"

Area (sf) CN__ Description
17,779 98 Unconnected roofs, HSG B
11,021 98 Unconnected roofs, HSG C
60,516 98 Paved parking, HSG B
61,270 98 Paved parking, HSG C
* 16,423 61 >75% Grass cover, Good, HSG B
31,404 74 >75% Grass cover, Good, HSG C
10,153 80 >75% Grass cover, Good, HSG D
1,336 70 Woods, Good, HSG C

209,902 90 Weighted Average

59,316 28.26% Pervious Area
150,586 71.74% Impervious Area
28,800 19.13% Unconnected

Tc Length S'Iope Velocity Capacity Description
(min) {(feet) (ft/fit)  (fi/sec) (cfs)

6.0 Direct Entry, Direct Entry
Subcatchment 1S:
Hydrograph
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Great Dane-R1

-hr 25-Year Rainfall=6.08"
Printed 2/5/2024

= 5.26"

Depth
0.00-72.00 hrs, dt= 0.05 hrs

Type Il 24

26,021 cf

SCS, Weighted-CN, Time Span
HSG D

Summary for Subcatchment 2S:
6.08"

Paved parking, HSG B

Rainfall
Paved parking,

98

7.62cfs @ 12.09 hrs, Volume
98

-20 method, UH
CN Description

31,272
13,283

Area (sf)
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Great Dane-R1

-hr 25-Year Rainfall=6.08"
Printed 2/5/2024

2.23"

Depth
0.00-72.00 hrs, dt= 0.05 hrs .

Type Il 24

8,027 cf

Direct Entry, Direct Entry

Good, HSG B

>75% Grass cover, Good, HSG D

55 Woods, Good, HSG B
63 Weighted Average

(cfs)

SCS, Weighted-CN, Time Span
Subcatchment 3S:

6.08"

Summary for Subcatchment 3S:

(ft/sec)

Paved parking, HSG D
94.24% Pervious Area
5.76% Impervious Area

>75% Grass cover,

Rainfall

(f/ft)

247 cfs @ 12.10 hrs, Volume
Slope Velocity Capacity Description

CN Description

98

61

-20 method, UH
80

Area (sf)
2,484
30,318
2,457
7,888
43,147
40,663
2484

Tc Length

(feet)

(min)
6.0

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC
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Great Dane-R1
Runoff by SCS TR
Type Il 24-hr 25-Year

Runoff
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Great Dane-R1 Type lll 24-hr 25-Year Rainfall=6. 08"
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HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions 1LLC Page 26

Summary for Subcatchment 4S:

Runoff = 6.69cfs @ 12.12 hrs, Volume= 22 560 of, Depth= 3.35"

Runoff by SCS TR-20 method, UH= SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt=0.05 hrs
Type Hli 24-hr 25-Year Rainfall=6.08"

Area (sf) CN Description
35,208 74  >75% Grass cover, Good, HSG C
18,348 80 >75% Grass cover, Good, HSG D
16,365 70 Woods, Good, HSG C

* 10,883 77 Woods, Good, HSG D
80,804 75 Weighted Average
80,804 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/ft)  (ft/sec) (cfs)
6.5 50 0.0360 0.13 Sheet Flow, Segment A
Grass: Dense n=0.240 P2=3.20"
1.2 357 0.0939 4.93 Shallow Concentrated Flow, Segment B
Unpaved Kv=16.1fps
0.4 78 0.0512 3.64 Shallow Concentrated Flow, Segment C

Unpaved Kv=16.1 fps

8.1 485 Total

Subcatchment 4S:
Hydrograph

: E E E E i_':TWe' I!I 24 hr |
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b e Runoff Area=80; 804-sf-
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2 T T Runof Depti=3; 35"
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Great Dane-R1 Type Ill 24-hr 25-Year Rainfal=6.08"
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Summary for Pond 1P: Basin 1

inflow Area = 209,902 sf, 71.74% Impervious, Inflow Depth = 4.92" for 25-Year event
Inflow = 2589 cfs @ 12.09 hrs, Volume= 86,127 cf

Outflow = 19.30 cfs @ 12.16°hrs, Volume= 85,805 cf, Aiten=25%, Lag=4.6 min
Discarded = 0.04 cfs @ 12.16 hrs, Volume= 5,029 cf

Primary = 19.26 cfs @ 12.16 hrs, Volume= 80,776 cf

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0 cf

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 514.24' @ 12.16 hrs Surf.Area= 5,968 sf Storage= 13,384 cf

Plug-Flow detention time= 107.0 min calculated for 85,745 cf (100% of inflow)
Center-of-Mass det. time= 106.5 min ( 890.7 - 784.3 )

Volume invert Avail.Storage  Storage Description
#1 511.00' 26,110 cf Custom Stage Data (Irregular) Listed below (Recalc)
Elevation Surf.Area Perim. Inc.Store Cum.Store Wet.Area
(feet) (sg-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)
511.00 2,389 209.0 0 0 2,389
512.00 3,508 245.0 2,931 2,931 3,709
514.00 5,659 306.0 9,082 12,012 6,440
516.00 8,537 387.0 14,098 26,110 ' 10,960
Device Routing Invert Qutlet Devices

#1  Secondary 515.00' 10.0'long x 10.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64
#2  Primary 508.00' 24.0" Round Culvert
L=90.0' CPP, end-section conforming to fill, Ke=0.500
Inlet / Outlet Invert= 508.00' / 506.00' S= 0.0222'/" Cc=0.900
n=0.013 Corrugated PE, smooth interior, Flow Area= 3.14 sf

#3 Device 2 512.15' 12.0" Vert. Orifice/Grate X 2.00 C=0.600
#4 Device 2 513.00' 12.0" Vert. Orifice/Grate X 3.00 C=0.600
#5 Device 2 514.75' 48.0" Horiz. Orifice/Grate C=0.600

Limited to weir flow at low heads
#6 Discarded 511.00' 0.270 in/hr Exfiltration over Surface area

Discarded OutFlow Max=0.04 cfs @ 12.16 hrs HW=514.22' (Free Discharge)
1 _6=Exfiltration (Exfiliration Controls 0.04 cfs)

Primary OutFlow Max=19.08 cofs @ 12.16 hrs HW=514.22" (Free Discharge)
* o-culvert (Passes 19.08 cfs of 34.55 cfs potential flow)
3=Orifice/Grate (Orifice Controls 9.47 cfs @ 6.03 fps)
=Orifice/Grate (Orifice Controls 9.61 cfs @ 4.08 fps)
=Orifice/Grate ( Controls 0.00 cfs)
econdary OutFlow Max=0.00 cfs @ 0.00 hrs HW=511.00" (Free Discharge)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Great Dane-R1
Page 29

Type lll 24-hr 25-Year Rainfall=6.08"
Printed 2/5/2024

0.0 min

for 25-Year event
0%, Lag

137,384 cf
137,384 cf, Atten

0.05 hrs

, Inflow Depth = 4.19"

Link AP-1: POST

0.00-72.00 hrs, dt
Hydrograph

Summatry for Link AP-1: POST

393,199 sf, 50.26% Impervious

34.85cfs @ 12.12 hrs, Volume
34.85cfs @ 12:12 hrs, Volume

20 s/n 10079 © 2017 HydroGAD Software Solutions LLG
Inflow, Time Span
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Great Dane-R1 Type Ill 24-hr 100-Year Rainfall=8.64"
Prepared by Turning Point Engineeting Printed 2/5/2024
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Time span=0.00-72.00 hrs, dt=0.05 hrs, 1441 points
Runoff by SCS TR-20 method, UH=5CS, Weighted-CN
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-ind method

Subcatchment 1S: : Runoff Area=209,902 sf 71.74% Impervious Runoff Depth=7.44"
Tc=6.0 min CN=90 Runoff=38.17 cfs 130,073 cf

Subcatchment 2S: Runoff Area=59,346 sf 75.08% Impervious Runoff Depth=7.80"
Tc=6.0 min CN=93 Runoff=11.04 cfs 38,565 cf

Subcatchment 3S: Runoff Area=43,147 sf 5.76% Impervious Runoff Depth=4.18"
Tc=6.0 min CN=63 Runoff=4.75 cfs 15,023 cf

Subcatchment 4S: Runoff Area=80,804 sf 0.00% Impervious Runoff Depth=5.62"
Flow Length=485' Tc=8.1 min CN=75 Runoff=11.16 cfs 37,861 cf

Pond 1P: Basin 1 Peak Elev=514.95' Storage=18,006 cf Inflow=38.17 cfs 130,073 cf
Discarded=0.04 cfs 5,182 ¢f Primary=28.68 cfs 124,562 of Secondary=0.00 cfs 0cf Outflow=28.72 cfs 129,744 cf

Link AP-1: POST Inflow=51.91 cfs 216,013 cf
Primary=51.91 cfs 216,013 cf

Total Runoff Area = 393,199 sf Runoff Volume = 221,524 cf Average Runoff Depth = 6.76"
49.74% Pervious = 195,574 sf  50.26% impervious = 197,625 sf
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Great Dane-R1 Type Ill 24-hr 100-Year Rainfall=8.64"
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Summary for Subcatchment 1S:

Runoff = 38.17 cfs @ 12.09 hrs, Volume= 130,073 cf, Depth= 7.44"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt= 0. 05 hrs
Type Ili 24-hr 100-Year Rainfall=8. 64"

Area (sf) CN  Description
17,779 98 Unconnected roofs, HSG B
11,021 98 Unconnected roofs, HSG C
60,516 98 Paved parking, HSG B
61,270 98 Paved parking, HSG C
* 16,423 61 >75% Grass cover, Good, HSG B
31,404 74  >75% Grass cover, Good, HSG C
10,153 80 >75% Grass cover, Good, HSG D
1,336 70 Woods, Good, HSG C

209,902 90 Weighted Average

59,316 28.26% Pervious Area
150,586 71.74% Impervious Area
28,800 19.13% Unconnected
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (f/ft)  (fi/sec) (cfs)
6.0 Direct Entry, Direct Entry

Subcatchment 1S:

Hydrograph
T Y e
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-hr 100-Year Rainfall=8.64"
Printed 2/5/2024

, dt= 0.05 hrs

7.80"

Depth
0.00-72.00 hrs

Type Il 24

38,565 cf

Direct Entry, Direct Entry

Good, HSG B
>75% Grass cover, Good, HSG D

93 Weighted Average
Subcatchment 2S:

(cfs)

SCS, Weighted-CN, Time Span

Summary for Subcatchment 2S:
8.64"

(ft/sec)

Paved parking, HSG B
Paved parking, HSG D
24.92% Pervious Area
75.08% Impervious Area

>75% Grass cover,
Slope Velocity Capacity Description

98
98
(fi/ft)

61

1{.04cfs @ 12.09 hrs, Volume
80

-20 method, UH
-Year Rainfall
CN Description

(feet)

Area (sf)
31,272
13,283

2,027
12,764
59,346
14,791
44,555

Tc Length

{min)
6.0

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC

Prepared by Turning Point Engineering

Great Dane-R1
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Type Ill 24-hr 100-Year Rainfall=8.64"
Printed 2/5/2024

0.05 hrs -

4.18"
dt

Depth=
0.00-72.00 hrs,

15,023 cf,

Direct Entry, Direct Entry

Hydrograph

Volume
Subcatchment 3S:

(cfs)

SCS, Weighted-CN, Time Span

8.64"

Summary for Subcatchment 3S:

(ft/sec)

>75% Grass cover, Good, HSG D

55 Woods, Good, HSG B

>75% Grass cover, Good, HSG B
63 Weighted Average

5.76% Impervious Area

94.24% Pervious Area

Paved parking, HSG D
Slope Velocity Capacity Description

4.75cfs @ 12.09 hrs
CN Description

(ft/ft)

SCS TR-20 methed, UH
-hr 100-Year Rainfall
98
61
80
(feet)

Area (sf)
2,484
30,318
2,457
7,888
43,147
40,663
2,484
Tc Length

6.0

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLG
(min)
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Runoff by
Type 111 24

Runoff

Great Dane-R1
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Great Dane-R1 Type Il 24-hr 100-Year Rainfall=8.64"
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Summaty for Subcatchment 4S:

Runoff = 11.16cfs @ 12.11 hrs, Volume= 37,861 cf, Depth= 5.62"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-72.00 hrs, dt=0.05 hrs
Type lil 24-hr 100-Year Rainfall=8.64"

Area (sf) CN _ Description
35,208 74  >75% Grass cover, Good, HSG C
18,348 80 >75% Grass cover, Good, HSG D
16,365 70 Woods, Good, HSG C

* 10,883 77 Woods, Good, HSG D
80,804 75 Weighted Average
80,804 100.00% Pervious Area
Tc Length Slope Velocity Capacity Description
(min) __ (feet) (ft/fft)  (ft/sec) (cfs)
6.5 50 0.0360 0.13 Sheet Flow, Segment A
' Grass: Dense n=0.240 P2=3.20"
1.2 357 0.0939 4,93 Shallow Concentrated Flow, Segment B
Unpaved Kv=16.1 fps
0.4 78 0.0512 3.64 Shallow Concentrated Flow, Segment C

Unpaved Kv= 16.1 fps

8.1 485 Total

Subcatchment 4S:
Hydrograph .
S T rype 24-hr
T T {004Year Rainfali=8.64"
Ui P Runolf Area=80,804 st
EERERNNEEE E_i RunoffVolume=37,861 cf
k| dad it Runoff Depth=5.62"
| S Fiow Ii-elngth=485*__.
5 IRy Te=8.1.min._
| ::::::::::::::::::::::::::::
Y 7777 il W/////

A L g
0 2 4 6 8 10 12 14 16 18 20 2224 26 2830 32 3436 38 40 4244 46 48 50 52 5456 58 60 62 64 66 68 70 72
Time (hours)
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Great Dane-R1 Type Il 24-hr 100-Year Rainfall=8.64"
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Summary for Pond 1P: Basin 1

Inflow Area = 209,902 sf, 71.74% Impervious, Inflow Depth = 7.44" for 100-Year event
Inflow = 38.17 cfs @ 12.09 hrs, Volume= 130,073 cf ,
Outflow = 28.72 cfs @ 12.16 hrs, Volume= 129,744 cf, Atten=25%, Lag= 4.6 min
Discarded = 0.04 cfs @ 12.17 hrs, Volume= 5,182 cf ‘

Primary = 28.68 cfs @ 12.16 hrs, Volume= 124,562 cf

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0 cf

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.05 hrs
Peak Elev= 514.95' @ 12.17 hrs Surf.Area= 6,955 sf Storage= 18,006 cf

Plug-Flow detention time= 76.5 min calculated for 129,654 cf (100% of inflow)
Center-of-Mass det. time= 76.7 min ( 850.4 - 773.7 )

Volume Invert Avail.Storage  Storage Description
#1 511.00' 26,110 ¢f Custom Stage Data (Irregular) Listed below (Recalc)
Elevation Surf.Area  Perim. Inc.Store Cum.Store Wet.Area
(feet) {sq-ft) (feet) (cubic-feet) (cubic-feet) (sq-ft)
511.00 2,389 209.0 0 0 2,389
512.00 3,508 245.0 2,931 2,931 3,709
514.00 5,659 306.0 9,082 12,012 6,440
516.00 8,537 387.0 14,098 26,110 10,960
Device Routing Invert Outlet Devices

#1  Secondary 515.00' 10.0' long x 10.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2.70 2.69 2.68 2.69 2.67 2.64
#2  Primary 508.00' 24.0" Round Culvert
L=90.0' CPP, end-section conforming to fill, Ke=0.500
Inlet / Outlet Invert= 508.00' / 506.00" S=0.0222"'/" Cc= 0.900
n=0.013 Corrugated PE, smooth interior, Flow Area= 3.14 sf

#3 Device 2 512.15" 12.0" Vert. Orifice/Grate X 2.00 C= 0.600
#4  Device 2 513.00' 12.0" Vert. Orifice/Grate X 3.00 C= 0.600
#5 Device 2 514.75' 48.0" Horiz. Orifice/Grate C= 0.600

Limited to weir flow at low heads
#6 Discarded 511.00' 0.270 in/hr Exfiltration over Surface area

Discarded OutFlow Max=0.04 cfs @ 12.17 hrs HW=514.92" (Free Discharge)
T _6=Extfiltration (Exfiliration Controls 0.04 cfs)

Primary OutFlow Max=28.02 cfs @ 12.16 hrs HW=514.93" (Free Discharge)
T o-Culvert (Passes 28.02 cfs of 36.83 cfs potential flow) -
3=Orifice/Grate (Orifice Controls 11.41 cfs @ 7.27 fps)
=Orifice/Grate (Orifice Controls 13.55 cfs @ 5.75 fps)
=Orifice/Grate (Weir Controls 3.05 cfs @ 1.37 fps)

econdary OutFlow Max=0.00 cfs @ 0.00 hrs HW=511 .00' (Free Discharge)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Type lll 24-hr 100-Year Rainfall=8.64"
0.0 min

Printed 2/5/2024

for 100-Year event
0%, Lag

6.59"

216,013 cf
216,013 cf, Atten

0.05 hrs

Link AP-1: POST

Hydrograph

Summaty for Link AP-1: POST
0.00-72.00 hrs, dt

199 sf, 50.26% Impetvious, Inflow Depth

393,
51.91 c¢fs @ 12.13 hrs, Volume

51.91 cfs @ 12.18 hrs, Volume

Inflow, Time Span

HydroCAD® 10.00-20 s/n 10079 © 2017 HydroCAD Software Solutions LLC
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Stage-Area-Storage for Pond 1P: Basin 1*

Elevation Surface Storage Elevation Surface Storage
(feet) {sg-ft) (cubic-feet) (feet) (sg-ft) (cubic-feet)
511.00 2,389 0 513.60 5,188 9,844
511.05 . 2,440 121 513.65 5,246 10,104
511.10 2,491 244 513.70 5,304 10,368
511.15 2,543 370 513.75 5,362 10,635
511.20 2,596 498 513.80 5,421 10,904
511.25 2,649 629 513.85 5,480 11,177
511.30 2,702 763 513.90 5,539 11,452
511.35 2,756 900 513.95 5,599 11,731
511.40 2,811 1,039 514.00 5,659 12,012
511.45 2,866 1,181 514.05 5,724 12,297
511.50 2,922 1,325 514.10 5,789 12,585
511.55 2,978 1,473 514.15 5,854 12,876
511.60 3,035 1,623 514.20 5,920 13,170
511.65 3,092 1,776 514.25 5,987 13,468
511.70 3,150 1,932 514.30 6,053 13,769
511.75 3,208 2,091 514.35 6,120 14,073
511.80 3,267 2,253 514.40 6,187 14,381
511.85 3,326 2,418 514.45 6,255 14,692
511.90 3,386 2,586 514.50 6,323 15,006
511.95 3,447 2,757 514.55 6,392 15,324
512.00 3,508 2,931 514.60 6,460 15,646
512.05 3,556 3,107 514.65 6,530 15,970
512.10 3,603 3,286 514.70 6,599 16,299
512.15 3,652 3,468 ' 514.75 6,669 16,630
512.20 3,700 3,651 514.80 6,739 16,965
512.25 3,749 3,838 514.85 6,810 17,304
512.30 3,798 4,026 514.90 6,881 17,646
512.35 3,847 4,217 514.95 6,953 17,992
512.40 . 3,897 4,411 515.00 ' 7,024 18,342
512.45 3,947 4,607 515.05 7,096 18,695
512.50 3,998 4,806 515.10 7,169 19,051
512.55 4,048 5,007 515.15 7,242 19,412
512.60 4,100 5,211 515.20 7,315 19,776
512.65 4,151 5,417 515.25 7,389 20,143
512.70 4,203 5,626 515.30 7,463 20,514
512.75 4,255 5,837 515.35 7,637 20,889
512.80 4,307 6,051 515.40 7,612 21,268
512.85 4,360 6,268 515.45 7,687 21,651
512.90 4,413 6,487 515.50 7,762 22,037
512.95 4,466 6,709 515.55 7,838 22,427
513.00 4,520 6,934 515.60 7,914 - 22,821
513.05 4,573 7,161 515.65 7,991 23,218
513.10 4,628 7,391 515.70 8,068 23,620
513.15 4,682 7,624 515.75 8,145 24,025
513.20 4,737 7,859 515.80 8,223 24,434
513.25 4,792 8,098 515.85 8,301 24,847
513.30 4,848 8,339 515.90 8,379 25,264
513.35 4,904 8,582 515.95 8,458 25,685
513.40 4,960 8,829 516.00 8,537 26,110
513.45 5,016 9,078
513.50 5,073 9,331
513.55 5,130 9,586
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Important: When
filling out forms
on the computer,
use only the tab
key to move your
cursor - do not

Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report

A. Introduction

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
Reportand 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:

o The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see
page 2) that certifies that the Stormwater Report contains all required submittals.' 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

o 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 Stormwalter 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 Perlod 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. Ifitis
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

| 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 lllicit 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. | have also determined that the
information presented in the Stormwater Checkiist 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

RICHARD M.
MAINVILLE

CIviL
No. 28323

ignature and Date

//9/7{,/ il

Checklist

Project fype: s the application for new development, redevelopment, or a mix of new and
redevelopment?

Xl 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
[] Credit2
[1 Credit3
] Use of "country drainage” versus curb and gutter conveyance and pipe
[] Bioretention Celis (includes Rain Gardens)
[] Constructed Stormwater Wetlands (includes Gravel Wetlands designs)
[] Treebox Filter
[] Water Quality Swale
[l Grass Channel
] Green Roof
[] Other (describe):

Standard 1: No New Untreated Discharges

XI No new untreated discharges

IX| Outlets have been designed so there is no erosion or scour to wetlands and waters of the
Commonwealth

X 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.

X| 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
X| Soil Analysis provided.

Required Recharge Volume calculation provided.

[

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

X

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

Static [1 Simple Dynamic 1 Dynamic Field!

<

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

O

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.

1

Recharge BMPs have been sized fo 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.

Y

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)

X 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.

B 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:

E e o

o Good housekeeping practices;

o Provisions for storing materials and waste products inside or under cover;

s 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,

o Requirements for storage and use of fertilizers, herbicides, and pesticides;

¢ Pet waste management provisions;

« Provisions for operation and management of septic systems;

e Provisions for solid waste management;

« Snow disposal and plowing plans relative to Wetland Resource Areas;

e Winter Road Salt and/or Sand Use and Storage restrictions;

o 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 splil 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.

Xl 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 Il or Interim Wellhead Protection Area
X 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.

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

Xl 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:

X The %" 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.

X 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.

[] ATMDL 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 inciuded 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.

L]
[] 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.

[l

All exposure has been eliminated.

L1

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

[1 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

O oo odod

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,

- [O1 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 Constructidn 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;

Canstruction 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.

X| 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.

XI 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

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

DX Name of the stormwater management system owners;

D] Party responsible for operation and maintenance;

DX Schedule for implementation of routine and non-routine maintenance tasks;
P Plan showing the location of all stormwater BMPs maintenance access areas;
DX Description and delineation of public safety features;

BJ Estimated operation and maintenance budget; and

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

X An lllicit Discharge Compliance Statement is attached;

[ NO Ilicit Discharge Compliance Statement is attached but will be submitted prior to the discharge of
any stormwater to post-construction BMPs.
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Hydrologic Soil Group—Worcester County, Massachusetts, Southern Part

USDA
|

Hydrologic Soil Group

Map unit symbol

Map unit name

_Rating

Acres in AOI

Percent of AOI k

Water

6.6

6.9%

3A

‘Scarboro and Walpole

soils, 0 to 3 percent
slopes

B/D

4.2

4.3%

72A

Whitman fine sandy
loam, 0 to 3 percent
slopes

10.6

10.9%

254B

Merrimac fine sandy
loam, 3 to 8 percent
slopes

71

7.4%

305B

Paxton fine sandy loam,
3 to 8 percent slopes

9.8

10.1%

305C

Paxton fine sandy loam,
8 to 15 percent slopes

0.2

0.2%

307B

Paxton fine sandy loam,
0 to 8 percent slopes,
extremely stony

17.4

18.0%

307C

Paxton fine sandy loam,
8 to 15 percent
slopes, extremely
stony

15.6

16.1%

307E

Paxton fine sandy loam,
15 to 35 percent
slopes, extremely
stony

1.8

1.9%

420B

Canton fine sandy loam,
3 to 8 percent slopes

16.5

17.1%

4228

Canton fine sandy loam,
0 to 8 percent slopes,
extremely stony

6.9

7.1%

Totals for Area of Interest

96.6

100.0%

Natural Resources
Conservation Service

National Cooperative Soil Survey

" Web Soil Survey

12/18/2023
Page 3 of 4



Hydrologic Soil Group—Worcester County, Massachusetts, Southern Part

Description

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.

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 fransmission.

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.

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

USDA Natural Resources Web Soil Survey 12/18/2023
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Northeast Great Dane - Sutton, MA

FES1

Do= 1 ft

Q= 5.7 cfs (25-yr Storm)
Tw= 0.5 ft

La=1.7Q/(Do**)+8Do

W=3Do+0.4la
W= 10.08 ft

d50=(0.02/Tw)*((Q/D0)*?)

La=1.7Q/(Do**)+8Do

La= 27.08 ft
W=3Do+0.4La
W= 15.33 ft

d50=(0.02/Tw)*((Q/D0)**)

d50= 0.64 ft
7.70 in

d50= 0.41 ft
4,89 in
FES3
Do= 1.5 ft
Q= 16.3 cfs (25-yr Storm)
Tw= 0.75 ft '

TPE# 1126
FES2
Do= 1 ft
Q= 4.8 cfs (25-yr Storm)
Tw= 0.5 ft

La=1.7Q/(D03/2)+8D0

La= 16.16 ft
W=3Do+0.4La
W= 9.46 ft

d50=(0.02/Tw)*{(Q/D0)*?)

d50= 0.32 ft
3.89 in
FES4
Do= 2 ft
Q= 19 cfs (25-yr Storm)
Tw= 1ft

La=1.7Q/(Do¥*)+8Do CCO

La= 27.42 ft
W=3Do+0.4La
W= 16.97 ft

d50=(0.02/Tw)*((Q/D0)*?)

d50= 0.40 ft
4.83 in




TSS REMOVAL WORKSHEET PRIOR TO INFILTRATION (Inf. Basin 1)

A B c D E
TSS Removal | Starting TSS Amount 1o maining Load
BMP . Removed (B
Rate Load (C-D)
x C)
Deep sump S5 | 25.0% 100.0% 25.0% 75.0%
HD1 (HD4) 91.0% 75.0% 68.3% 6.8%
Total TSS_ 93.3%
Removal =

* Equals remaining load from previous BMP (E)




TSS REMOVAL WORKSHEET PRIOR TO DISCHARGE (Inf. Basin 1)

A B C D E
. Amount ..
BMP TSS Removal| Starting ;I’SS Removed (B Remaining Load
Rate Load (C-D)
x C)
Deep sump CB's 25.0% 100.0% 25.0% 75.0%
w/ hoods
HD1 (HD6) 91.0% 75.0% 68.3% 6.8%
Infiltration Basin 80.0% 6.8% 5.4% 1.4%
Total TSS_ 98.7%
Removal =

* Equals remaining load from previous BMP (E)




TSS REMOVAL WORKSHEET PRIOR TO DISCHARGE

A B C D E
TSS Removal Starting TSS Amount Remaining Load
BMP N Removed (B
Rate Load (C-D)
x C)
Deep sump CB's | o5 100.0% 25.0% 75.0%
w/ hoods o
HydroDome o 0 0 o
HD2 & HD3 80.0% 75.0% 60.0% 15.0%
Total TSS_ 85.0%
Removal =

* Equals remaining load from previous BMP (E)
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Hydroworks Technical Submission for Northeast Great Dane

Hydroworks is pleased to make a submission regarding the stormwater treatment structure for Northeast
Great Dane in Sutton, MA. We propose the use of a HD 6 and two HS 4 hydrodynamic separator for
this project. Sizing calculations were based on annual TSS removal and treatment of the MADEP water
quality flow rate.

Hydroworks HydroDome Operation

HydroDome is unique since it provides benefits for both water quality and water quantity or flow
control. HydroDome comes complete and simply slides into the outlet pipe from a drainage structure
and is secured to the wall with two anchor bolts. (Figure 1).

Figure 1. Hydroworks HydroDome
HydroDome consists of two main components:

1. A siphon with flow control
2. A flow weir (main flow path)

At the heart of HydroDome is a siphon that regulates the water level in the structure and the flow rate
leaving the structure. (Figure 2)
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Figure 2 HydroDome Components
The siphon raises the water level to pre-determined level without allowing water to exit the structure.
The raised water level provides greater time for initial TSS removal, reduces inlet velocities by

increasing the area of flow in the upstream pipe, and provides a greater volume or buffer of water to
prevent scour of previously settled solids.

Water flows into the device through horizontal openings at the bottom of the HydroDome. Water then
must travel upwards through a siphon. A debris screen is located at the entrance to the siphon to
provide secondary protection for the siphon (primary protection provided by the body of the
HydroDome itself). Once the water level reaches a pre-determined height the siphon begins to engage
and water flows out of the structure downstrean. The siphon flow is controlled by an orifice whose
size can be changed to provide the desired flow control. The water level continues to rise since the
siphon flow is regulated by a small orifice.

A weir above the siphon provides the main flow path through the separator and prevents the systermn

from surcharging. A scour protection plate minimizes scout by preventing upward velocities/flow
from the structure floor during periods of peak flow.

HydroDome combines the function of separator, hood, and flow control with active storage to provide
a multi-purpose stormwater management solution in one structure.

HydroDome can be used as an inlet structure or as a regular drainage structure without any modification,

Construction Materials

The internal components of the HydroDome are made from HDPE. The shell of the structure is pre-
cast concrete. Pre-cast concrete is readily accepted by all municipalities since it has the following
advantages:

Northeast Great Dane, Sutton, MA 3



e long service life

e case of installation (less dependent on backfill (contractor proficiency) for structural integrity)

e concrete structures are designed for both anti-buoyancy and traffic loading without any field
requirements (such as structural loading slabs in traffic areas and anti-buoyancy slabs to
prevent groundwater uplift).

e low maintenance requirements

Hydroworks HD Separator Dimensions and Capacities

The HD separator is manufactured in a variety of sizes from 4 ft inside diameter to 12 ft inside diameter
as shown in Table L.

Table 1. Hydroworks HD Separator Dimensions*
Model Structure | Structure Sediment/ Oil/Floating Permanent
Inside Depth | Sinking Trash Trash Volume | Pool (Wet)
Diam. (ft) (f)* Volume (ft*) (gal) Volume (gal) |
HD 3 3 4 11 31 210
HD 4 4 4 25 70 420
HD 5 5 5.5 47 134 805
HD 6 6 6.5 80 230 1375
HD 7 7 7.5 125 360 2155
HD 8 8 8.5 188 560 3195
HD 10 10 10.5 367 1125 6165
HD 12 12 12.5 631 1975 10575

*Dimensions vary with project requirements

The volumes provided in Table 1 for oil and sediment are to full capacity and not indicative of
recommended depths/volumes for maintenance.

Headloss

Any water quality system implemented in a storm drain network will create headloss in the system. In
general, depending on the configuration of the by-pass, systems designed to treat high flows or all of the
flow will have a higher headloss impact on the storm drain network than systems that by-pass high

flows.

The headloss created by the HD separator was measured in an independent laboratory (Alden
Research Laboratory) for a full-scale HD 3 (Figures 3).

Northeast Great Dane, Sutton, MA 4
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Figure 3. HydroDome Headloss

Headloss in the HydroDome decreases with velocity head due to the siphon creating an initial large
headloss and the high weir reducing the headloss with increasing flow. The water level inside the
HydroDome must exceed the level of the siphon for water to flow out of the structure. This creates an

initially high headloss and a discontinuity between the upstream and downstream flow depths.

The sizing program calculates upstream flow head based on either the provided downstream flow rate
or full pipe flow assuming the flow is not surcharged in the outlet pipe. Please contact Hydroworks to
‘determine headloss in designs where tailwater creates a surcharge condition to ensure the headloss
created by the HydroDome is acceptable for these site-specific applications.

Hydroworks HydroStorm (HS) Operation

The Hydroworks HydroStorm separator is a vortex separator with a high flow bypass. Accordingly, high
flows do not scour out the fines that are settled in the low flow path since they are bypassed downstream
without entering the lower chamber as shown in Figure 1.

The HS separator consists of 4 areas:

A pre-treatment area designed to remove coarse solids

An inner chamber where water enters the treatment chamber and oil is trapped
A lower chamber where fine solids are removed

A high flow bypass to convey higher flows directly downstream

R~

Under normal or low flows, water enters a pre-treatment area with a horizontal grate. The area

underneath the grate is submerged with openings to the main treatment area of the separator. Coarse
solids fall through the grate and are either trapped in the pretreatment area or conveyed into the main
treatment area depending on the flow rate (Figure 4A). Fines are transported into the main treatment

Northeast Great Dane, Sutton, MA 5



area. Openings and weirs in the pretreatment area allow entry of water and solids into the main
treatment area and cause water to rotate in the main treatment area creating a vortex motion. Water in
the main treatment area is forced to rise along the walls of the separator to discharge from the
treatment area to the downstream pipe.

Outlet

High Flow

inlet

Figure 4A Hydroworks HydroStorm Operation — Plan View

The vortex motion forces solids and floatables to the middle of the inner chamber. Floatables are
trapped since the inlet to the treatment area is submerged. The design maximizes the retention of
settled solids since solids are forced to the center of the inner chamber by the vortex motion of water
while water must flow up the walls of the separator to discharge into the downstream pipe.

A set of high flow weirs near the outlet pipe create a high flow bypass over both the pretreatment area
and main treatment chamber. The rate of flow into the treatment area is regulated by the number and
size of openings into the treatment chamber and the height of by-pass weirs. High flows flow over the
weirs directly to the outlet pipe preventing the scour and resuspension of any fines collected in the
treatment chamber.

Northeast Great Dane, Sutton, MA 6



A central tube is located in the structure to provide access for cleaning. The arrangement of the inlet
area and bypass weirs near the outlet pipe facilitate the use of multiple inlet pipes. Figure 4Bisa
profile view of the HydroStorm separator showing the flow patterns for low and high flows.

Inlet -1 Outlet

—> ol —p

High Flow | L/I Low Flow

Figure 4B Hydroworks HydroStorm Operation — Profile View

The HSi is an inlet version of the HydroStorm (HS) separator (Fig
top of the FSi. Water flows directly into the HSi from above throug
structure. The grate is oversized to allow maintenance o
grate on the top cap and directs the watet to the inlet side of the separator.
Water continues moving through the separator similar to a standard unit once the water falls on the
upstream side of the by-pass Weirs.

Northeast Great Dane, Sutton, MA
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Figure 5. Hydroworks HSi Flow Path

The HSi provides the same separate flow paths for low and high flow as the other HydroStorm
models. The funnel is removed for inspection and cleaning providing the exact same access for
operations and maintenance as the standard HydroStorm models.

Construction Materials

The inner chamber and outlet baffle are made out of a copolymer plastic. The shell of the structure is
pre-cast concrete. Pre-cast concrete is readily accepted by all municipalities since it has the following

advantages:

e long service life

e ease of installation (less dependent on backfill (contractor proficiency) for structural integrity)

e concrete structures are designed for both anti-buoyancy and traffic loading without any field
requirements (such as structural loading slabs in traffic areas and anti-buoyancy slabs to
prevent groundwater uplift).

e low maintenance requirements

Northeast Great Dane, Sutton, MA 8



Hydroworks HS Separator Dimensions and Capacities

The HS separatos is manufactured in a variety of sizes from 4 ft inside diameter to 12 ft inside diameter
as shown in Table 2. Larger sizes may not be available in all areas. Please check with Hydroworks to

ensure availability of the larger model sizes.

Table 2. Hydroworks HS Separator Dimensions* ]
Model Structure Structure Sediment/ Oil/Floating Permanent Pool
Inside Diam. Depth Sinking Trash | Trash Volume Wet Volume (gal)
(SID) (ft) (foy* Volume (ft*) (gal)

HS 4 4 4 30 95 375

HSS 5 5 60 165 730

HS 6 6 6 110 270 1265

HS 7 7 6.5 160 410 1870

HS 8 8 7 220 615 2630

HS 10 10 9 465 1130 5285

HS 12 12 11 835 1875 9035

*Dimensions vary with project requirements

The volumes provided in Table 2 for oil and sediment are to full capacity and not indicative of
recommended depths/volumes for maintenance. )

Headloss

Any water quality system implemented in a storm drain network will create headloss in the system. In
general, depending on the configuration of the by-pass, systems designed to treat high flows or all of the
flow will have a higher headloss impact on the storm drain network than systems that by-pass high

flows.

The headloss created by the HS separator was measured in an independent laboratory (Alden Research
Laboratory) for a full-scale HS 4. The K value (h =K v2/(2g)) for headloss calculations was
determined to be 1.04 as shown in Figure 6.
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Figure 6. HydroStorm Headloss K Factor (1.04)

Site Drainage

The water quality flow and peak conveyance flow were calculated based on areas and imperviousness
delineated from the site plan and the pipe sizes and slopes provided on the grading and drainage plan
C-5.1 dated December 6, 2023 (Figure 7). These flows are provided in Table 3.

///_—\
Table 3. Northeast Great Dane Water Quality Separator Parameters
Location | Area | Impervious Tc WQY Peak Conveyance Recommended
ac % (min) (cfs)* (cfs)** Unit
HD 1 4.79 68 12 34 19.0 D6
HD 2 1.13 27 6 0.4 8.0 HS 4
HD3 0.67 65 6 0.5 52 HS 4

*Based on 17 of runoff
#% Based on full pipe flow (un-surcharged)

Northeast Great Dane, Sutton, MA 10



Figure 7. Northeast Great Dane Separator Drainage Areas

The HydroDome HS 4 water quality treatment rate based on NJDEP ratings is 0.9 cfs and the HD 6 is
rated for a water quality flow rate of 3.4 cfs. Therefore, the HD 6 is proposed for HD 1 and HS 4
separators are proposed for HD 2 and HD 3.

A review of the hydraulics and rim elevations upstream indicate that the HydroDome will safely

convey the peak conveyance flow based on the pipe sizes and slopes give for non-surcharged
conditions.

TSS Removal Calculations for the Specified System

Hydroworks sizes separators based on continuous analysis of rainfall, runoff, and TSS settling in the
HydroDome based on laboratory testing.

These calculations require a user input particle size distribution. We have used the NJDEP particle size
distribution for this project.

Northeast Great Dane, Sutton, MA 11



Table 4. Northeast Great Dane TSS Particle Size Distribution j
Particle Size (um) % by Mass

1 5

4 5

6 5

7 5

18 15

45 10

70 5

90 10
125 15
200 15
400 5

850 5

TSS removal calculations in the sizing program are based on the HydroDome being a completely
mixed reactor vessel. The removal calculations solve a first order differential equation for the

concentration of solids in the tank at any time. The first order differential equation is for continuity of

mass.
CV=QC;-QCt-1cV

C’ = the change in concentration of solids in the tank with time

Q = flow rate through the tank
C; = solids concentration in the influent to the tank

C, = solids concentration in the tank

V = tank volume
1. = reduction in solids in the tank (T'SS Removal)

Continuous simulation requires historical rainfall data. Forty-five years of rainfall data (1957-2001)
from Worcester, MA, were used to analyze the Northeast Great Dane project.

I aboratory testing (Alden, 2020) results for TSS removal for the HydroDome using the NJDEP TSS
distribution is provided in Figure 8. Figure 9 shows the NJDEP TSS particle size distribution tested

with the HD 3.

Northeast Great Dane, Sutton, MA

12



100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

TSS Removal Efficiency

HD Sediment Removal Efficiency
Alden Research Laboratory

1L 11 R*=8329E-01

y= 8.026E-01e'1~1775'°2>‘ B

1Ol20‘30I4OI50'60
Flow (gpm/ft2)

Figure 8. HydroDome TSS Removal Results (Alden, 2020)
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Figure 9. NJDEP TSS Particle Size Distribution (Alden, 2020)
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Hydroworks uses the Peclet Number to calculate TSS removal based on the independent laboratory
testing. The Peclet number has been used as a dimensionless scaling number for sediment deposition
in lakes (Dhamotharan, et. Al. 1981). Others have suggested its use for scaling of TSS removal results
for hydrodynamic separators (Dhanak, 2008, Gulliver, Guo and Wu, 2008, ASCE, EWRI, NJDEP).

The Peclet number is the ratio of convection (convective settling) to diffusion (turbulence keeping
particles in suspension). The Peclet number (Equation 1) varies with the size of separator, particle size
of TSS, and flow rate. :

Pe=Vshd/Q Equation 1

Where Pe = Peclet number
Vs = settling velocity
h = characteristic dimension
d = characteristic dimension
Q = flow rate

The Peclet number equates to surface area scaling if d and h are assumed to the length and width or
diameter of a separator. A particle will be removed in the separator if the Peclet number is equal to, or
greater than, the Peclet number calculated for removal of that particle based on the independent
laboratory results. Based on the NJDEP PSD in Figure 9, the TSS removal in Figure 8, and the
dimensions of the tested HD 3, critical Peclet Numbers can be calculated for each particle size in
Figure 9 (critical Peclet number is the Peclet Number above which the particle is removed). A critical
Peclet Number curve was then developed and input to the model (Figure 10).

Critical Peclet (NJDEP Testing (Alden, 2020))
020 S I O I O v
0.18 y = -0.0000041x% + 0.0020931x '
R? = 0.9916745 e
0.16 ~ i , ol
[, .14 | . ‘_.~"‘ -
a 04 ’ ‘9 )
E 012 ol
2 .
3 010 ! %
g .
o :
g 008 \ E
5 006
004 | @
002
!
- 20 40 60 80 100
Particle Size {um)

Figure 10. Critical Peclet Number Curve

Northeast Great Dane, Sutton, MA 14



At each timestep the Peclet Number is calculated for every flow and every HydroDome separator for
each particle size in the design particle size distribution. The calculated Peclet Number is then
compared to the Critical Peclet Number to determine if the particle is removed at that timestep or not
(removed if the calculated Peclet Number is greater than the Critical Peclet Number and not removed
if less than the Critical Peclet Number). These calculations are done for the entire rainfall record and
all particle sizes in the distribution to determine an overall TSS removal percentage.

Hydroworks added a Peclet routine to the USEPA SWMM model to determine TSS removal based on
the Peclet number calibrated to the independent laboratory testing completed by Alden Research
Laboratory (regression equation in Figure 10). A compatison of the Alden test data to that predicted
by the Peclet routine is given in Figure 11.

The use of the Peclet Number allows Hydroworks to size the HydroDome based on any particle size
and design storm or local hydrology. The exact same process was done with the HydroStorm testing to
derive a critical Peclet Number curve to size HydroStorm.

NJDEP Test Data vs Peclet Model
|
0% 0 2
: °
®
60% o
f 8
X 50% ’ °
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(%] ‘ [
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20% |
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|
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Figure 11. Comparison of NJDEP Removal Data with Peclet Model
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Sizing Recommendations

TSS Removal

The annual TSS removal results are given in Figures 12 through 14. The sizing indicates the HD 6 is
appropriately sized for HD 1 and the TS 4 is appropriately sized for HD 2 and HD 3 to provide 80%

TSS removal.

Hydroworks Siphon Separator Sizing Program - HydroDome
File Product Units CAD Video Help

Iain lDimensions] Hainfall] Site 1 TSS PSD] T8S Load] Site Slo:a;] Roof Storage‘ By-Pass ] Cuslom] CAD ]#\;ldeo ] Cther ]

Site Parameters 1 —Rainfzll Station

T Units
Area (ac) ] 479 kU.S. Worcester Wso Ap
-

7 r Metric_l 1957 To 2001

Impervicusness (%)

Massachussatts

Rainfall Timestep = 60 min.

Outlet Pipe

Froject Title [Notheast Great Dane HD 1
(2 lines} . -
]Sutlon. MA
Lab Sizing Results T~ Post Treatment Recharge

Diam. (in) l 18 Peak Design Flew (ft3/s) ! ;1
Slope (%) | 281

Nole:-Resultsvarysigniﬁcanﬂy based on particle size distribution

;HydroDomerAnr}urarlr Sizing Results B P e Distribuho
Model # Qlow {t3/6) | Quot {t3/) | Flow Capture (%) | TSS Removal (%) Size1(um) - 5 5355 =
HD3 | 176 176 100% 58% i | s 265
HD4 176 176 100% 68 % 3 5 265
—wps_ | te | 76 ) tor L 7% | 2 5 265
" HWDe__ | 176 | 176 0% 80% | 18 15 265
HD 7 17.6 176 100% 8% 5 10 265
__HD® 17.6 176 100% 87% 70 5 265
HD 10 176 176 100% 92% 0 o | 265 —
HD 12 176 176 100% | 125 15 265
200 15 265 ]

Figure 12. Ndftheaét Great Dane Separétor Sizing Results — HD 1
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Hydroworks Hydrodynamic Separator Sizing Program - HydroStonn
Fle Product Units CaD  Video Help

Nodg e

Maln lDimenslons‘ P.alnfall] Stte l TSS PSD] T5S Loadl Site Storage] Roof Slomge] By—Passl Cus!oml CAD I Video ] Gther l

Site Parameters — Units B Rainfall Station
Arza {ac) 113 WV US. orcester \Wso Ap [Mzssachusetts

Imperviousneas {%) l 27 T MelricJ 1957 To 2001 Rainfall Timestep = 60 min.
Outlet Pipe

Project Tille [Notheast Great Dane HD 2
(2 lines) I Diam. (in) ] 12 Peak Design Flow (ft3/s) I

Sutton, MA
8 % I !
NJDEP Lab Testing Results I~ Post Trzatment Recharge lope (4) ] 428

HydroStorm Annual Sizing Re;ults ! ) i Particle Size Distributio
Model# | Glow ft3/6) | Glot 3/} | Flow Capture () | 7SS Removal (%) 5‘1'37‘“"‘) L - 5‘2365 -
T 3 74 97 % 7A% 8 15 265
- HS4 5 74 99% | 8% | % 10 365
HS 5 & 74 35% a7% 0 5 285
HS 6 F) 74 99 7% 91% 0 10 265
HS 7 11 74 10D % 94% 125 15 365
HS 8 1.5 74 100 % 9% % 500 15 265
HS 10 21 74 100 % 98% 400 y 265
HS 12 28 74 100 % 99% 250 5 265
~
Note: Results vary significantly based on particle size distibulion Simulate _|

Figure 13. Northeast Great Dane Separator Sizing Results — HD 2

Hydroworks Hydrodynamic Separator Sizing Program - HydroStorm

File Produt Units CAD Videc Help

|0 i @ @ X
Main lDimensions] Rairfall | Ste | TSS PSD | TSS Load | Ste Storage | Reof Storage | By-Pass | Custom | CAD | Mideo | Other ]

Site Parameters Units Rainfall Station . —‘
Area (ac) l 87 ¥ US. \sorcester \*fso Ap Massachusetls
Imperiousnsss (%) ’ &5 I~ Metric 1857 To 2001 Rainfall Timestep = 60 min.

Project Title [Northeast Great Dane HD 3 Qutlet Pipe
(2 lines) TR Diam. {in) 1 12 Pesak Design Flow (ft}s) l
an,
S % ] 83
NJDEF Lab Testing Results ™ Post Treatment Recharge ops {4) | 1.83

Pgrticle SrirzerDislributxon ]

Todel # Qlow ft3/s) | Qtot f13/5) | Flow Caplure {#) | TSS Removal (%) 511‘31(""‘) % 5 265 oot
HS3 | & | 48 9% | 73% n 5 265
HS4 | 8 a8 | 100% B0% . 5 ¥
HS 5 1.2 48 100% 86 % 7 5 265
HS 6 14 48 100 % 90 % Ty 15 265
HS57 2 48 100 ':L ?3 % 5 0 265
HS 8 26 48 100 % 34 1 2 5 265

HS 10 38 48 100 % 97% | 30 0 265 —
HS 12 48 4.8 100 % 95% 125 15 265
200 5 | 26 vl

Note: Results vary significantly based on panticle size diskibution

Figure 14. Northeast Great Dane Separator Sizing Results — HD 3
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Local Production

Hydroworks units are made locally by STI Precast in Massachusetts, United Concrete in Connecticut
and Concrete Systems Inc. in New Hampshire. Many of the Hydroworks internal components are
made in Massachusetts. Therefore, the use of HydroDome supports the local New England economy.

Summary
We propose the use of a HydroDome HD 6 separator for HD 1 and a HS 4 separator at HD 2 and HD

3 for the Northeast Great Dane project in Sutton, MA. The proposed HydroDome separators are
propetly sized for TSS removal and treat the MADEQ water quality flow rate.

Northeast Great Dane, Sutton, MA 18
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State of Nefa Jersey

DEPARTMENT OF ENVIRONMENTAL PROTECTION
PHILIF D, MURPHY [IVISION OF WATERSIHED PROTECTION AND RESTORATION SHAWN M., LAFOURETTE

Goverio® Buial of NIPDES STORMYATER PERMITTING & WATER QUALITY MANAGEMENT Cammissioner
P.O. Box 420 BMuil Code 401-02B
SUEILA Y, OLIVER Trenton, New Jorsey (08623-0420
Li. Gewertir HO9-633-7021 § Fax: 609-777-0432
www.nistom‘lwutcr.orﬂ
June 30, 2021
Graham Bryant
President
Hydrowortks, LLC
257 Cox Street
Rosclle, NJ 07203

Re:  MTD Lab Certification
HydroDome {HD} Stormwatcr Separator by Hydroworks, LLC
On-line Installation

TSS Removal Rate 50%
Dear Mr. Bryant:

The Stormvater Management rules under NJLAC. 7:8-5.2f) and 5.2(j) allow the use of manufactured
treatment devices (MTDs) for compliunce with the design and performance standards at NJAC T:8-5if
the pollutant removal rites have been verified by the New Jersey Corporation for Advanced Technology
(NJCAT) and have been cerlified by the New Jersey Pepartiment of Environmental Protection (NIDEP),
Hydroworks, LLC has requested an MTD Laboratory Certification for the HydroDome Stormwater
Separator (IydroDome}.

The project falls under the “Procedure for Obtaining Verification of a Stormwater Manufactured Treatment
Device from New Jersey Corporation for Advance Technology™ dated January 25, 2013, The applicable
protocol is the “New Jersey Luboratory Testing Protocol to Assess Total Suspended Solids Removal by o
Hydtodynamic Sedimentation Manufactired Treatrent Deviee™ dated January 25, 2013.

NICAT verification documents submitted to the NJIDEF indicate that the requirements of the protocol have
been met or exceeded. The NJCAT letter also included a recommended certification TSS removal rate and
The NICAT Verification Report dated May 2021 with the Verification
dix for this device is published online at http: HAwww. mjcat.org/verification-processitechnology-

The NSDEP certifies the use of the HydroDome by Hydroworks, L1.C at a TSS removal vate of 507
when designed, operated and maintained in acenrdance with the information provided in the
Verification Appendix and the following conditions:

Niw Jovsany dv ooy Gognoel Gpportanlly Eogploper
Printed o Recyded Pagper ondf Reeveluble
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6.

The maximum ireatment flow rate (MTFR) for the manufactured treatment device (MTD) is
calculated using the New Jersey Water Quality Design Stovm (1.25 inches in 2 hrs) in N.LA.C, 7:8-
5.5,

‘The HydroDome shall be instatled using the same configuration reviewed by NICAT and shall be
sized in aecordance with the eriteria spoed fied in in item 6 below,

This HydroDome cannot be used in series with another MTD or a media filter (such as a sand
filter), to achieve an enhanced removal rate for total suspended solids (TSS) removal under
N.JA.C. T:8-5.5.

Additional design eriteria for MTDs can be Tound in Chapter 11,3 of the New Jersey Stormwatcr
Best Managemoen Practices (N] Stormwater BMP) Manual which can be found on-ling o
www.njstortnwater.ord.

The maintenance plan for a site using this device shall incorporate, at 2 minimun, the maintenance
requireiments tor the HydroDome, which is attached to this document. 1owever, it iz recommended
to review the maintenance manual at www. hydroworks.comthdm aintenance.pdf for any changes to
the maintenanee requirements.

Sizing Requirements:

The example below demonstrates the sizing procedure for the HydroDome:

Example: A 0.25-acre impervious site is to be treated to 30% TS5 remaoval using a
HydroDome. The impervious site runoft (Q) based on the New Jersey Water

Quality Design Storm was determined to be 0.79 cfs,

Maximum Treatment Flow Rate (MTFR Evaluation:

The site runott () was based on the following:
time of concentration = 10 minutes
{=3.2 in‘hr (page 21, Fig. 5-10 of Chapter 5 of the NJ Stormwater BMIP Manual)
=099 {curve number for imperviows)
Q=GiA=().99.‘-(3.2)&[],25=0.?9 efs

Given the site ronoft'is 0.79 cfs and baged on Table 1 below, the HydroDome Model HD 3 with a
AMTFR of 0.85 cfs weuld be the smallest mode] approved that could be used for this site that could
remove 50% of the TSS trom the imperyious area without exceeding the MTFR.

The sizing table corresponding to the available system models is noted helow, Additional
specifications regarding cach model can be found in the Verification Appendix wnder Table A-1
and Table A-2.

[ g8 3
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Table 1 HydroDome Models

HydroDome Manhole Maximum Treatment
Model Diameter Flowrate, MTFR

{ity {cfs)
HD3 3 085
HD 4 4 1.51
HID 5 8 2.36
11D 6 6 3.40
HD 7 7 4.63
HD & 8 6.03
HD 10 10 9.44
HD 12 12 13.60

Be udvised a detailed maintenance plan is mendatory for any project with a Stormwater BMP subjeet 1o the
Stormwater Management Rules, NJAC. 7:8. The plan must inchude all the items identificd in the

Stormwater Management Rules, N.LA.C, 7:8-5.8. Such items include, but are uot limited to, the list of

inspection and maintenance cquipment and teals, specific corvective and preventative maintenance tasks,
indication of problems in the system, and {raining of maintenance personnel. Additicnal information can
be found in Chapter & Maintenance and Retrofit of Stormwater Management Measures.

If you huve uny questions regarding the above informution, please contaet Lisa Schacfer of my office al
liga,schaclen@dep.nj.gov,

Sincerely,

D). 0

Y { WP fﬂ”[
Al TR Py } )
,(’f,i. AL ‘i UL g,
| :

Gabriel Mahon, Chief

Burcau of NJPDES Stornvwater Permitting & Water Quality Management
Division of Watershed Protection and Restoration

New Jersey Department of Environmental Protection

Attachment: Maintenance Plan

oo Richard Magec, NJCAT

Northeast Great Dane, Sutton, MA
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State of Nefo Jersey

PHILIP D. MURPHY DEPARTMENT OF ENVIRONMENTAL PROTECTION CATHERINE R. MCCABE
Governor Mail Code — 401-02B Acting Commissioner
Division of Water Quality
Bureau of Nonpoint Pollution Control
SHEILA Y. OLIVER P.O. Box 420 — 401 E. State St.
Lt. Governor Trenton, NJ 08625-0420
Phone: (609) 633-7021 / Fax: (609) 777-0432
hitp://www.state.nj.us/dep/dwg/bnpc_home hitm

March 27, 2018

Graham Bryant, M.Sc., P.E.
President

Hydroworks, LLC

136 Central Avenue

Clark, NJ 07066

Re: MTD Lab Certification
HydroStorm Hydrodynamic Separator by Hydroworks, LL.C
Online Installation

TSS Removal Rate 50%
Dear Mr. Bryant:

The Stormwater Management rules under N.J.A.C. 7:8-5.5(b) and 5.7 (c) allow the use of manufactured
treatment devices (MTDs) for compliance with the design and performance standards at N.JA.C. 7:8-5if
the pollutant removal rates have been verified by the New Jersey Corporation for Advanced Technology
(NJCAT) and have been certified by the New Jersey Department of Environmental Protection (NJDEP).
Hydroworks, LLC has requested an MTD Laboratory Certification for the Hydroworks HydroStorm
Hydrodynamic Separator.

The project falls under the «procedure for Obtaining Verification of a Stormwater Manufactured
Treatment Device from New Jersey Corporation for Advance Technology” dated January 25, 2013. The
applicable protocol is the “New Jersey Laboratory Testing Protocol to Assess Total Suspended Solids
Removal by a Hydrodynamic Sedimentation Manufactured Treatment Device” dated January 25, 2013.

NJCAT verification documents submitted to the NIDEP indicate that the requirements of the
aforementioned protocol have been met or exceeded. The NJCAT letter also included a recommended
certification TSS removal rate and the required maintenance plan. The NJCAT Verification Report with
the Verification Appendix (dated February 2018) for this device is published online at
httD://Www.nicat.org/veriﬁcation-process/technolo,qv—veriﬁcation-database.html.

The NJDEP certifies the use of the HydroStorm by Hydroworks, LLC at a TSS removal rate of
50% when designed, operated, and maintained in accordance with the information provided in the
Verification Appendix and the following conditions:

1
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The maximum treatment flow rate (MTFR) for the manufactured treatment device (MTD) is
calculated using the New Jersey Water Quality Design Storm (1.25 inches in 2 hrs) in N.J.A.C.
7:8-5.5.

The HydroStorm shall be installed using the same configuration reviewed by NJCAT and shall be
sized in accordance with the criteria specified in item 6 below.

This HydroStorm cannot be used in series with another MTD or a media filter (such as a sand
filter) to achieve an enhanced removal rate for total suspended solids (TSS) removal under
N.J.A.C. 7:8-5.5.

Additional design criteria for MTDs can be found in Chapter 9.6 of the New Jersey Stormwater
Best Management Practices (NJ Stormwater BMP) Manual, which can be found online at
www.njstormwater.org.

The maintenance plan for a site using this device shall incorporate, at a minimum, the
maintenance requirements for the Hydrostorm. A copy of the maintenance plan is attached to this
certification.  However, it is recommended to review the maintenance website at
hitp://www.hydroworks.com/hydrostormo&m.pdf for any changes to the maintenance
requirements.

Sizing Requirement:
The example below demonstrates the sizing procedure for the Hydrostorm:
Example: A 0.25-acre impervious site is to be treated to 50% TSS removal using a

HydroStorm. The impervious site runoff (Q) based on the New Jersey Water
Quality Design Storm was determined to be 0.79 cfs.

Maximum Treatment Flow Rate (MTEFR) Evaluation:

The site runoff (Q) was based on the following:
time of concentration = 10 minutes
i = 3.2 in/hr (page 5-8, Fig. 5-3 of the NJ Stormwater BMP Manual)
¢ = 0.99 (runoff coefficient for impervious)
Q=ciA=099x32x025=0.79 cfs

_ Given the site runoff is 0.79 cfs and based on Table 1 below, the HydroStorm Model HS4 with a
MTEFR of 0.88 cfs could be used for this site to remove 50% of the TSS from the impervious area
without exceeding the MTFR.

The sizing table corresponding to the available system models is noted below. Additional
specifications regarding each model can be found in the Verification Appendix under Table A-1.



Table 1 HydroStorm Sizing Information

NJDEP 50% TSS
Maximum Hydraulic 50% Maximum
Treatment Treatment Loading Sediment
HydroStorm Flow Rate ., Area Rate Storage
Model (cfs) (ft) (gpm/ft?) )
HS3 0.50 7.1 31.4 3.6
HS4 0.88 12.6 314 6.3
HSS5 1.37 19.6 31.4 9.8
HS6 1.98 28.3 314 14.2
HS7 2.69 38.5 31.4 19.3
HS8 3.52 50.3 314 25.2
HS9 445 63.6 314 31.8
HS10 5.49 78.5 314 393
HS11 6.65 95.0 314 47.5
HS12 7.91 113.0 314 56.5

A detailed maintenance plan is mandatory for any project with a Stormwater BMP subject to the
Stormwater Management Rules, N.J.A.C. 7:8. The plan must include all of the items identified in the
Stormwater Management Rules, N.J.A.C. 7-8-5.8. Such items include, but are not limited to, the list of
inspection. and maintenance equipment and tools, specific corrective and preventative maintenance tasks,
indication of problems in the system, and training of maintenance personnel. Additional information can
be found in Chapter 8: Maintenance and Retrofit of Stormwater Management Measures.

If you have any questions regarding the above information, please contact Brian Salvo or Nick Grotts of
my office at (609) 633-7021.

Sincerely,

ames J-¥Turphy, Chief
Bureau of Nonpoint Pollution Control
Attachment: Maintenance Plan

cc: Chron File
Richard Magee, NJCAT
Vince Mazzei, NJDEP - DLUR
Ravi Patraju, NJDEP - BES
Gabriel Mahon, NJDEP - BNPC
Brian Salvo, NJDEP — BNPC
Nick Grotts, NJDEP — BNPC
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HydroDome Sizing Output
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Hydroworks

Hydroworks Sizing Summary

Northeast Great Dane HD 1
Sutton, MA

12-19-2023

Recommended Size: HydroDome HD 6

A HydroDome HD 6 is recommended to provide 80 % annual TSS removal based on a drainage
area of 4.79 (ac) with an imperviousness of 68 % and Worcester Wso Ap, Massachusetts rainfall for the

NJDEP particle size distribution.

The recommended HydroDome HD 6 treats 100 % of the annual runoff and provides 80 % annual
TSS removal for the Worcester Wso Ap rainfall records and NIDEP particle size distribution.

The HydroDome has a siphon which creates a discontinuity in headloss. Since a peak flow was not
specified, headloss was calculated using the full pipe flow of 17.61 (ft3/s) for the given 18 (in)
pipe diameter at 2.8% slope. The headloss was calculated to be 19 {in) above the crown of the

18 (in) outlet pipe.

This summary report provides the main parameters that were used for sizing. These parameters
are shown on the summary tables and graphs provided in this report.

If you have any questions regarding this sizing summary please do not hesitate to contact
Hydroworks at 888-290-7900 or email us at support@hydroworks.com.

The sizing program Is for sizing purposes only and does not address any site specific parameters such as hydraulic gradeline, tailwater submergence,
groundwater, solls bearing capacity, etc. Headloss calculations are not a hydraulic gradeline calculation since this requires a starting water lavel
and an analysis of the entire system downstream of the HydroDome .
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TSS Removal Sizing Summary
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Rainfall Station - Worcester Wso Ap, Massachusetts(1957 To 2001)
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Dimensions And Capacities
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TSS Buildup And Washoff
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Other Parameters
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Hydroworks

Hydroworks Sizing Summary

Northeast Great Dane HD 2
Sutton, MA

12-19-2023

Recommended Size: HydroStorm HS 4

A HydroStorm HS 4 is recommended to provide 80 % annual TSS removal based on a drainage
area of 1.13 (ac) with an imperviousness of 27 % and Worcester Wso Ap, Massachusetts rainfall for the

NJDEP particle size distribution.

The recommended HydroStorm HS 4 treats 99 % of the annual runoff and provides 81 % annual
TSS removal for the Worcester Wso Ap rainfall records and NJDEP particle size distribution.

{
The HydroStorm has a headloss coefficient (K) of 1.04. Since a peak flow was not
specified, headloss was calculated using the full pipe flow of 7.38 (ft3/s) for the given 12 (in)
pipe diameter at 4.3% slope. The headioss was calculated to be 17 (in) based on a flow
depth of 12 (in) (full pipe flow).

This summary report provides the main parameters that were used for sizing. These parameters
are shown on the summary tables and graphs provided in this report.

If you have any questions regarding this sizing summary please do not hesitate to contact
Hydroworks at 888-290-7900 or email us at support@hydroworks.com.

The sizing program is for slzing purposes only and does not address any site specific parameters suchas hydraulic gradeline, tailwater submergence,
groundwater, soils bearing capacity, etc. Headloss calculations are not a hydraulic gradeline calculation since this requires a starting water level
and an analysis of the entire system downstream of the HydroStorm .
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TSS Removal Sizing Summary
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Rainfall Station - Worcester Wso Ap, Massachusetts(1957 To 2001)

Rainfall Intensity Distribution
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Dimensions And Capacities
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TS Buildup And Washoff
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None

Hydroworks Sizing Program - Version 5.9
Copyright Hydroworks, LLC, 2023

1-800-290-7900
www.hydroworks.com
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HYdYOWOrké

Hydroworks Sizing Summary

Northeast Great Dane HD 3
Sutton, MA

12-19-2023

Recommended Size: HydroStorm HS 4

A HydroStorm HS 4 is recommended to provide 80 % annual TSS removal based on a drainage
area of .67 (ac) with an imperviousness of 65 % and Worcester Wso Ap, Massachusetts rainfall for the
NJIDEP particle size distribution.

The recommended HydroStorm HS 4 treats 100 9 of the annual runoff and provides 80 % annual
TSS removal for the Worcester Wso Ap rainfall records and NIJDEP particle size distribution.

The HydroStorm has a headloss coefficient (K) of 1.04. Since a peak flow was not

specified, headloss was calculated using the full pipe flow of 4.82 (ft3/s) for the given 12 (in)
pipe diameter at 1.8% slope. The headloss was calculated to be 7 (in) based on a flow

depth of 12 (in) (full pipe flow).

This summary report provides the main parameters that were used for sizing. These parameters
are shown on the summary tables and graphs provided in this report.

if you have any questions regarding this sizing summary please do not hesitate to contact
Hydroworks at 888-290-7900 or email us at support@hydroworks.com.

The sizing program Is for sizing purposes only and does nat address any site specific parameters such as hydraulic gradeline, tailwater submergence,
groundwater, solls bearing capacity, etc. Headloss caleulations are not a hydraulic gradeiine calculation since this requires a starting water level
and an analysls of the entire system downstream of the HydroStorm .
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TSS Removal Sizing Summary
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Rainfall Station - Worcester Wso Ap, Massachusetts(1957 To 2001)

Rainfall Intensity Distribution
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Dimensions And Capacities
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TSS Buildup And Washoff
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APPENDIX 4

MADEQ WQF Calculations

Northeast Great Dane, Sutton, MA
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HD 1

State MA
Rain (in) 1
SCS Type I
Area (ac) 4.79
Imp (%) 68
P (in) 1
Rv 0.66
Q (in) 1.00
CN a8
la 0.041
la/P 0.034
tc 0.20
qu 669
WQF (cfs) 3.40

For the State of MA the runoff (Q) is calculated from the impervious area as either 1” or 0.5” over the
impervious area. We have assumed 1” of runoff for this project.

Therefore Q = 17 and IA = 3.257 ac = 0.005089 mi®

For 17 of runoff MADEDP requires that Ia/P be 0.034.

Assuming a time of concentration of 12 min, qu becomes 669

The water quality flow is therefore:

WQF=qu A Q

WQF = 669 x 0.005089 x 1

WQF = 3.4 cfs

Northeast Great Dane, Sutton, MA
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HD 2

State MA
Rain (in) 1
SCS Type ]
Area (ac) 1.13
Imp (%) 27
P (in) 1
Rv 0.41
Q (in) 1.00
CN 98
la 0.041
la/P 0.034
fc: 0.10
qu 774
WQF (cfs) 0.37

For the State of MA the runoff (Q) is calculated from the impervious area as either 1” or 0.5” over the
impervious area. We have assumed 1” of runoff for this project.

Therefore Q = 1”” and IA = 0.305 ac = 0.000477 mi*

For 1” of runoff MADEP requires that Ia/P be 0.034.

Assuming a time of concentration of 6 min, qu becomes 774

The water quality flow is therefore:

WQF=qu A Q

WQF =774 % 0.000477 x 1

WQF =0. 4 cfs

Northeast Great Dane, Sutton, MA
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HD 3

State MA
Rain (in) 1
SCS Type 11
Area (ac) 0.67
Imp (%) 65
P (in) 1
Rv 0.64
Q (in) 1.00
CN 98
ia 0.041
la/P 0.034
tc 0.10
qu 774
WQF (cfs) 0.53

For the State of MA the runoff (Q) is calculated from the impervious area as either 17 or 0.5 over the
impervious area. We have assumed 1> of runoff for this project.

Therefore Q = 1” and IA = 0.436 ac = 0.000680 mi>

For 1” of runoff MADEP requires that Ia/P be 0.034.’

Assuming a time of concentration of 6 min, qu becomes 774

The water quality flow is therefore:

WQF=qu A Q

WQF =774 x 0.000680 x 1

WQF=10.5cfs

Northeast Great Dane, Sutton, MA
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PART IV —- MAPS
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