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1. Introduction

The intention of this study is to analyze the stormwater drainage conditions that will occur as a
result of the proposed retail development situated at the southwest corner of NISH Route 37 and
Northampton Boulevard within the townships of Manchester and Toms River, in Ocean County, New
Jersey. The subject site is more specifically defined as Block 44, T.ots 2, 3, 4, 5 & 9 in the Township of
Manchester, and Block 505, Lots 14 and 15 in the Township of Toms River. Said lots shall be referenced
herein as the Site, and are located on the USGS map and Site Location Map within the Appendix of this
report. The Site consists of approximately 73+/- acres after dedication for off-site roadway improvements
including NJDOT improvements. The Site is bordered to the northeast by NJSH Route 37 and a retail
center with various businesses on the premises, a four-lane divided highway; to the southeast by
Northampton Boulevard; to the southwest by a one-track railroad owned and operated by Conrail; and to

the northwest by residential use.

The proposed development includes one (1) 111,186 SF retail building, three (3) 4,800 SF
restaurants and one (1) 9,322 SF retail building. Additional improvements include parking and circulation
areas, landscaping areas, stormwater management facilities, associated utilities, and related site

improvements.

The scope of this study includes analysis of runoff generated by the proposed buildings,
driveways, paved parking areas, and landscaped areas, as well as an analysis of the resulting stormwater
collection system and the aboveground stormwater management basins as shown on the accompanying

engineering drawings. The following items shall be addressed within this report:

= Narrative of pre- and post-development conditions with calculations to substantiate
derived runoff coefficients and times of concentration.

=  Analysis of pre-and post-development annuai groundwater recharge.

»  Calculations for water quality utilizing the NJDEP 1.25 inch/2-hour water quality design
storm.

»  Stormwater pollutant (TSS) removal.

= Calculations and comparisons of the peak runoff rates for the 2-, 10- and 100-year design
storm events under pre- and post-development conditions.

= Calculations for the proposed aboveground infiltration basin system including inflow and
outflow hydrographs, and a storage volume versus depth table.

= Calculations to substantiate capacity of the proposed stormwater conveyance system.

« SWM Report for Proposed Retail Development, Toms River/Manchester. NI = = Noversber 2017 =
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The primary design constraints for this project are based on the Township of Toms River and
Township of Manchester Land Use Ordinances, the CAFRA Department of the New Jersey Department
.- of Environmental Protection (NJDEP) rules and regulations, and QOcean County design standards, as

follows:

Township of Toms River:

» NIDEP requirements must be met regarding water quantity (peak runoff rate reduction),
water quality (TSS removal), and groundwater recharge.

= For detention facilities, the design frequency shall be a 24-hour storm with return period
not less than 50 years for the tributary area not exceeding 50 acres.

* For retention facilities, the required capacity must be doubled.

Township of Manchester:

*  NIDEP requirements must be met regarding water quantity (peak runoff rate reduction),
water quality (TSS removal), and groundwater recharge.

= Only one half {(0.5) of the area devoted to the detention or retention facilities shall be
considered non-impervious.

»  Retention facilities shall be required to provide one-hundred percent (100%) storage
] capacity for the 50-year storm.

NIDEP — CAFRA (based on NIDEP Stormwater Management Regulations):

» NIDEP requirements must be met regarding water quantity {peak runoff rate reduction),
water quality (TSS removal), and groundwater recharge.

= 100% of infiltration basin bottom area to be considered as impervious area per NJDEP
comment.

NIDOT:
»  Same requirements as NJDEP.

Note: The design of the NJDOT improvements associated with this site improvement will be
prepared by the Project Traffic Engineers.

Ocean County:

s Post-development peak runoff rates for the Site will be reduced to below the pre-
development stormwater runoff rates for the 2-, 10- and 100-year storms.

" Provide water quality.

* SWM Repant Tor Proposed Retail Development, Tomy RiversManchester. NJ « » Naovember 2017 «
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Ocean County Soil Conservation District:

* Post-development peak runoff rates for the site will be reduced to below the pre-
development stormwater runoff rates and will be required to meet the percent reductions
for the 2- and 10-year design storm frequencies of 50% and 25%, respectively.

The stormwater management system proposed on the Site has been designed using the above
requirements. Calculations documenting the design of the stormwater management system as illustrated
on the accompanying engineering drawings prepared by Bohler Engineering are included within the

appendices attached hereto,

2. Pre-Development Conditions

Under existing conditions, the property is primarily wooded with 2 -+/- acres of impervious area

along the Route 37 frontage that is being utilized by a gasoline service station facility.

2.1 Topography
The topography for the majority of the Site can be described as gentle, with slopes in the range of

1 to 5 percent. A few small areas within the cenfer and rear of the property have steeper slopes of

approximately 10 percent.

2.2 Freshwater Wetlands
Existing freshwater wetlands exist along the rear portion of the Site, with associated buffer as

verified by the NJDEP (File No. 1500-04-0001.1, FWW 040001 and recently File No. 1500-04-0001.3
for Lot 9). The proposed development will fill a portion of the wetland buffer; however, additional
wetland buffer will be provided on the same wetland to compensate the wetland buffer taken for the
proposed development. The proposed wetland/buffer disturbance with associated compensation area will

be submitted to NJDEP for approval.

2.3 100-Year Flood Elevation

A portion of the site is within the 100-year floodplain along the south western property line, and a
Stream Encroachment Permit / delineation was obtained from NJDEP (File No. 1500-04-0001.1, FHA
04.0001.1). The proposed development is located at the eastern portion of the property, more than 400
feet (approximately) away from the stream encroachment line. The finished floor elevation (FFE) is set

greater than six (6) feet above the 100-year floed elevation.

» SWM Repost for Proposed Retail Developiment. Tows Riverfilanchester. NJ » Novemler 2017 =
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2.4  Pine Snake Habitat
A portion of the site has been classified as pine snake habitat, and is protected under the proposed

development. More specifically, the current site development plan is limited to a portion of the property

in question, and proposes a greatly reduced footprint of disturbance when compared with the previous

three (3) applications. Based on the current design drawings and several meetings with the NJDEP, it is

our uiderstanding (hat the NJDEP's inlenl Lo protecl and preserve (he pine snake habital is achieved by

the proposed development.

2.5 Drainage
Under existing conditions, the Site is divided into five (5) drainage areas defined as EDA-1,

EDA-2, EDA-3, EDA-4 and EDA-5, more specifically described as follows:

EDA-1 (approximately 19.20 +/- acres) is located along the easterly side of the property and
drains in a north to south direction. The majority of this drainage area is wooded with a very
limited grass area. A portion of Northampton Boulevard is alse included in the drainage area.
The stormwater runoff from EDA-] is tributary to the lower area at the southern corner of the

property and eventually to the drainage ditch located near the southern property corner.

EDA-2 (approximately 3.74 +/- acres) is located along the northeast property line adjacent to
NISH Route 37. The stormwater runoff from EDA-2 is tributary to a local depression.

EDA-3 (approximately 4.85 +/- acres) is located at the northern property line along NJSH
Route 37. The stormwater runoff from this drainage area is tributary to Block 44, Lot 7, of

Manchester Township, and eventually to a stream located at the western side of the property.

EDA-4 (approximately 17.40+/- acres) is located along the southwest property line and
represents the area between the two on-site wetlands where no development is anticipated,
except for portions of the snake barrier requested by the NJDEP. The stormwater runoif from

this area drains in an east to west direction and is tributary to the southwest wetland area and

stream mentioned above.

EDA-5 (approximately 29.30 +/- acres) is located along the western property line and
encompasses a large wooded area with existing wetlands and stream where no development is
anticipated. The stormwater runoff from this area drains in a north to south direction and is

tributary to the southwest wetland area and stream mentioned above.

Per the USGS map, all drainage areas are tributary to the Sunken Branch, a tributary of Wrangle

T3 Brook, and eventually drain into the Toms River bay.

= SWA Repant for Proposed Relail Development, Tems RiversManchester. NJ = = November 2017 =
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2.6 Site Soils
The northeasterly portion of the site along Route 37 is depicted by the Ocean County Soil Survey

as Lakewood sand (LasB). The majority of the southern portion of the site is depicted as Lakehurst sand
(LakB). Per Urban Hydrology for Small Watersheds, both soil series belong to hydrologic soil group
"A". It should be noted that the entire proposed development is within the perimeter of these two soil
series. For the remaining undeveloped portion of the Site, specifically in the area ol the exisling wetlauds,
the Ocean County Soil Survey depicts Atsion sand (AtsA} along the northwestern corner of the property,
and Mullica sandy loam (MumA) at the southern portion of the property. Per Urban Hydrology for Small
Watersheds, the Atsion series belongs to groups "A/D", while the Mullica sandy loam series belongs to

group "D". Additional information on these soil types are contained in the Appendix of this report.

3. Post-Development Conditions

3.1 Post-Development Conditions

3.1.1 Surface Cover / Development:

As previously mentioned, under proposed conditions, one (1) 111,186 SF retail building, three (3)
4,800 SF restaurants and one (1) 9,322 SF retail building together with parking fields, driveways,
landscaped areas, stormwater management facilities, associated utilities and related site improvements
will be constructed. The total proposed land disturbance on site is approximately 27 +/- acres with
approximately 9 /- acres of new impervious area within the project site. A proposed stormwater
conveyance system will collect the runoff from the proposed building and pavement areas, and redirect

the stormwater to the proposed basins.

3.1.2 Drainage:

The stormwater management facilities for the proposed development have been designed to
respect and maintain the natural, existing drainage patterns to the fullest extent possible, and to meet the
govemning agencies' requirements with respect to groundwater recharge, water quality, and peak flow
reductions. Under post-development conditions, five major drainage areas are proposed as depicted on

the accompanying engineering plans, as follows:

*  Drainage Area PDA-1 is further divided into five (5) sub-drainage areas, as follows:
+  PDA-1A — This area encompasses 11.35+/- acres and includes the majority of the front

parking field and with portion of Retail “A” roof area. The stormwater runoff from the
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parking field and the roof area will be collected by a series of inlets and conveyance

pipes, and discharged directly to the aboveground Basin #1.

+ PDA-1B — This area encompasses 5.03+/- acres and includes driveway at the back of the
proposed retail “A”, portion of retail “A” roof area, and portion of the Northampton
Boulevard. The stormwater runoff from these areas will be collected by the proposed
inlets, and discharge directly to the aboveground Basin #2. Any outflow from Basin #2

will discharge to the existing drainage ditch located near the southern property corner.

+ PDA-1C — This area encompasses 0.43+/- acres and includes the area which is not
tributary to proposed Basin #2 due to elevation. The land cover for this area is primarily
grass, and stormwater runoff from this area will travel via overland flow to the existing

ditch located near the southern property corner.

+ PDA-1D - This area encompasses only 0.17+/- acres and includes the area which is not
tributary to proposed Basin #1 due to elevation. The stormwater from this area will travel

via overland flow to the wetland, and eventually to the existing ditch located near the

southern property corner.

+ PDA-1E - This area encompasses 0.20+/- acres and includes a small portion of the
property that is graded to drain towards the right of way and a porfion of the
Northampton Boulevard. The stormwater from this area is not detained, but, eventually

drains to the existing ditch located near the southern property corner.

= Drainage Area PDA-2

+ PDA-2 — This area encompasses 3.77-+/- acres and includes the existing local depression
surrounded by the proposed snake barrier. Stormwater runoff from this area is expected

to drain to this local depression and eventually infiltrate into the ground.

= Drainage Area PDA-3 encompasses 6.84-+/- acres and includes a portion of the proposed
entrance road, proposed restaurant “C” and proposed Basin #3. The stormwater runoff from

this area will drain to proposed Basin #3 and eventually infiltrate into the ground.

= Drainage Area PDA-4 is the same as area EDA-4 under existing conditions, and will remain

undeveloped except for a portion of the snake barrier requested by the NIDEP. The

= SWM Report for Proposed Retail Development, Tems Riversianchester. NJ = November 2017 =
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stormwater runoff from this area is expected to maintain the same characteristics as under

existing conditions.

« Drainage Area PDA-5 is the same as area EDA-5 under existing conditions, and will remain
undeveloped. The stormwater runoff from this area is expected to maintain the same

characteristics as under existing conditions.

3.2 Non-Structural Stormwater Management Facilities

All of the non-structural strategies have been considered in the design of the proposed
development. By protecting the wetlands and associated buffers, land disturbance has been minimized.
No disturbance, including clearing and grubbing, will take place in those areas which encompass over
forty (40) acres of natural wooded area (a portion of which is classified as pine snake habitat by the
NJDEP). An extensive landscaping plan has been incorporated which minimizes the use of lawn,
fertilizers and pesticides. In addition, grass swales are proposed along the site access drive, which will

convey stormwater runoff from portion of the pavement area via curb cut.

3.3  Structural Stormwater Management Facilities
3.3.1 Infiltration / Detention Basin

Proposed Basin #1 is an infiltration/detention basin and comsists of two portions. The
aboveground portion is located to the west of the front parking field and has a six-inch (6") sand layer at
the basin bottom. 'I'he underground portidn include 24 RCP pipes under the front parking area with very
flat slope. It has an outlet structure which discharges to proposed Basin #2. A valve is also proposed

within this overflow structure so that the basin can be drained completely for maintenance purposes.

Proposed Basin #2 is an infiltration/detention basin similar to Basin #1, and has a six-inch (6")

sand layer at the bottom. It has an outlet structure which discharges to the existing drainage ditch via an
existing stormwater pipe located within Northampton Boulevard. A valve is proposed within this outlet

structure as well so the basin can be drained completely for maintenance purposes.

Proposed Basin #3 is aboveground infiltration/detention basin, and similar to Basin #1 and #2, it
has a six-inch (6") sand layer at the basin bottom as weil. The stormwater collected by these basins is

expected to infiltrate into the ground.

= SWM Report for Proposed Retail Development, Toms River/Manchester. NJ = =November 2017 »
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3.4 Soil Erosion and Sediment Control Design

3.4.1 Sediment Basin

Two (2) temporary sediment basins are proposed during construction to prevent the sediment
created during site construction from affecting downstream areas. Calculations for these sediment basins
are included within Appendix B of this report.

Please note that in order to avoid sedimentation which may result in clogging and reduction of
infiltration capacity, and to maintain maximum soil infiltration capacity during the course of consfruction,
the use of heavy equipment will be minimized for the construction of the proposed detention/infiltration

basins. In addition, a two-foot-thick natural soil buffer shall be maintained above the proposed basin

bottom until the entire upstream area has been stabilized.

3.4.2  Other Soil Erosion and Sediment Control Measures

Other standard soil erosion and sediment control measures and BMPs will be employed during
site construction such as silt fences, inlet protection, stabilized construction enfrances, soil stockpiles, jute
matting, temporary diversion berms, etc. These details are also included within the accompanying site

plan set.

4. Methodology

The stormwater management facilities have been designed in accordance with the local, county

and state requirements mentioned above.

4.1 Calculation Software

The calculations included within this report were performed using hydrologic software,
HydroCAD (Version 9.00) by HydroCAD Software Solutions, LLC. The HydroCAD software was used
to develop runoff hydrographs, outlet structure configurations, and basin routings using the SCS TR-20
methodology. Time of concentration calculations for the pre and post-development calculations were
generated utilizing the SCS Method. All storm runoff data for this project were generated using the

DelMarva unit hydrographs.

4.2  Runoff "CN" Values

As described above, soil classifications for use with runoff curve numbers (CN) were taken from

the Ocean County Soil Survey (see Appendix C). Evaluation of these maps indicates that soils within the

* SWM Report for Proposed Retall Development. Toms Riverianchester. N1+ = November 20H 7 =
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proposed disturbed areas consists of hydrologic soil groups A and D as defined within the United State
Soil Conservation Service Manual, “Urban Hydrology for Smaill Watersheds™, v. 1986.

Runoff CN values for the soil groups were assigned to various surfaces as follows:

Soil Group: A D
Ground Cover CN Values:
Wooded Areas (good condition) 30 7
Landscaped/Lawn (good condition) 39 80
Impervious/Building Areas 93 98

Please note, under pre-developed conditions, all pervious areas (dirt path and grass area) are
considered wooded areas in good condition. Under post-development conditions, 100% of the infiltration
basin bottom area is considered as impervious area per NJDEP. Rumoff CN value calculations for pre-
and post-developed conditions were generated using HydroCAD software and are included within the

Appendix of this report.

4.3 Time of Concentration

The time of concentration (Tc) and travel time calculations have been completed in accordance
with Chapter 3 of the SCS Technical Release 55 Manual. As required by NJDEP, the stormwater runoff
from impervious and pervious areas is calculated separately. When Tc for impervious areas is less than
10 minutes, 10 minutes is used. This is true for the Tc used for impervious areas under pre-developed
conditions, and the Tc used for both pervious and impervious areas within the limit of disturbance under
post-development conditions. Please refer to the Existing and Proposed Drainage Area maps for travel

path information for times of concentration other than 10 minutes.

4.4 Pipe Sizing

The majority of the stormwater pipes proposed under the main parking field are part of the
detentjon facility, and the purpose of these pipes is more for storage than for conveyance. However, the
pipe capacity is confirmed for the 100-year storm event to ensure that no ponding will occur on the
pavement surface. In addition, inlet capacity is confirmed to ensure that no more than 4 cfs will be

tributary to any of the proposed inlets, as per the ordinance of Toms River Township.
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4.5 Infiltration Rates

Infiltration rates were based on field tests conducted at the proposed development by Whitestone
Associates, Inc. in the areas of the proposed detention/infiltration basins. Please see the following table
for a summary of permeability rate data used in the design. Basin drain time is estimated for all proposed
basins. For the detention/infiltration basins, a factor of safety of three (3} was used for each tested
permeability rate in conjunction with the Darcy Equation, Q = KIA, as indicated in the New Jersey
Stormwater Best Management Practices Manual. Please note infiltration rate is used for calculating basin
drain down time only, and is not used in the basin routing.” Please refer to Appendix B for basin drain

time calculations.

SPP-1S 4.7 I
SPP-28 9.4 1
SPP-38 >20.0 2
SPP-45 11.8 2
SPP-118 >20.0 3
SPP-14 NT 3

4.6 Seasonal Groundwater

The seasonal high groundwater table was based on field tests conducted at the site by Whitestone
Associates, Inc., in the area of the proposed infiltration basins. A two-foot minimum clearance has been
maintained between the seasonal high groundwater elevation and the bottom of the infiltration basins

(bottom of the 6" sand layer). See summary table below:

T TeiPiE | SHGW || Troposed | Proposed Bism | Separation”
SPP-18 54.1 1 56.4 >2°
SPP-28 544 1 56.4 =2’
SPP-38 49.5 2 51.5 =2’
SPP-45 48.2 2 51.5 >2°

SPP-11S 55.0 3 57.0 =27
SPP-14 55.0 3 57.0 =2°

(*) For infiltration basins, the basin bottom (for calculating the separation to seasonal high

groundwater proposed} is calculated as the bottom of the 6-inch sand Iayer.

= SWiM Repert for Proposed Resait Development, Toms RiversManchester. NJ «

10

= November 2017 «




4.7  Water Quality / TSS Removal

Water quality for the proposed development is achieved by storing and infiltrating the entire
water quality design storm in the proposed detention/infiliration basins #1, #2, and #3. Per the New
Jersey Stormwater Best Management Practices Manual, the adopted TSS removal rate for infiltration
basins is 80%, and the total phosphorous and total nitrogen removal rate for the infiltration basin is 60%
and 30%, respectively. As a resuit, the proposed stormwater managemenl syslem for the proposed

development meets the NJDEP requirement regarding water quality.

4.8 Water Quantity

The quantity reduction for post-construction development as detailed in the NJDEP Stormwater
Management Regulations includes a 50% reduction for the 2-year storm, a 25% reduction for the 10-year

storm and 20% reduction for the 100-year storm per N.J.A.C. 7:8-5.4 (3)(iii}.

The following tables show the comparison between the pre-development and the post-
development stormwater runoff rates for various discharge points and demonstrate that the site design

meets the quantity reduction (peak runoff rate reduction) requirement.

To Existing Prainage Ditch Located Near the Southern Property Corner

Pre-Development vs. Post-Development Peak Flow Rate Comparison

NJDEP EDA-1 VS PDA-1 (PDA-1A + PDA-1B +
PDA-1C + PDA-1D + PDA-1E)

2 YEAR 10 YEAR.

100 YEAR

= SWM Report for Proposed Retail Development, Toms River/Manchester. NJ = = November 2017
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To Existing Local Depression Area

Pre-Development vs. Post-Development Peak Flow Rate Comparison
EDA-2 vs. PDA-2

The local depression under existing conditions is large enough to hold the entire volume of the 100-year
storm. Under proposed conditions, drainage PDA-2 will have similar drainage area as EDA-2 but with
greatly reduced impervious area; therefore, the entire volume of the 100-year storm will be contained in
the local depression as well. As a result, under both the pre- and post-development conditions, there is no
increase in peak stormwater runoff rate in PDA-2 when compared with EDA-2.

To Block 44, Lot 7

Pre-Development vs. Post-Development Flow Rate & Volume Comparison

EDA-3 VS PDA-3
__|2VEAR | 10 YEAR [ 100 YEAR
- 1L Tam '
50% 25%
0.86 2.04 3.74
YES

To Lxisting Stream
EDA-4 vs. PDA-4

Due to the fact that no development is proposed within PDA-4 except a portion of the snake barrier
requested by the NJDEP, the drainage conditions will remain the same. There is no increase in the peak
stormwater runoff rate in PDA-4 when compared with EDA-4.

To Existing Stream
EDA-5 vs. PDA-5

Due to the fact that no development is proposed within PDA-5, the drainage conditions will remain the
same. There is no increase in the peak stormwater runoff rate in PDA-5 when compared with EDA-5.

= SWM Repart for Propused Retail Development, Toms Riverfvlanchesier. Ni « = Movember 2017 =
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4.9 Groundwater Recharge

Per the New Jersey Stormwater Best Management Practices Manual, the proposed development

shall comply with one of the following two groundwater recharge requirements:

Requiremnent 1: That 100 percent of the Site's average annual pre-developed groundwater
recharge volume be maintained after development; or

Requirement 2: That 100 percent of the difference between the Site's pre- and post-development
2-year runoff volumes be infiltrated.
For this development, as illustrated in the calculations, Requirement #1 is met to satisfy the

groundwater recharge requirement. Please refer to the Groundwater Recharge Analysis located in

Appendix B of this repost.

5. Conclusions

In summary, the proposed stormwater management system illustrated on the drawings prepared
by Bohler Engineering meets the requirements set forth by all reviewing jurisdictional agencies and the
NIDEP Stormwater Regulations. Specifically, the design meets water quality, peak runoff rate reduction,
and groundwater recharge requirements. In addition, the development proposes minimal disturbance to
the wetland transition area and provides water quality for the stormwater runoff generated from a portion
of Northampton Boulevard. No encroachment is proposed in the Flood Hazard Area, and it is anticipated
that the pine snake habitat will be protected and preserved in accordance with NJDEP requirements. As a
result, we would anticipate the proposed development will have no negative impact on the existing

stormwater management system in the vicinity of the subject parcel.

G20 TUMI70300AdminReports\Diai) SWM Repost - 2001 7.doe

= SWM Report for Proposed Retail Development, Toms River/Manchester. NJ » » November 2017 =
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A. Pre-Development and Post-Development Hydrographs

* * 2+ »

Water Quality Storm Event
2-Year Storm Event
10-Year Storm Event
100-Year Storm Event



WATER QUALITY STORM EVENT
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Basin #1

Reach A

PDA-1A (lmpra\{ /A (Pervious) PDA-1B (|mpgx /B (Pervious)

Basin #2

PDA-3 (Impervious) . PDA-3 {Pervious)

Basin #3

Brainage Diagram for Ex-Pr
Frepared by Bohler Engineering, Printed 12/4/2017
HydroCADE 9.00 s/n 02612 © 2009 HydroCAD Soltware Solutions LLC
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NJ DEP 2-hr Water Quality Rainfali=1.25"
Printed 12/4/2017
Page 2

Ex-Pr

Prepared by Bohler Engineering
HydroCAD® 8.00 s/n 02612 @ 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment 7S: PDA-1A (Impervious)

1.17 hrs, Volume= 0.794 af, Depth= 1.03"

Runoff 1719 cis @

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervicus/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
NJ DEP 2-hr Water Quality Rainfall=1.25"

Area{ac) CN Description

6.970 98 Paved parking, HSG A

* 2.240 98 Basin Bottom
9,210 98 Weighted Average
9.210 98 100.00% Impervious Area
Tc Length Slope Velocity Capacity Description

{min) {feal) (it/ft)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 7S: PDA-1A (Impervious)
Hydrograph

RRENSE :i%?ifi": Sgedebb il ()
T et NJ-DEPL2 'rWatér Quallty
el f TPl REinfallE1i26T
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g _f LI RunoffDepth=1,03"- -
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Time (hours)
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2009 HydroCAD Scftware Solutions LLC Page 3

Summary for Subcatchment 8S: PDA-1A (Pervious)

Runoff = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Tirme Span= 0.00-72.00 hrs, dt= 0.01 hrs
NJ DEP 2-hr Water Quality Rainfall=1.25"

Areaf{acy CN Description
0.480 30 Woods, Good, HSG A
1.650 39 >75% Grass cover, Good, HSG A
2.140 37  Weighted Average
2.140 37 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min)  (feet) (ft/ft)  (ft'sec) (cfs)
10.0 Direct Entry,

Subcatchment 8S: PDA-1A (Pervious)

Hydrograph
R R R
AR :SEEESNJ,DEPEZhrWatérQ’ li;tyi
B Rainfall=1;25"
3?iEEiE:ESfE.%Ei:;IEZSRU’noffAr‘eéﬁ-?‘MUéé
ool Runoff Volume=0.000 af
g B E;ii“EERunoffDepthOOO"
3 EEEE R Poo it Te=10.0 min
R IR R R RN R ‘EE;,-.,c,Niswo

0 2 4 6 8 10 12 14 15 18 20 22 24 25 25 30 32 34 36 38 40 42 44 45 43 50 52 54 56 58 60 62 64 65 68 70 72
Time (hours)
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Ex-Pr NJ DEP 2-hr Water Quality Rainfali=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 4

Summary for Subcatchment 9S: PDA-1B (Impervious)

Runoff = 6.98cfs@ 1.17 hrs, Volume= 0.322 af, Depth= 1.03"

Runoif by SCS TR-20 methed, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
NJ DEP 2-hr Water Quality Rainfall=1.25"

Area(ac) CN Description
2.840 98 Paved parking, HSG A
* 0.900 98 Basin botiom

3.740 98 Weighted Average
3.740 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 9S: PDA-1B {Impervious)

Hydrograph
e T S L L A T B M
AG: NJDE.PZhrWatEfQ'Uah.ty
o] romitisrer i rrore - Rainfall=1325"
1 il il (Run nbff Area=3,740 ac
A il Runoff Volume=0.322 af
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page §

Summary for Subcatchment 10S; PDA-1B (Pervious)

Runoff = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 methad, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
NJ DEP 2-hr Water Quality Rainfall=1.25"

Area{ac) CN Description
1.290 39  >75% Grass cover, Good, HSG A
1.290 39 100.00% Pervious Area

Tc Length Sldpe Velocity Capacity Description
(min)  (feet) (ftrit)  (ft/sec) (cfs)
i0.0 Direct Entry,

Subcatchment 10S: PDA-1B (Pervious)
Hydrograph

GREEEER IR R R AR R R R R R R R
o NP2 Water Quaity
EEREIRRTREE NS U Rainfali=1,25"
RunoffArea12903c
RunoffVolume—OOOOaf

z 35555’5?5?5'":RunoffDép'thUOO"

s i Te210.0 min

: R e f%ifgf..C.N39/0

0. ,,,//// 2, 7

0 24 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 5O 52 54 56 58 60 62 64 86 68 70 72
Time {hours})
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Sofiware Solutions LLC Page 6

Summary for Subcatchment 16S: PDA-3 (impervious)

Runoff = 553cfs @ 1.17 hrs, Volume= 0.255 af, Depth= 1.03"

Runoff by SC3 TR-20 methoed, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
NJ DEP 2-hr Water Quality Rainfall=1.25"

Areaf{ac) CN Description
2.080 98 Paved parking, HSG A
* 0.900 98 Basin bottom
2,980 98 Weighted Average
2.960 98 100.00% Impervious Area

Tc Length  Slope Velocity Capacity Description
{min) (feet) (ft/fty  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 16S: PDA-3 (Impervious)
Hydrograph

AR R S R
T@ o iiiiiiiiiiiilil i NJDEP2-hr Water Quality
s—.msszissfsswesgffiéifa.aRaihf;al;I# 5"
10 it (Runoff Area=2.960 ac
AU iiiiiiiiii 0 Runoff Volume=0.255 af
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 7

Summary for Subcatchment 17S: PDA-3 (Pervious)

Runoff = 0.00cts@ 0.00 hrs, Volume= 0.000 af, Pepth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
NJ DEP 2-hr Water Quality Rainfall=1.25"

Area(ac) CN Description
2.420 39 >75% Grass cover, Good, HSG A
1.460 30 Woods, Good, HSG A
3.880 36 Weighted Average
3.880 36 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min}) (feet) (ft/ft)  (ft/sec) (cfs)
10.0 _ Direct Entry,

Subcatchment 17S: PDA-3 (Pervious)
Hydrograph

CERREERRER R RN R R R R R R R R
CLlippiriiniiit NG DEP 2-hr Water Quality
Cooiiiiioiiliiioioriiiio o Rainfali=1,25"
D Thoni i E D IRunoff Area=3,880 ac
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 8

Summary for Pond 1P: Basin #1

11.350 ac, 81.15% Impervious, Inflow Depth = 0.84" for Water Quality event

Inflow Area =

Inflow = 17.19cfs @ 1.17 hrs, Volume= 0.794 af

Qufflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min
Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Star-ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs/ 3

Peak Elev= 57.25' @ 3.10 hrs Surf.Area= 99,591 sf Stlorage= 34,588 cf

Plug-Flow detention time= (not calculated: initial storage excedeas outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage  Storage Description
#1 56.90' 432,566 cf Basin #1 (Prismatic)Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store |THE ENTIRE WATER QUALITY STORM
(feet) (sq:ft) (cubic-feet) (cubic-feet) 1|3 INFILTRATED INTO GROUND, 80%
56.90 97,675 0 0 ITss HIEVED.
57.00 98,767 9,822 9822 REMOVAL RATE AC
58.00 102,067 100,417 110,239
59.00 105,401 103,734 213,973
60.00 108,770 107,086 321,059
61.00 114,245 111,508 432,566

Device Routing Invert Outlet Devices

#1  Primary 56.80" 15.0" Round Culvert

L=12.0" RCP, groove end w/headwall, Ke= 0.200
Outlet Invert= 56.68' 3= 0.0100"" Cc=0.200 n=0.013

#2  Device 1 57.30° 2.5" Vert. OrificelGrate C= 0.600
#3  Device 1 60.00" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 60.30' 100.0' long x 10.0" breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.60 ¢.80 1.00 1.20 1.40 1.60
Coef. (English) 2.48 2.56 2.70 2.69 2.68 2.69 2.67 2.64

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=56.90" (Free Discharge)
1=Culvert (Passes 0.00 cfs of 0.04 cfs potential flow)
2=0rifice/Grate { Controls 0.00 cfs)
3=0Orifice/Grate ( Controls 0.00 cfs)

Secondary OutFlow Max=0.00 cfs @ 0.00 hrs HW=56.90"' (Free Discharge)
=Broad-Crested Rectangular Weir{ Controls 0.00 cfs)
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 9

Pond 1P: Basin #1
Hydrograph
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 10

Summary for Pond 2P: Basin #2

Inflow Area = 5.030 ac, 74.35% Impervious, Inflow Depth= 0.77" for Water Quality event
Inflow = 6.98cfs @ 1.17 hrs, Volume= 0.322 af
Qutilow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min
Primary = 0.00cis @ 0.00 hrs, Volume= 0.000 af
Secondary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind metheod, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs/ 3

Peak Elev= 52.35' @ 3.10 hrs Surf Area= 40,292 sf Storage= 14,046 cf

Plug-Flow detention time= (not calculated:; initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage  Storage Description
#1 52.00' 179,275 cf Basin #2 (Prismatic)Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store |THE ENTIRE WATER QUALITY STORM
(feet) (sq-ft) (cubic-feet) (cubic-feet) 1|5 INFILTRATED INTO GROUND, 80%
52.00 38,333 0 0]
£3.00 42052 40,693 40,693 TSS REMOVAL RATE ACHIEVED.
54.00 44 827 43,440 84,132
55.00 47,558 46,193 130,325
56.00 50,343 48,951 179,275

Device Rouiing Invert  Cutlet Devices
#1  Primary 51.00' 15.0" Round Culvert

L=17.0" RCP, groove end projecting, Ke=0.200
Qutlet invert= 50.66' 5= 0.0200"" Cc=0.900 n=0.013

#2  Device 1 52.50' 8.0" Vert. Orifice/Grate C= 0.600
#3  Device 1 54.20' 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 54.60' 35.0"long x 10.0' breadth Broad-Crested Rectangutar 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 2.69 267 2.64

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=52.00" (Free Discharge)
1=Culvert (Passes 0.00 cfs of 3.81 cfs potential flow)
2=0rifice/Grate { Controls 0.00 cfs)
3=0ritice/Grate { Controls 0.00 cfs)

Secondary OutFlow Max=0.00 cfs @ 0.00 hrs HW=52.00" (Free Discharge)
t_4=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Ex-Pr NJ DEP 2-hr Water Quality Rainfall=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 11

Pond 2P: Basin #2
Hydrograph
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NJ DEP 2-hr Water Quality Rainfall=1.25"

Ex-Pr

Prepared by Bohler Engineering Printed 12/4/2017

HydroCAD® 9.00 s/n 02612 @ 2009 HydroCAD Scoftware Solutions LLC Page 12
Summary for Pond 3P: Basin #3

Inflow Area = 6.840 ac, 43.27% Impervious, Inflow Depth= 0.45" for Water Quality event

Inflow = 5.53cfs @ 1.17 hrs, Volume= 0.255 af

Outflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min

Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, di=0.01 hrs /3

Peak Elev=57.77" @ 3.10 hrs Surf Area= 42,966 sf Storage= 11,116 cf

Plug-Flow detention time= (nof calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage  Storage Description
#1 57.50 127,089 cf Custom Stage Data (Prismatic)Listed below (Recaic)

Elevation Surf Area Inc.Store Cum.Store |THE ENTIRE WATER QUALITY STORM
(feet) (sq-fi) (cubic-feet) (cubic-feet) || INFILTRATED INTO GROUND, 80%
57.50 39,005 0 0 VED
28,00 46,307 21,328 21.328 TSS REMOVAL RATE ACHIE .
59.00 53,554 49,931 71,259
60.00 58,107 55,831 127,089

Device Rouling Invert Outlet Devices

#1  Primary 59.30' 35.0'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

Primary QutFlow Max=0.00 cfs @ 0.00 hrs HW=57.50" (Free Discharge)
* _1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Ex-Pr NJ DEP 2-hr Water Quality Rainfali=1.25"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 ® 2009 HydroCAD Software Solutions LLC Page 13

Pond 3P: Basin #3
Hydrograph

D70 it s S R R o it ot O el R - v~
:*::;:::::::! A O Primary
: lnf,low.Area:S .840 ac.
s-f555:’55555555:‘532;EaifPeakEleV-5777"
] Storage-11 116 cf
T EEEEEEEE RS
N EEREESERSESRRREERERREDEREEEER NN
5
s o} [0l e
E‘IEEEII’EIEEIIJEEITIEilil!iil '
= - ;gg&ﬁA§m;*LJerﬁ,g*LwtJ"J_L_F_LJ_J_;_L_L__J___L_Lﬁ_l_;_L-F;_:_i_L_
1.0 T
z—,‘;;::‘;:::,;::::::::; A
E A ;
S B I A I I T A A
,’é‘%
Q’ffﬂﬁWﬂfﬁ% S e

L 00 S

0 é :t 6 B ‘i012 141618202224262830323435384542444648505254565860 6264558870‘?2
Time {hours)

28




- 2-YEAR STORM EVENT
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EDA-1 (Impekious)} EDAA (Pervious) EDA-Z(Imp:nﬁ)\ fz (Penvious) EDA-3 {Impelyious) EDA/3 (Pervious}
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Prainage Diagram for Ex-Pr
Prepared by Bohler Engineering, Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2008 HydreCAD Software Solufions LLC

Reach Pond
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Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 2

Summary for Subcatchment 1S: EDA-1 (Impervious)

Runoff = 1.31cfs @ 12.16 hrs, Volume= 0.157 af, Depth= 3.19"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0,00-72.00 hrs, dt= 0.01 hrs
Type lii 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
0.580 98  Paved roads w/curbs & sewers, HSG A
0.580 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fthit)y  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 1S: EDA~1 (Impervious)
Hydrograph
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20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 66 70 72
Time {hours}
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Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 @ 2009 HydroCAD Software Solutions LLC Page 3

Summary for Subcatchment 2S: EDA-1 (Pervious)

Runoif = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

- Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
| Type lll 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
18.110 30 Woods, Good, HSG A
0.500 30 Woods, Good, HSG A
18.610 30 Weighted Average
18.610 30 100.00% Pervious Area

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

26.5 a0 0.008%8 0.06 Sheet Flow, A-B
Woods:; Light underbrush n=0.400 P2= 3.40"
17.7 1,300 0.0058 1.23 Shallow Concentrated Flow, B-C

Unpaved Kv=16.1fps

44.2 1,380 Total

Subcatchment 2S: EDA-1 (Pervious)

Hydrograph

L E e
CULUETDiii s Type i24-hr 2-Year
| ;v;;,_;zza'Ramfau—sz;z"
i S i oo i Runoff Area=18.610 ac
RunoffVolume-'OOOOaf
g -%EE?&?EE%&K:SW ,.Ru.noffDepthOUO"
g S L FIowLength 1,390"
Tc=442m|n
E ' | ',f'C:?N=,’30./Q

0.00 cfs L {

0- //IIIIW 7 . Z
0 2 4 6 B 10 1214 16 1820 2224 26 2830 3234 36 3840 4244 46 4850 5254 56 5860 62 6466 68?0 72
Time {hours}
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Ex-Pr Tvpe Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 @ 2009 HydroCAD Soitware Solutions LLC Page 4

Summary for Subcatchment 3S: EDA-2 (Impervious)

Runoff = 269cfs @ 12.16 hrs, Volume= 0.321 af, Depth= 3.19"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lil 24-hr 2-Year Rainfall=3.42" '

Area(ac) CN Description
1.210 98 Paved parking, HSG A
1.210 98 100.00% Impervious Area

Tc lLength Slope Velocity Capacity Description
{min)  (feet) (ftfft)  (f/sec) (cfs)
10.0 Direct Entry,

Subcatchment 3S: EDA-2 {Impervious)

A R R R R
Gigdriinionn o Typelll24-hr 2-Year
= :: Loy Rainfall=3.42"

i e Runoff Areast210.a0-
LD RunoffVolume=0,321 af

W la:ll|te|s=||‘(;|-r;-|-zn;!:!:?"
€ l|iiiigii il Runoff Depth=3.19"
3 UL it Te=10.0 min
ir, El!l!i[l;ilfilzll 1151'Tc-r“10.-0mln
EEEE R | SRR
IR HEEEI D S A
SR SRR *
S GEEEEEE j : R S
SRRy 4 U - ‘ S

Time (hours}

33



Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 ® 2009 HydroCAD Software Solutions LLC Page 6

Summary for Subcatchment 4S: EDA-2 (Pervious)

Runoff = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Type Il 24-hr 2-Year Rainfall=3.42"

Area (ac) CN Description

1.880 30 Woods, Good, HSG A
0.550 30  Woods, Good, HSG A

2.530 30 Weighted Average
2.530 30 100.00% Pervious Area

Te Length  Slope Velocity Capacity Description
{min) {feet) (f/fit)  (ft/sec) {cis)

37.3 150 0.0105 0.07 Sheet Flow, A-B
Woods: Light underbrush n= 0.400 P2=3.40"
0.8 138 0.0290 2,74 Shallow Concentrated Flow, B-C

Unpaved Kv=16.1 fps

38.1 288 Total

Subcatchment 45: EDA-2 (Pervious)

1

L RunoffAreaf'? 5:}0 ac
o ;Runoff Volume=0;000 af
Lo Runoff Depth 000"
Flow Length 288'

3 : Tc—381 min

5%  CN=3000

Hydrograph
i ()
it I | [ [ B zsilf::i [ B
I I I Type|1524hr2-Year
P :i;if:i::iRalnfall342"

Flow (cfs}

1
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1
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1
i
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Ex-Pr Type lil 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 6

Summary for Subcatchment 5§S: EDA-3 (Impervious)

Runoff = 1.71cfs @ 12.16 hrs, Volume= 0.204 af, Depth= 3.19"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
0.770 98 Paved roads wicurbs & sewers, HSG A
0.770 98 100.00% Impervicus Area

Tc Length Slope Velocity Capacity Description
{min)  (feet) (ft/ity  (ft/sec) {cfs)
10.0 Direct Enftry,

Subcatchment 5S: EDA-3 (Impervious)

Hydrograph
i?i':f5535555;;5:i?ii%'Wlbé'ZII%Z?i-ihfer-iYﬁeél’f
§:::?i:i:::E;::*:;if:EE;R’ainfal!:=3.:4'2'?
CLLiibioiiiin i Runoff Area=0.770 ac
LiLp D I RUnoffiVolume=0,204 af

§ T T Runoff Depth=3.19"
5 :i;;E§:§§:§§i::::§§i:f§§i'l‘:c%—=10f.0min'
L EN=0/98
SRR AR
-J:,y.|1|=i;1.-z1 : T oo
S~ U S A S S Pl
":11 it 1 i L I e e B LI
2 U SR L
‘ L I :
I 2

G e e i
D 2 4 B 8 10 12 14 16 18 20 22 24 26 28 30 32 34 35 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours})
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Ex-Pr Type il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 ® 2009 HydreCAD Software Solutions LLC Page 7

Summary for Subcatchment 6S: EDA-3 (Pervious)

Runofi = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Ill 24-hr 2-Year Rainfall=3.42"

Area {ac) CN _ Description
2.310 30 Woods, Good, HSG A
1.770 30  Woods, Good, HSG A
4.080 30 Weighted Average
4.080 30 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

{min) __ {feed) (ft'fty  (ft/sec) (cfs)
221 150 0.0390 0.11 Sheet Flow, A-B
Woods: Light underbrush n= 0.400 P2= 3.40"
3.3 224 0.0050 1.14 Shallow Concentrated Flow, B-C

Unpaved Kv= 16.1 fps

25.4 374 Total

Subcatchment 6S: EDA-3 (Pervious)
’ Hydrograph

. fT‘ypf)e lu 24 hr 2 Year
EEREEE Rainfall=3.42"
P Runoff Area=4 080 ac

1 E [ i i i
3 1 3 i 1 i 4 1
: . \

Runoff Volume—O 000 af

g | : S 'Runoff Depth=0.00"
g : Co ; - ;Fiow Length=374'
Te=25.4 min
CN30/0
| 0.00 cfs |

_y e ///Z/// ///////////V//W/,/////////?’/////////”

2 4 5 8 10 ‘%214 16 1820 2224 26 2830 3234 SS 3840 4244 48 4850 5254 55 5860 62 64 66 8870 72
Time (hours)
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Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydreCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 8

Summary for Subcatchment 7S: PDA-1A (Impervious)

Runoff = 2048 cfs @ 12.16 hrs, Volume= 2.446 af, Depth= 3.19"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Hl 24-hr 2-Year Rainfail=3.42"

Area{ac) CN Description
6.970 898 Paved parking, HSG A
* 2.240 98 Basin Bottom
9.210 98 Weighted Average
9.210 88 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min) {feet) (i/fty  (it/sec) {cfs)
10.0 Direct Entry,

Subcatchment 75: PDA-1A (Impervious)

Hydrograph
' B ® v ® B ' L ¥ v : * v il i i H L v 1 © * ¥ i L i 1 1 v g v i
pod | LA T T T T T T ) (e
ok T e T L P A T
204 -i-norere s Type 1lE24-hr 2-Year--
199 D e Al Al = Sl SIS A N 7 1 1
189 - = fepepopebeded-dob-por -Rainfall=3.42".
173 - T e T = P Jt7 vty T & Tkt
6" -o-tore oo Runoff-Aréa=9.210 ac- -
B 1 1 E : t i ¥ 1 1 ) t 1 T ! 1 1 i t

_________________________

i e e RGO Volmies2. 446 AT

TGN

20198

Do e

1

-
e

L] L

Time (hours)
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Ex-Pr Type Ilf 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Pzge 9

Summary for Subcatchment 8S: PDA-1A (Pervious)

Runoff = 0.00cfs @ 24.06 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervicus/imperv,, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type I 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
0.490 30  Woods, Good, HSG A
1.650 38 >75% Grass cover, Good, HSG A
2.140 37 Weighted Average
2.140 37 100.00% Pervious Area

Te Length Slope Velocity Capacily Description
{min) {feet) (f/it)  (ft/sec) {cfs)
10.0 _ Direct Entry,

Subcatchment 85: PDA-1A (Pervious)
Hydrograph

p — — —
: '-'—'-i"—i——!—'f—*"‘P—r""i——i——:——i——,‘—'?—'t—‘.-‘!'—)" e e LR
[ : [ i P : Pt SN HE [ S P H Runoff
[ ) A : (S

: J_d_f._i._}-‘--Typ_e lll 24 hr 2-Year--

[N T e BAE =
EE

i

1 H F R 2 | i ! LI S|

--------- Runoff Depth ooo"'
LR L Te=10.0 min

Flow {cfs)

SRR

NIRRT

_\\\\\

N

\\\\\\\m\-\“‘.‘.____

\\\

dé4sawmMmmmﬁ%%ﬁﬁumwmmu@mwmﬂﬂ%wmwmwmmn
Time (hours)
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Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 10

Summary for Subcatchment 9S: PDA-1B (Impervious)

Runoff = 832c¢is @ 12.16 hrs, Volume= 0.993 af, Depth= 3.18"

Runoff by SCS TR-20 method, UH=Delmarva, Spiit Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lll 24-hr 2-Year Rainfall=3.42"

Area (ac}) CN Description
2.840 98 Paved parking, HSG A
* 0.900 98 Basin bottom
3.740 98 Weighted Average
3.740 98 100.00% Impervious Area

T¢ Length Slope Velocity Capacity Description
{min) {feet) (f/ft)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 9S: PDA-1B (Impervious)

R IR AR REEETIaaE
JOHE o menzenrmver
A Db o Rainfall=30421
[lirii b iliii o Runoff Areas3.740 ac
Vg i RunoffVolume=0,993 af
§ o[ T T Runoff Depth=3.49"
Z --I——I——i-—:--—f—-i—-!--!--:--f-%-I—-Z—-:—-f--i—-i-—i-%~f——i—-§~-§--§-—i A O (O e
| e Te=10.0 min
SR eN=0108
RN TERERRREE i RERNE
N R R s T '!"""i"" TTETITT T TSTT T - - L = bl S S e 2 T
2' s | g% 1 P H 1 i i ] ' [ +
7 T ¢ // t T i PR i1 -
*AERENY . SURRE | :' BEEN
1/ '
R O O D AU M A PG o g e i g

Time {hours}
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Ex-Pr Type it 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Sofiware Solutions LLC Paae 11

Summary for Subcatchment 10S: PDA-1B (Pervious)

Runoff = 0.00cfs @ 23.40 hrs, Volume= 0.001 af, Depth= 0.01"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type il 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
1.290 39 >75% Grass cover, Good, HSG A
1.290 39 100.00% Pervious Area

Te Length Slope Velocity Capacity Description
(min} (feet) (ft/ft)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 10S: PDA-1B (Pervious)

......

Hydrograph

oo L Typei 24 2ear

0001 """" Rainfall 342"“'

0.00175 ‘_‘f:_x;___(RUHHOﬁ: A!:EQ"'] 290. q(_::_ |
| ] Runoff Volume=0.001 af
S oot ;;'““'”:“éi‘5“'“5”_1R.U’!‘T;0if Depth=0.01""
& oonf L 62100 min

000t Liiiiil i CN=39/0

8000 it b

KUSERNENEY BN TESUREES SR

0 2 4 B 8 10 12 14 16 1B 202224 25283032 343638 40424445 485052 54565860.62646668 7072
Time (hours)
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Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 12

Summary for Subcatchment 115: PDA-1C

Runoff = 0.00cfs @ 23.40 hrs, Volume= 0.000 af, Depth= 0.01"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervicus/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type I} 24-hr 2-Year Rainfall=3.42"

Area{ac) CN Description
0.430 39 >75% Grass cover, Good, HSG A
0.430 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) {ft/ft)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 11S: PDA-1C
Hydrograph

T T & Y Fa—
£ L....L.“!-,..l-_l..".‘.J.-L...i.. e e o T e

L R S T L T T T T T S R T RS S B E{ Hunoff
H i l""E'T‘T"_'1“'|'"'“"‘1““;’“"'“1"‘"5*]"*?“,‘"‘

{VURE R SR SRS SRR R JUR R SR VR WUOY SRt R U S S

1 E

o:ooo?,". b _h::: ";:" -4 :"" Gt “““““ T Yﬁe: |" 24 hl' 2-Year

R T R I

1 g

e B RN B """:'"ii;ﬁ;"IIZZiZ:ZiI'Réimfa!l“&AZl'ji
v | T g T Runoff Area=0.430 ag-

b b k3 i 3 !

0o00d | Z:i::ZZs:E:::;;::i‘\i:ﬁriiifi‘“Véiiiﬁiél-"O'Dﬁﬁ'éf"

Flow {cfs)
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Time (hours)
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Ex-Pr Type ilf 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® $.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 13

Summary for Subcatchment 12S: PDA-1D

Runoff = 0.00cfs @ 23.40 hrs, Volume= 0.000 af, Pepth= 0.01"

Runoif by SCS TR-20 method, UH=Delmarva, Split Pervicus/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.42"

Area (ac) CN Description
0.170 39 >75% Grass cover, Good, HSG A
0.170 39 100.00% Pervious Area

Te Length Slope Velocity Capacity Description
{min) (feet) (ft/it)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 125: PDA-1D

Hydrograph
oo 4TI I LI T TN (e
ooy | LTI L Type i 24k 5 Vear
cood | E T e T RainfallE 3420
o B I it Runoff Area=0.170 ac
ot § RO ::WI%{'_!S{'TY?! P{'I!‘?:?_ 99_9 ?._f g

i [ i £

Flow (cfs)
o
[w]
[=]
Q
.

0 2 4 6 B 1012 14 16 18 20 22 24 26 23 30 32 34 36 35 40 42 44 46 48.50>52 54 55 58 BC 62 64 66 68 70 72
Time {(hours)
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Ex-Pr Type lll 24-hr 2-Year Rainfalf=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 14

Summary for Subcatchment 13S: PDA-1E (Impervious)

Runoff = 0.13cfls @ 12.16 hrs, Volume= 0.018 af, Depth= 3.19"

Runoff by SCS TR-20 meihod, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type HI 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
0.060 98 Roofs, HSG A
0.060 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min)  (feet) {ft/ft)  (it/sec) {cfs)
10.0 Direct Entry,

Subcatchment 13S: PDA-1E (Impervious)
Hydrograph

T T T 1 i H B 3 ¥ { i £ 1 g
[ T e L T T T T
JE S PR U U (I NI SIS S S QU R QS T R U g El Runoff
b 1 t H 1
b i
T T mm T T T T T T i e T T Ryl i T -

1 © - Type lll 24-hr 2-Year

I
ol Runoff Areas0.060 ac-
LT Runoff Volume=0,016 af-

R L e

Soosd | 111 _i s Runoff Depth=8.419"
E P ok T T T [ T T T T T R R R N I I s T
CRalf ¥ A ~:~ Lk Te=10.0 min -
oosf | il L AR08
005 CUi e 'CN=0/98
ooed | SRREAT e uh i o s o A o B o NS AR e
HEEREN & 3 SRR

N

O e T R e e
02 4 B 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)
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Ex-Pr Type Ill 24-hr 2-Year Rainfaif=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 15

Summary for Subcatchment 14S: PDA-1E (Pervious)

Runoff = 0.00cfs @ 23.40 hrs, Volume= 0.000 af, Depth= 0.01"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type I} 24-hr 2-Year Rainfall=3.42"

Area (ac) CN  Description
0.140 39 >75% Grass cover, Good, HSG A
0.140 39  100.00% Pervious Area

Tc Length  Slope Velocity Capacity Description
{min}  (feet) (f/ft)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 14S: PDA-1E (Pervious)
Hydrograph

T+ O 3 i [ P [ i
L T L L T T
el e e e T T"‘“x"'i"t"‘““f"f‘“’\—" El Runoff
[ N D [
5

—-:-A—TYPIGE [l 24-hi 2-Year- -

xxxxx

"""""""""" Ramfal!-—-3 42""

T
|
S e e e e e g — e e mp = e
i
I

Runoff Area-O 140 ac
: ‘":Runoff Volume'-O O(J(J af-:

Flow (cfs)

D 2 4 6 8 10 1214 1515 202224 26283032 343638 40424446485052 54555850 62646668 7072
Time {hours)
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Ex-Pr Type Hll 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 16

Summary for Subcatchment 156S: PDA-2 (Pervious)

Runoff = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type ill 24-hr 2-Year Rainfall=3.42"

Area{ac} CN Description
3.120 30 Woods, Good, HSG A
0.650 39 >75% Grass cover, Good, HSG A
3.770 32 Weighted Average
3.770 32 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

{min)  {feet) (ftfit)  (fi/sec) (cfs)
12.9 97 0.0820 0.13 Sheet Flow, A-B
Woods: Light underbrush n= 0400 P2= 3.40"
6.6 820 0.0096 1.58 Shallow Concentrated Flow, B-C

Unpaved Kv=16.1 fps

19.5 717 Total

Subcatchment 15S: PDA-2 (Pervious)
Hydrograph '
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: LR S|
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o e
R A Runoiff
[ l T
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LU Type llli24-hr 2-Year
- 5 "} || Rainfall=3.42"
. Runoff Area=3.770 ac
Runoff Volume—O 000 af

i
1 B
1 H
1
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1
1
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H
t
'
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1
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1
1

g I 5 : Runoff Depth 0.00"
E EERREEEEE. L f Flow Length=717'
N 51 Tc—195mm
L SR P CN 32/0
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Time (hours})
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Ex-Pr Type il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 17

Summary for Subcatchment 16S: PDA-3 (Impervious}

Runoff = 6.58cfs @ 12.16 hrs, Volume= 0.786 af, Depth= 3.19"

Runoif by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt=0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
2.080 98 Paved parking, HSG A
* 0.900 98 Basin bottom
2,960 98 Weighted Average
2960 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feetf) (ft/ft)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 165: PDA-3 (Impervious)

Hydrograph

[ B Typeln2abreYear

" §i?5i:fiii;i:i3f}1i::iRainfa"=’=3.;42'?

ST i% e Runoff Area=2.9607ac

||l gliiiiii il Runoff.Volume=0.786 af
@& g e |~ R T P '.'“"-";"'-"':"
A I I {é vy Runoff Depth=3.19"
& e e Te=10:0-min -

AEEEEE TEREEEEEEEEEEE R, CN=0/98

R R SRR CEIEET S EL DEPEEE RIS
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" ¥y Gl = ;
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Time (hours)
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Ex-Pr Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 18

Summary for Subcatchment 17S: PDA-3 (Pervious)

Runoff = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Depth= 0.00"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lll 24-hr 2-Year Rainfall=3.42"

Area(ac) CN Description
2.420 39 >75% Grass cover, Good, HSG A
1.460 30 Woods, Good, HSG A
3.880 36 Weighted Average
3.880 36 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) {ieet) (ft/ft)  (it/sec) {cfs)
10.0 Direct Entry,

Subcatchment 17S: PDA-3 (Pervious)

Hydrograph
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UL Runoff Areas3.880 ac
LD Rinoff Volume=0.000 af
g Copi o biirannnt e Runoff:Depth=0.00"
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Ex-Pr Type HI 24-hr 2-Year Rainfali=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 18

Summary for Pond 1P: Basin #1

Inflow Area = 11.350 ac, 81.15% Impervious, Inflow Depth = 2.569" for 2-Year event

Inflow = 2048 cfs @ 12.16 hrs, Volume= 2.448 af

Qutflow = 0.12cfs @ 24.24 hrs, Volume= 0.525 af, Atten= 99%, Lag=724.9 min
Primary = 0.12cfs @ 24.24 hrs, Volume= 0.525 af

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs/ 3
Peak Elev= 57.92' @ 24.24 hrs Surf.Area= 101,797 sf Storage= 101,890 cf

Plug-Flow detention time= 1,963.1 min calculated for 0.525 af (21% of inflow)
Center-of-Mass det. time= 1,727.1 min ( 2,491.9-764.8 )

Volume Invert Avail.Storage  Storage Description
#1 56.90' 432,566 cf Basin #1 (Prismatic)Listed below (Recalc)
Elevation Surf.Ares Inc.Store Cum.Store
(feet) {sg-ft) {cubic-feet) {cubic-feet)
56.90 97 675 0 0
57.00 08,767 9,822 9,822
58.00 102,067 100,417 110,239
59.00 105,401 103,734 213,973
60.00 108,770 107,086 321,069
61.00 114,245 111,508 432 566
Device Routing Invert  Qutlet Devices
#  Primary 56.80' 15.0" Round Culvert

L=12.0' RCP, groove end w/headwall, Ke= 0.200
Outlet Inveri= 56.68' S=0.0100"" Cc=0.800 n=0.013

#2  Device 1 57.30" 2.5" Vert. Orifice/Grate C= 0.600
#3  Device 1 60.00" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 60.30' 100.0' 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

Primary OutFlow Max=0.12 cfs @ 24.24 hrs HW=57.92' TW=52.82' (Dynamic Tailwater)
t _1=Culvert (Passes 0.12 cfs of 3.72 cfs potential flow)

2=0rifice/Grate (Orifice Controls 0.12 cfs @ 3.45 fps)

3=0rifice/Grate { Controls 0.00 cfs)

Secondary OutFlow Max=0.00 cfs @ 0.00 hrs HW=56.90' TW=0.00' (Dynamic Tailwater)
t_4=Broad-Crested Rectangular Weir { Controls 0.00 cfs)
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Ex-Pr Type Il 24-hr 2-Year Rainfali=3.42"
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Summary for Pond 2P: Basin #2

Inflow Area = 16.380 ac, 79.06% Impervious, Inflow Depth > 1.11" for 2-Year event

Inflow = 8.32cfs @ 12.16 hrs, Volume= 1.519 af

Qutflow = 0.40cfs @ 16.86 hrs, Volume= 0.898 af, Atften= 95%, Lag= 282.4 min
Primary = 0.40cfs @ 16.86 hrs, Volume= 0.898 af

Secondary = 0.00cfs@ 0.00 hrs, Volume= 0.000 &f

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs/ 3
Peak Elev=52.87"' @ 16.86 hrs Surf.Area= 41,686 sf Storage= 35,057 cf

Plug-Flow detenticn time= 1,353.2 min calculated for 0.898 af (59% of inflow)
Center-of-Mass det. time= 703.3 min { 2,065.3 - 1,362.0 )

Volume Invert Avail.Storage  Storage Description
#1 52.00° 179,275 cf Basin #2 (Prismatic)Listed below (Recalg)
Elevation Surf.Area Inc.Store Cum.Store
(feet) {sg-it) (cubic-feet) (cubic-feet)
52.00 39,333 0 0
53.00 42 052 40,693 40,693
54.00 44 827 43,440 84,132
55.00 47,558 46,193 130,325
56.00 50,343 48,951 179,275
Davice Routing Invert Qutlet Devices
#1  Primary 51.00" 15.0" Round Culvert

L=17.0" RCP, groove end projecting, Ke= 0.200
Outlet Invert= 50.66' S=0.0200"" Cc=0.800 n=0.013

#2 Device1 52.50' 8.0" Vert. Orifice/Grate C=0.600
#3 Device 1 54.20" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 54.60" 35.0'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

Primary QutFlow Max=0.40 cfs @ 16.86 hrs HW=52.87" TW=0.00' (Dynamic Tailwater)
1=Culvert (Passes 0.40 cfs of 7.62 cfs potential flow)
2=0rifice/Grate {Orifice Controls 0.40 cfs @ 2.06 fps)
3=0rifice/Grate { Controls 0.00 cfs)

Secondary OutFlow Max=0.00 cis @ 0.00 hrs HW=52.00' TW=0.00" (Dynamic Tailwater)
=Broad-Crested Rectangular Weir{ Controls 0.00 cfs)

50



Ex-Pr
Prepared by Bohler Engineering
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Type i 24-hr 2-Year Rainfall=3.42"
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Pond 2P: Basin #2
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Summary for Pond 3P: Basin #3

Inflow Area = 6.840 ac, 43.27% impervious, Inflow Depth = 1.38" for 2-Year event

Inflow = 6.58cfls @ 12.16 hrs, Volume= 0.786 af

Qutflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 100%, Lag= 0.0 min

Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, di=0.01 hrs/ 3
Peak Elev=58.27 @ 25.10 hrs Surf.Area= 48,286 sf Storage= 34,241 cf

Plug-Flow detention time= {not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage  Storage Description
#1 57.50' 127,089 cf Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feet) {sqg-ft) {cubic-feet) (cubic-feet)
57.50 39,005 0 0
58.00 46,307 21,328 21,328
58.00 53,554 49,931 71,259
60.00 58,107 55,831 127,089
Device Routing Invert  Outlet Devices
#1  Primary 59.30' 35.0'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

Primary OutFlow Max=0.00 c¢fs @ 0.00 hrs HW=57.50' TW=0.00' {Dynamic Tailwater)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Type Il 24-hr 2-Year Rainfall=3.42"
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Summary for Pond E-LD: Local Depression

Inflow Area = 3.740 ac, 32.35% Impervious, Inflow Depth= 1.03" for 2-Year event

Inflow = 269cfs @ 12.16 hrs, Volume= 0.321 af

Qutflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 1060%, Lag= 0.0 min

Primary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hs, dt= 0.01 hrs /3
Peak Elev=586.99' @ 25.10 hrs Surf.Area= 16,940 sf Storage= 13,997 cf

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= {not calculated: no outflow)

Volume Invert Avail.Storage  Sforage Desciiption
#1 55.00' 77,509 cf Custom Stage Data (Irregular)Listed below (Recalc)
Elevation Surf Area Perim. Inc.Store Cum.Store Wet Area
(feet) (sg-fi) {feet) {cubic-feet) (cubic-feet) (sg-it)
55.00 305 82.0 0 0 305
56.00 6,603 306.0 2,776 2,776 7,224
57.00 17,113 481.0 11,449 14,224 18,191
58.00 29,890 633.0 23,207 37,431 32,284
59.00 51,218 900.0 40,078 77.509 64,258
Device Routing Invert  Outlet Devices
#1  Primary £8.79" 50.0'long x 10.0" breadth Broad-Crested Rectangular Weir

Head (feef) 0.20 0.40 0.60 (.80 1.00 1,20 1.40 1.60
Coef. (English) 2.48 256 2.70 2.68 2.68 2.68 2.67 2.64

Primary OutFlow Max=0.00 ¢fs @ 0.00 hrs HW=55.00' TW=0.00' {Dynamic Tailwater)
1=Broad-Crested Rectangular Weir ( Confrols 0.00 cfs)
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Pond E-LD: Local Depression

Hydrograph
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Summary for Pond P-LD: PDA-2A (Local Depression)

Inflow Area = 3.770 ac, 0.00% impervious, Inflow Depth = 0.00" for 2-Year event

Inflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Qutflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Primary = 000cfs @ 0.00hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Spanm'0.00-72.00 hrs, dt=0.01 hrs /3
Peak Elev= 55.00' @ 0.00 hrs Surf.Area= 305 sf Storage= 0 cf

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no inflow)

Volume Invert Avail Storage  Storage Descripfion
#1 55.00' 74,341 cf Custom Stage Data (Irregular)Listed below (Recalc)
Elevation Surf.Area Perim. Inc.Store Cum.Store Wet Area
{feetl) {sg-ft) (feet) {cubic-feet) {cubic-feet) {sg-fi)
55.00 3058 82.0 0 - 0 305
56.00 6,601 306.0 2,775 2,775 7,224
57.00 17,096 481.0 11,440 14,215 18,191
58.00 29,8886 639.0 23,195 37,410 32,284
59.00 44 455 776.0 36,930 74,341 47,727
Device Routing Invert Quilet Devices
#1  Primary 58.79'" 50.0'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

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=55.00" TW=0.00" (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir{ Controls 0.00 ¢fs)
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Summary for Link 1L: Emergency Spillway

0.00cfs @ 0.00 hrs, Volume= 0.000 af

Inflow
0.00cfts @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Primary

1

Primary ouiflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Link 1L: Emergency Spillway
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: Emergency Spillway

Summary for Link 2L

0.000 af
0.000 af, Atten= 0%, Lag= 0.0 min

0.00 hrs, Volume

0.00cfs @ 0.00 hrs, Voiume

0.00 cfs @

I H

Inflow
Primary

= Inflow, Time Span= 0.00-72.00 hrs, dt=0.01 hrs

Primary outflow

Emergency Spillway

Link 2L

Inflow
Primary

(syo) moj4

lllllllllllllllll P

0.00 cfs bz
0

8 10 12 14 15 18 20 22 24 25 58 30 32 34 36 38 A0 42 44 45 4B 50 52 54 55 58 60 62 64 66 66 70 72

i
TOT IR Tt

o

t [N
2 486

Time (hours)

59



Ex-Pr Type il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 31

Summary for Link L-E1: EDA-1
Inflow Area = 19.200 ac, 3.07% Impervious, Inflow Depth = 0.10" for 2-Year event
Inflow = 1.31cfs @ 12.16 hrs, Volumes= 0.157 af
Primary = 1.31cfls @ 12.16 hrs, Volume= 0.157 af, Atten= 0%, Lag= 0.0 min
. Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt=0.01 hrs

Link L-E1: EDA-1
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Summary for Link L-E2: EDA-2

3.740 ac, 32.35% Iimpervious, Inflow Depth = 0.00" for 2-Year event
0.00cfs @ 0.00 hrs, Volume= 0.000 af
0.00cis @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Inflow Area
Inflow
Primary

I n M

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Link L-E2: EDA-2
Hydrograph
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Ex-Pr Type lif 24-hr 2-Year Rainfall=3.42"
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Summary for Link L-E3: EDA-3
inflow Area = 4,850 ac, 15.88% Impervious, Inflow Depth = 0.51" for 2-Year event
Inflow = 1.71c¢fs @ 12.16 hrs, Volume= 0.204 af
Primary = 1.71cfs @ 12.16 hrs, Volume= 0.204 af, Atten= 0%, lLag= 0.0 min
Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Link L-E3: EDA-3

Hydrograph
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Ex-Pr Type I 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/in 02612 © 2009 HydroCAD Software Solutions LLC Page 34

Summary for Link L-P1: PDA-1

Inflow Area = 17.180 ac, 75.73% Impervious, Inflow Depth > 0.64" for 2-Year event
Inflow 0.41cfs @ 16.76 hrs, Volume= 0.914 af
Primary = 041cfls @ 16.76 hrs, Volume= 0.914 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link L-P1: PDA-1

Hydrograp
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Ex-Pr Type ll 24-hr 2-Year Rainfal{=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 35

Summary for Link L-P2: PDA-2

Inflow Area = 3.770 ac, 0.00% Impervious, Inflow Depth = 0.00" for 2-Year event
Inflow = 0.00cts @ 0.00hrs, Volume= 0.000 af
Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, d{= 0.01 hrs

Link L-P2: PDA-2
Hydrograph
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Ex-Pr Type llf 24-hr 2-Year Rainfali=3.42"

Prepared by Bohler Engineering Printed 12/4/2017
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Summary for Link L-P3: PDA-3

Inflow Arga = 6.840 ac, 43.27% Impervious, Inflow Depth= 0.00" for 2-Year event
inflow 0.00cfs@ 0.00 hrs, Volume= 0.000 af
Primary 0.00cis @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag=0.0 min

ol

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Link L-P3: PDA-3
Hydrograph
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10-YEAR STORM EVENT
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Ex-Pr : Type Il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 2

Summary for Subcatchment 15: EDA-1 (Impervious)

Runoff = 2.09cfs @ 12.15 hrs, Volume= 0.254 af, Depth= 5.18"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type lll 24-hr 10-Year Rainfall=5.40"

Areaf{ac) CN Description
0.590 98 Paved roads w/curbs & sewers, HSG A
0.580 98 100.00% Impervious Area

Te Length Slope Velocity Capacity Description
{min}  (feet) (ft/ft)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 1S: EDA-1 (Impervious)
Hydrograph
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Ex-Pr : Type il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 3

Summary for Subcatchment 2S: EDA-1 (Pervious}

Runoff = 0.06 cfs @ 22.59 hrs, Volume= 0.035 af, Depth= 0.02"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type I} 24-hr 10-Year Rainfall=5.40"

Area(ac) CN Description
18.110 30 Woods, Good, HSG A
0.500 30 Woods, Good, HSG A
18.610 30 Weighted Average
18.610 30 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

{min) (feet) (ft/it)  (ft/sec) (cfs)
26.5 80 0.0088 0.06 Sheet Flow, A-B
_ Woods: Light underbrush n=0.400 P2=3.40"
17.7 1,300 0.0058 1.23 Shallow Concentrated Flow, B-C

Unpaved IKv=16.1 fps

442 1,390 Total

Subcatchment 25: EDA-1 (Pervious)

Hydrograph
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Ex-Pr Type llf 24-hr 10-Year Rainfali=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Scfiware Solutions LLC Page 4

Summary for Subcatchment 3S: EDA-2 (Impervious)

Runoff = 428¢fs @ 12.15 hrs, Volume= 0.521 af, Depth= 5.16"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=5.40"

Area{ac) CN Description
1.210 88 Paved parking, HSG A
1.210 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min} _ {feet) {fi/ity _ (ft/sec) {cfs)

10.0

Direct Entry,

Subcatchment 3S: EDA-2 (Impervious)
Hydrograph
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Ex-Pr Type il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Enginesring Printed 12/4/2017
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Summary for Subcatchment 4S: EDA-2 (Pervious)

Runoff = 0.01cfs @ 22.44 hrs, Volume= 0,005 af, Depth= 0.02"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=5.40"

Area{ac) CN Description
1.980 30 Woods, Good, HSG A
0.550 30  Woods, Good, HSG A
2,530 30 Weighted Average
2.530 30 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

(min) __ (feet) (firff)  (fifsec) (cfs)
37.3 150 0.0105 0.07 Sheet Flow, A-B
Woods: Light underbrush n= 0400 P2= 3.4Q"
0.8 138 0.0290 2.74 Shallow Concentrated Flow, B-C

Unpaved Kv= 186.1 fps

381 288 Total

Subcatchment 4S: EDA-2 (Pervious)

Hydrograph
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Ex-Pr Type i 24-hr 10-Year Rainfali=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydreCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 6

Summary for Subcatchment 5S3: EDA-3 {Impervious)

Runoff = 272cfs @ 12.15 hrs, Volume= 0.331 af, Depth= 5.16"

Runoff by 8CS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Nl 24-hr 10-Year Rainfall=5.40"

Area (ac} CN Description
0.770 98 Paved roads wicurbs & sewers, HSG A
0.770 88 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min)  (feet) (ft'ft)  (fi/sec) (cfs)
10.0 ' Direct Entry,

Subcatchment 58: EDA-3 (Impervious)
Hydrograph
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Ex-Pr Type iif 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
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Summary for Subcatchment 6S: EDA-3 {Pervious)

Runoff = 0.01cfs @ 22.12 hrs, Volume= 0.008 af, Depth= 0.02"

Runcif by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lll 24-hr 10-Year Rainfall=5.40"

Area(ac) CN Description
2.310 30 Woods, Good, HSG A
1.770 30 Woods, Good, HSG A

4.080 30 Weighted Average
4.080 30 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

(min)  (feet) {f/) _ (ft/sec) (cfs)
22.1 150 0.0390 0.11 Sheet Flow, A-B
Woods: Light underbrush n= 0.400 P2= 3.40"
3.3 224 0.0050 1.14 Shallow Concentrated Flow, B-C

Unpaved Kv= 16.1 fps

25.4 374 Total

Subcatchment 65: EDA-3 (Pervious)

Hydrograph
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Ex-Pr
Prepared by Bohler Engineering

Type lil 24-hr 10-Year Rainfall=5.40"

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Printed 12/4/2017

Page 8

Runoff

Summary for Subcatchment 7S: PDA-1A (Impervious)

= 32.59cfs @ 12.15 hrs, Volume= 3.962 af, Depth= 5.16"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type ll 24-hr 10-Year Rainfall=5.40"

Area(ac) CN Descripticn

*

6.970 98 Paved parking, HSG A
2.240 98 Basin Bottom

9.210 98 Weighted Average
9210 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description

{min) (feet) (ftift)  (fi/sec) (cis)

10.0 Direct Entry,

Flow {cfs}

Subcatchment 7S: PDA-1A (Impervious)
Hydrograph
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Ex-Pr Type [l 24-hr 1G-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 9

Summary for Subcatchment 8S: PDA-1A (Pervious)

Runoff = 0.06cfs @ 12.98 hrs, Volume= 0.037 af, Depth= 0.21"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type i 24-hr 10-Year Rainfall=5.40"

Area (ac) CN Description
0.490 30 Woods, Good, HSG A
1.650 38 >75% Grass cover, Good, HSG A
2.140 37 Weighted Average
2.140 37 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (fuity  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 8S: PDA-1A (Pervious)

Hydrograph
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Ex-Pr Type Il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLLC Page 10

Summary for Subcatchment 9S: PDA-1B (Impervious)

Runoff = 1323 cfs @ 12.15 hrs, Volume= 1.609 af, Depth= 5.18"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Hl 24-hr 10-Year Rainfail=5.40"

Area{ac) CN Description
2.840 98 Paved parking, HSG A
* 0.8600 98  Basin bottom
3.740 98 Weighted Average
3.740 98  100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (it/ft)  (it/sec) {cfs)
10.0 Direct Entry,

Subcatchment 95: PDA-1B (Impervious)

Hydrograph
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Ex-Pr Type fit 24-hr 10-Year Rainfali=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
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Summary for Subcatchment 10S: PDA-1B (Pervious)

Runoif = 0.08cfs @ 12.54 hrs, Volume= 0.031 af, Depth= 0.29"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lll 24-hr 10-Year Rainfall=5.40"

Area(ac) CN Description
1.280 39 >75% Grass cover, Good, HSG A
1.290 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) {ft/ft)y ({fi/sec) {cfs)
i0.0 Direct Entry,

Subcatchment 10S: PDA-1B (Pervious)
Hydrograph
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Type i 24-hr 10-Year Rainfali=5.40"

Ex-Pr

Prepared by Bohler Engineering Printed 12/4/2017

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 12
Summary for Subcatchment 11S: PDA-1C

Runoff = 0.03cfs @ 12.54 hrs, Volume= 0.010 af, Depth= 0.29"

Runoff by SCS TR-20 methed, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=5.40"

Area{ac) CN Description
0.430 39 >75% Grass cover, Good, HSG A

0.430 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min)  (feed (ft/ft)  (ft/sec) {cis)
10.0 Direct Entry,

Subcatchment 11S: PDA-1C
Hydrograph
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Ex-Pr Type Hl 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 13

Summary for Subcatchment 12S: PDA-1D

Runoff = 0.01cfs @ 12.54 hrs, Volume= 0.004 af, Depth= 0.28"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type il 24-hr 10-Year Rainfall=5.40"

Area{ac) CN Description
0.170 39 >75% Grass cover, Good, H3G A
0.170 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(rnin) (feet) (fity  (ft/sec) (cfs)
10.0 Direct Enfry,

Subcatchment 12S: PDA-1D
Hydrograph
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Type il 24-hr 10-Year Rainfall=5.40"
Printed 12/4/2017
Page 14

Ex-Pr
Prepared hy Bohler Engineering
HydroCAD® 9.00 s/n 02612 ® 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment 13S: PDA-1E (Impervious)

0.026 af, Depth= 5.16"

Runoff 0.21 cfs @' 12.15 hrs, Volume=

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervicus/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=5.40"

Area (ac) CN  Descriplion
0.060 98 Roofs, HSG A
0.060 98 100.00% Impervious Area
Tc lLength Siope Velocity Capacity Description
(min) (faat) (f/f)  (ft/sec) (cis)
10.0 Direct Entry,
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Ex-Pr Type llif 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
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Summary for Subcatchment 14S: PDA-1E (Pervious)

Runoff = 0.01cfs @ 12.54 hrs, Volume= 0.003 af, Depih= 0.29"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type Hi 24-hr 10-Year Rainfall=5.40"

Area{ac) CN Description
0.140 39  >75% Grass cover, Good, HSG A
0.140 32  100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feet) {ft/ft)  (fi/sec) (cfs)
10.0 Direct Entry,

Subcatchment 148: PDA-1E (Pervious)

.2 Type.lll:24-hr10-Year _

17rrr o Rainfall=5.40
-Runoff-Area=0.140 ac -
Runoff Volinie=0.003 af -
- “Runoff Depth=0.29'"

xxxxx 1}

Flow (cfs)
f=]
f=)
j=]
I

Time {hours)
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Ex-Pr Type Il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 20098 HydroCAD Software Solutions LLC Page 16

Summary for Subcatchment 15S: PDA-2 (Pervious)

Runoff = 0.03cfs @ 16.03 hrs, Volume= 0.019 af, Depth= 0.08"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type I 24-hr 10-Year Rainfall=5.40"

Area(ac) CN Description
3.120 30 Woods, Good, HSG A
0.850 39 >75% Grass cover, Good, HSG A
3.770 32 Weighted Average
3.770 32 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

{min)  (feet) {ft/fit)  (ft/sec) (cfs)
12.9 97 0.0620 0.13 Sheet Flow, A-B
Woods: Light underbrush n= 0.400 P2= 3.40"
6.6 620 0.0096 1.58 Shallow Concentrated Flow, B-C

Unpaved Kv=16.1 fps

19.5 717 Total
Subcatchment 155: PDA-2 (Pervious)
Hydrograph

R 0 g ——— T T 1t T 1

i i | 1] H P 13 H i 4 H E 3 H i b 1 H H 13 I T b H 1 ] 1 I 1 P 1
L e e R el it e Tl Il B e R Ll B Sl il Runoff

f f : i : [

1
SR e B R R Rt R R Tl e e S e I
1 1 F -
1

0.0284 ; o
0028

0.024]

. . Ramfall 54
0.02] S e L .R nOffAre.a_3770 ac
o_ma_j ‘f“ff}ff:iig "Z”L“S"T"T'j"gl:{u:ﬁéiff Volunme=0.019 af

o g 13“
('D
N
:3"
=
u}
‘P
=
"D
m
=

p.0224 "

go.ms-:f IR SN N RUHOff Depth 0 06"
Foowl'| i LUFlow Length= 717—'——
O::,j} ) PO~ B : "Tc—19 5 mln*
e} [T RN RS CN 32/0
0.006] S k ;72 ; f : ‘

0.0047 f S
mi? T

o 2 4 6 8 10 12141618 202224 26283032 343638 40424446 485052 54 565860 62646668 7072
Time (hours)

82



Type flit 24-hr 10-Year Rainfall=5.40"
Printed 12/4/2017
Page 17

Ex-Pr
Prepared by Bohler Engineering
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment 16S: PDA-3 {Impervious)

1.273 af, Depth= 5.16"

Runoff 1047 cfs @ 12.15 hrs, Volume=

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=5.40"

Area{ac) CN Description

2.060
* 0.800

98
98

Paved parking, HSG A
Basin bottom

2.860
2.960

Tc
{min}

Length
(feet)

98
98

Weighted Average
100.00% Impervious Area

Slope Velocity Capacity Description
(ft/ft)  (ft/sec) {cfs)

10.0

Direct Entry,

Subcatchment 16S: PDA-3 (Impervious)
Hydrograph
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Ex-Pr Type il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 18

Summary for Subcatchment 17S: PDA-3 (Pervious)

Runoff = 0.089cfs @ 13.88 hrs, Volume= 0.056 af, Depth= 0.17"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 10-Year Rainfall=5.40"

Area(ac) CN  Description
2.420 39 >75% Grass cover, Good, HSG A
1.460 30  Woods, Good, HSG A
3.880 36 Weighted Average
3.880 36 100.00% Pervious Area

Te Length Slope Velocity Capacity Description
{min) _ {feet) (f/ft)  {ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 17S: PDA-3 (Pervious)
Hydrograph
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Ex-Pr Type Ul 24-hr 10-Year Rainfali=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2008 HydroCAD Software Solutions LLC Page 18

Summary for Pond 1P: Basin #1

Inflow Area = 11.350 ac, 81.15% Impervious, Inflow Depth= 4.23" for 10-Year event
inflow = 3259 cfs @ 12.15 hrs, Volume= 4.000 af

Outflow = 018cfs @ 24.26 hrs, Volume= 0.814 af, Atten= 99%, Lag= 726.1 min
Primary = 0.18cfs @ 24.26 hrs, Volume= 0.814 af

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs/ 3
Peak Elev= 58.55 @ 24.26 hrs Surf.Area= 103,903 sf Siorage= 166,953 cf

Plug-Flow detention time= 2,006.6 min calculated for 0.814 af {20% of inflow)
Center-oi-Mass det. time= 1,742.9 min ( 2,501.9-759.1)

Volume Invert Avail.Storage  Storage Description
#1 56.90" 432,566 cf Basin #1 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) {sg-it} (cubic-feet) {cubic-feet)
56.90 97,675 0 0
57.00 98,767 9,822 9,822
58.00 102,067 100,417 110,239
59.00 105,401 103,734 213,973
60.00 108,770 107,086 321,059
61.00 114,245 111,508 432,566

Device Rouling Invert  Qullel Devices

#1  Primary 56.80' 15.0" Round Culvert
. L=12.0" RCP, groove end w/headwall, Ke= 0.200
Outlet Invert= 56.68' S=0.0100"" Cc=0.900 n=0.013

#2  Device 1 57.30" 2.5" Vert. Orifice/Grate C= 0.600
#3 Device 1 60.00° 36.0" x 36.0" Horiz. Orifice/Grate C=0.6800
Limited to weir flow at [ow heads
#4  Secondary 60.30" 100.0'long x 10.0' breadth Broad-Crested Reciangular 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

Primary OutFlow Max=0.18 cfs @ 24.26 hrs HW=58.55' TW=52.97"' (Dynamic Tailwater)
1=Culvert (Passes 0.18 cfs of 6.38 cfs potential flow)
2=0rifice/Grate (Orifice Controls 0.18 cfs @ 5.16 fps)
3=0rifice/Grate ( Controls 0.00 cfs)

Secondary QutFlow Max=0.00 cfs @ 0.00 hrs HW=56.90' TW=0.00' (Dynamic Tailwater)
=Broad-Crested Rectangular Weir{ Confrols 0.00 cfs)
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Ex-Pr Type Il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions L1LC Page 20

Pond 1P: Basin #1

Hydrograph
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Ex-Pr Type {if 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 21

Summary for Pond 2P: Basin #2

Inflow Area = 16.380 ac, 79.06% Impervious, Inflow Depth > 1.80" for 10-Year event
Inflow = 13.31cfs @ 12.16 hrs, Volume= 2.454 af

QOutilow = 1.07 cfs @ 14.80 hrs, Volume= 1.789 af, Atten= 92%, Lag= 158.7 min
Primary = 1.07 cfis @ 14.80 hrs, Volume= 1.789 af

Secondary = 0.00cls @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs / 3
Peak Elev=53.24' @ 14.80 hrs Surf.Area= 42,719 sf Storage= 50,878 cf

Plug-Flow detention time= 1,048.7 min calculated for 1.789 af (73% of inflow)
Center-of-Mass det. time= 497.2 min ( 1,835.8 - 1,338.6)

Volume Invert Avail.Storage  Storage Description
#1 52.00' 179,275 cf Basin #2 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) {cubic-feet)
52.00 39,333 0 0
53.00 42,052 40,693 40,693
54.00 44,827 43,440 ' 84,132
55.00 47,658 46,193 130,325
586.00 50,343 48,951 179,275
Device Routing Invert  Qutlef Devices
#1  Primary 51.00" 15.0" Round Culvert

L=17.0" RCP, groove end projeciing, Ke= 0.200
Outlet Invert= 50.66' S=0.0200'" Cc=0.900 n=0.013

#2  Device 1 52.50" 8.0" Vert. Orifice/Grate C= 0.600
#3 Device i 54.20' 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 54.60' 35.0'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

Primary OQutFlow Max=1.07 cfs @ 14.80 hrs HW=53.24' TW=0.00' (Dynamic Tailwater)
1=Culvert (Passes 1.07 cfs of 8.99 cfs potential flow)
2=0rifice/Grate (Orifice Controls 1.07 cfs @ 3.07 ips)
3=0rifice/Grate ( Controls 0.00 cfs)

Secondary OutFlow Max=0.00 cfs @ 0.00 hrs HW=52.00' TW=0.00" (Dynamic Tailwater)
T _4=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Pond 2P: Basin #2
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Type il 24-hr 10-Year Rainfall=5.40"
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Summary for Pond 3P: Basin #3

Inflow Area = 6.840 ac, 43.27% impervious, Inflow Depth= 2.33" for 10-Year event

Inflow = 1047 cfs @ 12.15 hrs, Volume= 1.329 af

Cuiflow. = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Atten= 100%, Lag= 0.0 min

Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs/ 3
Peak Elev= 58.758' @ 25.10 hrs Surf.Area= 51,717 sf Storage= 57,913 cf

Plug-Flow detention time= (not calculated: initial siorage excedes cutflow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage  Storage Description
#1 57.50' 127,089 ¢f Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feel) (sg-ft) {cubic-feet} {cubic-feet)
57.50 39,005 0 0
58.00 48,307 21,328 21,328
58.00 53,554 49,931 71,259
60.00 58,107 55,831 127,089
Device Routing Invert Qutlet Devices.
#1  Primary 59.30' 35.0'long x 10,0’ breadth Broad-Crested Rectangular Weir

Head (feet) 0.20 0.40 0.80 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.49 2.56 2./0 2.69 268 2.6Y 2.6/ 2.64

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=57.50' TW=0.00' (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Pond 3P: Basin #3
Hydrograph
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Summary for Pond P-LD: PDA-2A (Local Depression)

i.nflow Area = 3,770 ac, 0.00% Impervious, Inflow Depth = 0.08" for 10-Year event

Inflow = 0.03cfs @ 16.03 hrs, Volume= 0.019 af

Outflow = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min

Primary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs /3

Peak Elev= 55.58' @ 26.14 hrs Surf Area= 2,946 sf Storage= 808 cof

Plug-Flow detention time= (not calculated: initial storage excedes outflow)

Center-of-Mass det. time= {not calculated: no outflow)

Volume Invert Avail.Storage  Storage Description

#1 55.00' 74,341 cf Custom Stage Data (lrregular)Listed below (Recalc)
Elevation Surf.Area Perim. Inc.Store Cum.Store Wet Area

{feet) (sq-ft) (feetl) {cubic-feet) (cubic-feet) {3q-f)
55.00 305 82.0 0 0 305
56.00 6,601 306.0 2,775 2,775 7,224
57.00 17,096 481.0 11,440 14,215 18,191
58.00 29,886 639.0 23,195 37,410 32,284
59.00 44,455 776.0 36,930 74,341 47,727

Device Routing Invert Qutlet Devices

#1  Primary 58.79' 50.0'long x 10.0' breadth Broad-Crested Rectangular Weir

Head (feel) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.80
Coef. (English) 2.49 2,56 2.70 269 2.68 269 2.67 2.64

Primary OutFlow Max=0.00 ¢fs @ 0.00 hrs HW=55.00" TW=0.00" (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir{ Controls 0.00 cfs)
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Flow {(cfs)

Pond P-LD: PDA-2A (Local Depression)
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Summary for Link 1L: Emergency Spillway

Inflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af
Primary =

[

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Link 1L: Emergency Spillway
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Summary for Link 2L: Emergency Spillway

0.00cfs @ 0.00 hrs, Volume= 0.000 af

Inflow
0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Primary

nn

1l

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link 2L: Emergency Spillway
Hydrograph
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Summary for Link L-E1: EDA-1
Inflow Area = 18.200 ac, 3.07% Impervious, Inflow Depth = 0.18" for 10-Year event
Inflow = 209cfs @ 12.15 hrs, Volume= 0.288 af
Primary = 209cfs @ 12.15 hrs, Volume= 0.288 af, Atten= 0%, Lag= 0.0 min
Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link L-E1: EDA-~1

Hydrograph
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Summary for Link L-E2: EDA-2
inflow Area = 3.740 ac, 32.35% impervious, Inflow Depth = 0.00" for 10-Year event
Inflow = 0.00cfs@ 0.00 hrs, Volume= 0.000 af
Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min
Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Link L-E2: EDA-2

Hydrograph
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Summary for Link L-E3: EDA-3

for 10-Year event

0.339 af

4,850 ac, 15.88% Impervious, Inflow Depth= 0.84"

272cfs @ 12.15 hrs, Volume

1y

Inflow Area
Inflow

0%, Lag= 0.0 min

= 0.339 af, Atten

272cfs @ 12.15 hrs, Volume

I}

Primary

Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Primary outflow

Link L-E3: EDA-3

Hydrograph
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Summary for Link L-P1: PDA-1

inflow Area = 17.180 ac, 75.73% Impervious, Inflow Depth > 1.28" for 10-Year event
Inflow = 1.11cfs @ 14.55 hrs, Volume= 1.833 af
Primary = 1.11cfls @ 14.55 hrs, Volume= 1.833 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link L-P1: PDA-1
Hydrograph
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Summary for Link L-P2; PDA-2

Inflow Area = 3.770 ac, 0.00% Impervious, Inflow Depth= 0.00" for 10-Year event
Inflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af
Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag=0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt=0.01 hrs

Link L-P2: PDA-2
Hydrograph
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Summary for Link L-P3: PDA-3

Inflow Area = 6.840 ac, 43.27% Impervious, Inflow Depth = 0.00" for 10-Year event
Inflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min
Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt=0.01 hrs

Link L-P3: PDA-3

Hydrograph
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100-YEAR STORM EVENT
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Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2008 HydroCAD Software Solutions LLC Page 2

Summary for Subcatchment 1S: EDA-1 (Impervious)

Runoff = 3.57cfs @ 12.15 hrs, Volume= 0.441 af, Depth= 8.98"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type [l 24-hr 100-Year Rainfall=9.20"

Area(ac) CN Description
0.590 98 Paved roads w/curbs & sewers, HSG A
0.590 98 100.00% Impervicus Area

Tc Length Slope Velocity Capacity Description
{min} (feet) (ft/f)  (fi/sec) (cfs)
10.0 Direct Entry,

Subcatchment 15: EDA-1 (Impervious)

_ Hydrograph ‘ _
(1 ey
[ 0B Temaencdodves
3;.«";-";"";"*2“"’?"?'?““5'““2‘*?"?“?“{“‘}"“?"!“*1"";“i‘";"“:”E"“i"Rain;fa”.:'g:ZO'—f“
[P i Runoff Area=0.590 ac
Pl I Runoff: Volume=0:441 af
g [ b Runoff Depth=8:96"
R 5“?5”?5:?”:353?§?’:3:?T?cé1ddfnid
I IR A O A e R I
L i CN=0/98
I!Erislilliflzvlrlll!l;i!!ilih!!
SN, I A A R
e : . . N %% A 5 H 1 1 H 1 E ] 1 i
| L <
A
[} T TTTTTTTIYT

o TR T T T T e R e e A e e
0 2 4 6 8 101214 16 1820 22 24 26 28 30 32 34 38 38 40 42 44 46 48 50 52545I6 58 60 62 64 66 687:0 72
Time (hours)
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whees -

Tyvpe il 24-hr 100-Year Rainfal{=9.20"

Ex-Pr
Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 3

Summary for Subcatchment 2S: EDA-1 (Pervious)

Runoff = 230cfs @ 13.26 hrs, Volume= 1.144 af, Depth= 0.74"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type [l 24-hr 100-Year Rainfall=9.20"

Area{ac) CN Descriplion
18.110 30 Woods, Good, HSG A
0.500 30  Woods, Good, HSG A
18.610 30 Weighted Average
18.610 30 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

{min) _ (feeb) (ftt)  (fi/sec) {cfs)
26.5 90 0.0089 0.08 Sheet Flow, A-B
Woods: Light underbrush n= 0.400 P2= 3.40"
17.7 1,300 0.0058 1.23 Shallow Concentrated Flow, B-C

Unpaved Kv= 16.1fps

442 1,390 Total

Subcatchment 2S: EDA-1 (Pervious)
Hydrograph

o : : . ’ |EIRunoff'
‘Type jm 24 hr 100- Year
T Rainfall=E 920""

[
1

]

Wa

IR

3
-
r

v 5 U
r
[P TPV
3

2} N o 1
¥ Runoff Area=18.610 ac
) i1 iRunoffiVolume=1144 af
g M‘_RunoffDepth =0.74"
: i ... FlowLength=1,390:.
" I T resas 2 min
i i li L CN=30/0
. S
.
%

\\

77

o-z, e, _— oy
0 2 4 6 B 101214 15 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 56 60 62 64 66 68 70 72
Time {hours)
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Type Il 24-hr 100-Year Rainfall=9.20"
Printed 12/4/2017
Page 4

Ex-Pr
Prepared by Bohler Engineering
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment 3S: EDA-2 (Impervious}

0.903 af, Depth= 8.96"

Runoff 7.32cfs @ 12.15 hrs, Volume=

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lll 24-hr 100-Year Rainfall=9.20"

CN_ Description
98 Paved parking, HSG A

Area {ac)
1.210

1.210

Te
(min}

Length
{feet)

88

100.00% Impervious Area

Slope Velocity Capacity Description

(it/ft) (ft/sec) {cfs)

10.0

Direct Entry,

Subecatchment 3S: EDA-2 (Impervious)
Hydrograph

A1 ey T
" SRR ST Type HI 24-hr 100-Year
P i il i Rainfall=9.20%
Tlooipiio i Runoff Area=1.210 ac
AR ié 100 Runoff Volume=0;903 af
§ | a i Runoff Depth=8.96" -
Yl i iTe=d 0.0 min
[TER lVlIE’lIr. =:1|1[s|;:|;;;-r,.c'."10.-0_m[n
DA [ o S i S B A St S B R R e v
L [ ON=0/98
L]
SUEREEY IEEREE o BEEEEEEE RN
: 3 : ; : é%/ 1 g 1‘ ' : ¢ 1 3 ; f ¥ 1 l t
EERSERY GEEEE D e R B
R4 S ; RN
' o

2224 26 28 30 32 34 36 38 40 42 44 A6 48 50 52 54 58 58 60 62 64 66 68 70 72
Time {hours)

18 20
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Ex-Pr Type it 24-hr 100-Year Rainfail=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 5

Summary for Subcatchment 4S: EDA-2 (Pervious)

Runoff = 0.34cfts @ 13.12 hrs, Volume= 0.155 af, Depth= 0.74"

Runoff by SCS8 TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type HI 24-hr 100-Year Rainfall=9.20"

Area(ac) CN Description
1.980 30 Woods, Good, HSG A
0.550 30  Woods, Good, HSG A
2.530 30 Weighted Average
2.530 30 100.00% Pervious Area

Tc Length Siope Velocity Capacity Description

(min) __ (feed) (ftit)  (fVsec) (cfs)
37.3 150 0.0105 0.07 Sheet Flow, A-B
Woods: Light underbrush n=0.400 P2=3.40"
0.8 138 0.0280 2.74 Shallow Concentrated Flow, B-C

Unpaved Kv= 16.1 fps

38.1 288 Total

Subcatchment 45: EDA-2 (Pervious)
Hydrograph

Runoif '

Flow {cfs)

0 2 4 6 8 10 1214 161820 2224 2528 3032 343638 4042 4446 4850 525456 5860 6264 6568 7072
Time (hours}
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Ex-Pr Type il 24-hr 100-Year Rainfall=8.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page B

Summary for Subcatchment 5S: EDA-3 (Impervious)

Runoff = 466cfs @ 12.15 hrs, Volume= 0.675 af, Depth= 8.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-Year Rainfall=8.20"

Area(ac) CN Description
0.770 98 Paved roads wicurbs & sewers, HSG A
0.770 98 100.00% Impervious Area

Te Length Slope Velocity Capacity Description
{min) _ (feet) (ftfft)  (fi/sec) (cfs)
10.0 Direct Entry,

Subcatchment 53: EDA-3 (Impervious)

Hydrograph

J T e T T T T T
Pl Typelll 24-0e 100-Year
o 'f‘:“:".“‘;“:“5‘:“:'1":“;"5'_:":“":'2":'?':"r':“:“Rain'fall.—"—Q:rZO'?“
{iiip i Runoff Area=0.770 ac
d 0 G inseerer o Runoff-Volume=0.575 af -
S|l Runoff Depth=8.96"
g Tc=100mm
ALl CN=0/98
HEEY IR T
AEEER Y UEEEaE e A T
i é% s ] b 1 : i 3 i ] 1 3 1 :
¥ G ; N o
-:??"i:i;;ti:::.E‘@‘:!i!:;;f
o]

0 2 4 6 8 10 1214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72
Time (hours)
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Ex-Pr Type Il 24- hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 7

Summary for Subcatchment 65: EDA-3 (Pervious)

Runoff = 066cfs @ 12.75 hrs, Volume= 0.251 af, Depth= 0.74"

Runoff by SC8 TR-20 method, UH=Deimarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type HI 24-hr 100-Year Rainfall=9.20"

Areaf{ac) CN Description
2.310 30 Woods, Good, HSG A
1.770 30  Woods, Good, HSG A
4.080 30 Weighted Average
4.080 30 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) {feel) {f/ity  (ft/sec) (cfs)

221 150 0.0390 0.11 Sheet Flow, A-B
Woods: Light underbrush n= 0.400 P2= 3.40"
3.3 224 0.0050 1.14 Shallow Concentrated Flow, B-C

Unpaved Kv=16.11ps

254 374 Total

Subcatchment 65: EDA-3 (Pervious}

‘ 7 Hydrograph . . _ -
11 AT 00-Year
0'65_5 | _;_':_:_:_ B A Type IH 24 hl‘ 100 Year
ot () IR Sodedenbdodiioion Ramfall 9 20"
0.55F LAl LLLLVLLLLMM .
Al Runoff Area=4.080 ac
aas | Ifjlf' INERRREREEN “Rﬂﬁéfwaémmé"fOW251 af
Sod ]l 0 Runoff Depth=0.74"
5”;“: A Gt e - Flow Length=374"-
0.2.5-:5' : 0 — S TC“254m1n
o2 | ] CITL T T CN=30/0
ars] ' : ' - ,W
o.1—f | E
0.05¢ ‘ f '
oz //;"//’?// . - .///W//////W///Z///////JCI/

0 2 4 B 8 10 12 14 161820 2224 2628 3032 3436384042 44464850 525456 5860 62646668 7072
Time {hours}
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Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 8

Summary for Subcatchment 75: PDA-1A (Impervious)

Runoff = 5573 cfs @ 12.15 hrs, Volume= 6.876 af, Depth= 8.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type [ll 24-hr 100-Year Rainfall=8.20"

Area(ac) CN Description
6.970 98 Paved parking, HSG A
* 2.240 98 Basin Bottom

8.210 98 Weighted Average
9.210 88 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ity  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 7S: PDA-1A (Impervious)

Hydrograph
' C i Typedll 24-hr 100-Year
o lbiihpgii il Rainfall=9.201
Ll il Runoff Area=d.210 ac.
L b RURoff Volume=6,876.af
Zasf| 1 A N
= a0l AR :
CINE DU B SRRy ; =
LL25_'-’ i ] b £ ;% v ] ¢
o0 B , P ’
] S ?f/f' ; i : ,-
15] oo ;% ! i ! Vo
E B DU
(G N IR~ ¥ Dol R Lo
5 S B
¥

- T D L E T R L N p ey TTTIT THESTRTRRSS CETEThREY ¥ - St SRR AT
0 2 4 68 8 1012 14 18 18 20 22 24 26 28 30 32 34 36 35 40 42 44 46 485‘0 52 54 56 58 60 62 64 66 687i0 72
Time {hours)
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Ex-Pr Type Il 24-hr 100-Year Rainfali=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Scitware Solutions LLC Page 9

Summary for Subcatchment 85: PDA-1A (Pervious)

Runoff = 1.684cfls @ 12.33 hrs, Volume= 0.262 af, Depth= 1.47"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type lll 24-hr 100-Year Rainfali=9.20"

Areaf{ac) CN Description
0.490 30 Woods, Good, HSG A
1.650 38  >75% Grass cover, Good, HSG A
2.140 37 Weighted Average
2.140 37 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min} (feet) (ft/ft)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 8S: PDA-1A (Pervious)
Hydrograph

JERERREEN RN RISRRRRRR NI
Lyl i Typelll 24-hr 100-Year
T Rainfall=.20”
L Runoff Area=2140 ac
o Goiiiiit: 'RunoffiVolumé=0;262 af
g 1 piorio 0 Runoff Depth=1.47"
L 1624 0.0 min
S enzanio

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 48 48 50 52 54 56 58 60 52 64 66 68 70 72
Time {hours}
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Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2009 HydroCAD Software Sclutions LLC Page 10

Summary for Subcatchment 9S: PDA-1B (Impervious)

Runoff = 2263 cfs @ 12.15hrs, Volume= 2.792 af, Depth= 8.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type lll 24-hr 100-Year Rainfall=8.20"

Area(ac) CN Description
2.840 98 Paved parking, HSG A
* 0.900 98 Basin bottom

3.740 98 Weighted Average
3.740 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) {fi/it)  (fi/sec) {cfs)
10.0 Direct Entry,

Subcatchment 9S8: PDA-1B (Impervious)
Hydrograph

214
208

1457

Flow (cfs)
W

O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 35 38 40 42 44 45 48 50 52 54 56 58 60 62 64 66 66 70 72
Time (hours)
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Ex-Pr Type ilf 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 11

Summary for Subcatchment 10S: PDA-1B (Pervious)

Runoff = 1.23cfs @ 12.28 hrs, Volume= 0.183 af, Depth= 1.70"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-Year Rainfall=9.20"

Area(ac) CN Description
1.290 39 >75% Grass cover, Good, HSG A
1.280 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) {cfs)
10.0 Direct Entfry,

Subcatchment 10S: PDA-1B (Pervious)
Hydrograph

(1 gy
R’ FEREEE SEESEETsfipIeIll24hr100-Year
LA ‘i_ml_;“:_;: . Rainfall=9.20"

T R ; . Runoff Area=1.: 290 ac

R EE Runoff Volume—0183 af

g B I Ejj {;!RunoffDepfh 1.70"
g i i ‘ i 1 B : PR I T T T

2 R 1 S A :*':,'”Tc-100mm

N A ”?..,9N39/°

S N e A S A A A A g A O

Time {hours)
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Ex-Pr Type il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® $.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 12

Summary for Subcatchment 11S: PDA-1C

Runoff = O41cis @ 12.28 hrs, Volume= 0.061 af, Depth= 1.70"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type lll 24-hr 100-Year Raijnfali=9,20"

Area(ac) CN Description
0.430 38 >75% Grass cover, Good, HSG A
0.430 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min) (feet) (ft/it)  (ft/sec) {cis)
10.0 ' Direct Entry,

Subcatchment 11S: PDA-1C

. Hydrqgraph _ _
0.4s3 A T
oa2q | - LOAT OIS
04}t do g Gt Type NI 24-hre400-Year:--
0.38] s——-—1—1-w et e e il T i it Sl B el Tt e LRl
0.36 ------:--:--;-,--:--;-—:-%-;-:--:--:A-:-—:-;-:-~:.-—;—-:—-1--:—;-Ratn-faII;Q».QO--;~--
0,34 U LI JENE TR TR U R U O UL U SR U S SO JOOr DU IO S AU SO L T B U S A S S S
oard |l I I T T  Runoff-Area=0.430 ac -
CE _:“:A.:w;“ML“;H:A,,LAW'HW,_”Niﬁi.. tttt DR SR O A SN SO S L A
oid| LD Runoff Volume=01067 af
o .26 R e Tt o e o i—: : f- ":m
S oz |- - -’- B e L R T L ST R P RUHOffDepthFTIETO -
E OOZ;E::!nw:.m:,i: - i i el .:_..‘E__v:._..;__i...:_.;L_}_:T[éé-;'.’loa__oxi_ﬁiiuﬁ:_.
Eea IS LT eNesse
o143 T I S AR AR R e
ord T R S U S
0.08 :
AR S R D - ZA SV SN VANV SUE UL U AU SO SO L P S S S [ S R S
0.043 e
0.023
o3

Time (hours)
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Type llf 24-hr 100-Year Rainfall=9.20"
Printed 12/4/2017
Page 13

Ex-Pr
Prepared by Bohler Engineering
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Subcatchment 128: PDA-1D

Runoff = Q.16 cfs @ 12.28 hrs, Volume= 0.024 af, Depth= 1.70"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type Iit 24-hr 100-Year Rainfall=9,20"

Area(ac) CN Description
0.170 39 >75% Grass cover, Good, HSG A
0.170 39 100.00% Pervious Area
Te Length Slope Velocity Capacity Description
{min) (feet) (ft/ft)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 125: PDA-1D
Hydrograph

0.13—: |
0174
WRTE o
0153
0144 " ;
LRLE RN
0123 :
URLE O AR
LRE B
0.00% " |
008F | il
LTuC B
0.065

- RunoffArea-O 170 ac;-

'Runoff Volliiie=0;024 af
ST Runoff Depth= 1.70"
T rea g i

Flow {cfs)

0.059 "

0.043
0.037

o.oz-i-' |

D.D'i-

i
f
'

PR SRS U
f

0 2 4 E 8 10 12 14 161820 2224 2628 3032 343638 4042 4446 4850 5254I56 5860 6264 6668 7072
Time (hours}

116



Ex-Pr Type Ill 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Sclutions LLC Page 14

Summary for Subcatchment 13S: PDA-1E (Impervious)

Runcif = 0.36cfs @ 12.15 hrs, Volume= 0.045 af, Depth= 8.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-Year Rainfall=9.20"

Area(ac) CN Description
0.060 98 Roeofs, HSG A
0.060 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
{min} (feat) (ft/ft)  (it/sec) {cfs)
10.0 _ Direct Entry,

Subcatchment 13S: PDA-1E (Impervious)

oot B iy A R N TGP R
ot B e rorerseer Type Nl 24-hr100-Year-
X I R rotobaoioiotbooioioo Rainfall=9.207.
03F L. liod. P i B - W At L R
Yt N I R o io:i . Ruhoff Area=0.060 ac

orf | Runoff Volume=0.045 af

LR RunofF Depth=8.96"

- 0241 i ._J: e d it
o J ol AT Te=10.0 mind
o AR NN T GN=0/98
0_12§ “““““ Ev_i“_.i_ et it i . T B Y S T S A
] N :
014 d
0.084 - 4. A i
0.063 J é,//%’/ "
0.045
0.02]
hE

Time (hours)
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Ex-Pr Type Ilf 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 15

Summary for Subcatchment 14S: PDA-1E (Pervious)

Runoff = D.13c¢fs @ 12.28 hrs, Volume= 0.020 af, Depth= 1.70"

Runoff by 8CS TR-20 method, UH=Delmarva, Split Pervious/lmperv., Time Span= 0.00-72,00 hrs, dt= 0.01 hrs
Type til 24-hr 100-Year Rainfall=9.20"

Area(ac) CN Description
0.140 39 >75% Grass cover, Good, HSG A
0.140 39 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
{min)  (feet) {ft/it)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 14S: PDA-1E (Pervious)
Hydrograph

i
¥ 1 T I 3 H H H H H b r H i i 1
: S . [ Runoff
i
i

11111

Flow {cfs)

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 234 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 665 68 70 72
Time (hours)
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Ex-Pr Type Il 24-hr 100-Year Rainfali=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 16

Summary for Subcatchment 15S: PDA-2 (Pervious)

Runoff = 1.08cfs @ 12.57 hrs, Volume= 0.294 af, Depth= (,94"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, di= 0.01 hrs
Type lil 24-hr 100-Year Rainfall=9.20"

Area{ac) CN Description
3.120 30 Woods, Good, HSG A
0.650 39  >75% Grass cover, Good, HSG A

3.770 32  Weighted Average
3.770 32  100.00% Pervious Area

Tc Length Slope Velocity Capacity Description

(min)  (feet) (ft/ft)  (ft/sec) {cfs)
12.9 97 0.0620 0.13 Sheet Flow, A-B
Woods: Light underbrush n= 0400 P2= 3.40"
6.6 620 0.0096 1.58 Shallow Concentrated Flow, B-C

Unpaved Kv= 16.1 fps

19.5 717 Total

Subcatchment 155: PDA-2 (Pervious)

Hydrograph

JUEERERE R RN
SR Type il 24-hr 100-Year
Lot b Rainfall=9.207
D@ i iioi ] Runoff Area=3.770 ac
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Type fIf 24-hr 100-Year Rainfall=8.20"

Ex-Pr

Prepared by Bohler Engineering Printed 12/4/2017

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 17
Summary for Subcatchment 16S: PDA-3 (Impervious)

Runoif = 17.91cls @ 12.15 hrs, Volume= 2.210 af, Depth= 8.96"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hré, dt= 0.01 hrs
Type il 24-hr 100-Year Rainfall=9.20"

Area{ac) CN Description
2.060 98 Paved parking, HSG A
i 0.900 98 Basin bottom
2.960 98 Weighted Average
2960 98 100.00% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet} (ft/ft)  (ft/sec) (cfs)
10.0 Direct Entry,

Subcatchment 16S: PDA-3 (Impervious)
Hydrograph
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Ex-Pr Type il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
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Summary for Subcatchment 17S: PDA-3 (Pervious)

Runoff = 2.64cfs @ 12.35 hrs, Volume= 0.440 af, Depth= 1.38"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/Imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-Year Rainfall=9.20"

Area(ac} CN Description
2.420 38 >75% Grass cover, Good, HSG A
1.460 30 Woods, Good, HSG A

3.880 36 Weighted Average
3.880 36 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
fmin)  (feet) (ft/ft)  {ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 178: PDA-3 {Pervious)
Hydrograph

B AR R R RN R RN
TRl Type il 24-hr 100-Year
;:,;;:;:ff;:iiE::::;E:EERai_nfallFQ.QO'?
T Runoff Area=3:880ac
iDL i RunoffiVolume=0;440 af
€ | iiiipdi il i Runoff Depth=1.36"
El[0 i Te10.0 min
B R A PR hr N=2R70 -
1 B ol 7 ENe3e/0
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Ex-Pr Type lil 24-hr 100-Year Rainfal{=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
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Summary for Pond 1P: Basin #1

Inflow Area = 11.350 ac, 81.15% Impervious, Inflow Depth = 7.55" for 100-Year event

Inflow = 57.13cfs @ 12.16 hrs, Volume= 7.139 af

Quiflow = 0.25cfs @ 24.30 hrs, Volume= 1.212 af, Atten= 100%, Lag= 728.4 min
Primary = 0.25cfs @ 24.30 hrs, Volume= 1.212 af .
Secondary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind methed, Time Span= 0.00-72.00 hrs, dt=0.01 hrs/ 3
Peak Elev= 59.80' @ 24.30 hrs Surf.Area= 108,112 sf Storage= 299,873 cf

Plug-Flow detention time= 2,055.9 min calculated for 1.212 af (17% of inflow)
Center-of-Mass def. time= 1,743.3 min ( 2,498.8 - 755.5)

Volume Invert Avail.Storage  Storage Description
#1 56.90 432,566 ¢f Basin #1 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feel) {sg-fi) (cubic-feet) (cubic-feet)
56.90 97,675 0 0
57.00 98,767 9,822 9,822
58.00 102,067 100,417 110,239
59.00 105,401 103,734 213,973
60.00 108,770 107,086 321,059
61.00 114,245 111,508 432,566
Device Routing Invert Outlet Devices
#1  Primary 56.80' 15.0" Round Culvert
L=12.0' RCP, groove end w/headwall, Ke= 0.200
Outlet Invert= 56.68' S=0.0100"" Cc=0.900 n=0.013
#2  Device 1 57.30' 2.5" Vert. Orifice/Grate C= 0.600
#3  Device ] 60.00" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 60.30' 100.0" 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

Primary QutFlow Max=0.25 cfs @ 24.30 hrs HW=59.80" TW=53.54" (Dynamic Tailwater)
1=Culvert (Passes 0.25 cfs of 11.08 cfs potential flow)
2=0rifice/Grate (Orifice Controls 0.25 cfs @ 7.46 fps)
3=Qrifice/Grate ( Controls 0.00 cfs)

Secondary OutFlow Max=0.00 cfs @ 0.00 hrs HW=56.90" TW=0.00" (Dynamic Tailwater)
T 4=Broad-Crested Rectangular Weir( Controls 0.00 cfs)
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Pond 1P: Basin #1
Hydrograph
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Summary for Pond 2P: Basin #2

Inflow Area = 16.380 ac, 79.06% Impervious, Inflow Depth > 3.07" for 100-Year event
Inflow = 23.90cfs @ 12.16 hrs, Volume= 4.187 af

Outflow = 1.91cfs @ 14.82 hrs, Volume= 3.471 af, Atten=92%, L.ag= 159.6 min
Primary = 1.91cfs @ 14.82 hrs, Volume= 3.471 af

Secondary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-ind method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs/ 3
Peak Elev=54.12' @ 14.82 hrs Surf.Area= 45,168 sf Storage= 89,747 cf

Plug-Flow detention time= 883.0 min calculated for 3.471 af (83% of inflow)
Center-of-Mass det. time= 477.6 min ( 1,740.1 - 1,262.5)

Volume Invert Avail.Storage Storage Description
#1 52.00' 179,275 c¢f Basin #2 (Prismatic}Listed below (Recaic)
Elevation Surf.Area Inc.Store Cum.Store
(feet) {sq-M) (cubic-feel) {cubic-leel
52.00 39,333 0 0
53.00 42,052 40,693 40,693
54.00 44,827 43,440 84,132
55.00 47,558 46,193 130,325
56.00 50,343 48,951 179,275
Device  Routing Invert  Ouilet Devices
#1  Primary 51.00" 15.0" Round Culvert

L= 17.0' RCP, groove end projecting, Ke= 0.200
Outlet Invert= 50.66' $=0.0200""" Cc=0.900 n=0.013

#2 Device 1 52.50'" 8.0" Vert. Orifice/Grate C= 0.600
#3  Device 1 54.20' 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 54.60' 35.0'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 2.68 2.67 2.64

Primary OutFlow Max=1.91 cfs @ 14.82 hrs HW=54.12' TW=0.00" (Dynamic Tailwater)
* 1=Culvert (Passes 1.91 cfs of 11.60 cfs potential flow)

2=0rifice/Grate {Orifice Controls 1.91 cfs @ 5.47 fps)

3=0rifice/Grate { Controls 0.00 cfs)

Secondary QutFlow Max=0.00 cfs @ 0.00 hrs HW=52.00' TW=0.00" (Dynamic Tailwater)
T-4=Broad-Crested Rectangular Weir{ Controls 0.00 cfs)
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Pond 2P: Basin #2
Hydrograph
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Summary for Pond 3P: Basin #3

6.840 ac, 43.27% Impervious, Inflow Depth = 4.65" for 100-Year event

Inflow Area =

Inflow = 20.08cfs @ 12.16 hrs, Volume= 2.650 af

Outflow = 1.37cfs @ 15.56 hrs, Volume= 0.640 af, Atten= 93%, Lag= 203.6 min
Primary = 1.37cfs @ 15.56 hrs, Volume= 0.640 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs /3
Peak Elev= 59.36' @ 15.56 hrs Surf.Area= 55,206 sf Storage= 90,989 cf

Plug-Flow detention time= 594.8 min calculated for 0.640 af (24% of inflow)
Center-of-Mass det. time= 3498.8 min ( 1,127.6 - 777.7 )

Volume Invert Avail Storage  Storage Description
#1 £57.50' 127,089 ¢f Custom Stage Data (Prismatic).isted below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feel) {sg-ft) (cubic-feet) (cubic-feet)
57.50 39,008 0 0
58.00 46,307 21,328 21,328
59.00 53,554 49,931 71,259
60.00 58,107 55,831 127,089
Device Routing Invert  Qutlet Devices
#1  Primary 59.30" 35.0'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 2,86 2,70 2.69 2.68 2.69 2.67 2.64

Primary OQutFlow Max=1.37 cfs @ 15.56 hrs HW=59.36" TW=0.00" (Dynamic Tailwater)
* 1=Broad-Grested Rectangular Weir (Weir Controls 1.37 cfs @ 0.62 fps)
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Pond 3P: Basin #3
Hydrograph
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Summary for Pond E-LD: Local Depression

Inflow Area = 3.740 ac, 32.35% Impervious, Inflow Depth = 3.40" for 100-Year event

inflow = 7.33cfs @ 12.15 hrs, Volume= 1.058 af

COutflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 100%, Lag= 0.0 min

Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs /3
Peak Elev=58.27' @ 28.20 hrs Surf.Area= 35,048 sf Siorage= 46,126 cf

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= (not calculated: no outfiow)

Volume Invert Avail.Storage  Storage Description
#1 55.00' 77,508 ¢f 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-it)
£5.00 305 82.0 0 0 305
56.00 6,603 306.0 2,776 2,776 7,224
57.00 17,113 481.0 11,449 14,224 18,191
58.00 29,890 639.0 23,207 37,431 32,284
59.00 51,218 900.0 40,078 77,509 64,258
Device Routing Invert Outlet Devices
#1  Primary 58.79' 50.0"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

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=55.00' TW=0.00" {Dynamic Tailwater)
1=Broad-Crested Rectangular Weir ( Controls 0.00 cfs)
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Pond E-LD: Local Depression
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Summary for Pond P-LD: PDA-2A (Local Depression)

Inflow Area = 3.770ac, 0.00% Impervious, Inflow Depth = 0.94" for 100-Year event

Inflow = 1.08cfs @ 12.57 hrs, Volume= 0.294 af

Cutflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min

Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, di= 0.01 hrs /3

Peak Elev=56.91' @ 26.14 hrs Surf.Area= 16,006 sf Storage= 12,798 cf

Plug-Flow detention time= (not calculated: initial storage excedes outflow)

Center-of-Mass det. time= (not calculated: no outilow)

Volume Invert Avail.Storage Storage Description

#1 55.00' 74,341 c¢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-feef) {sqg-ft)
55.00 305 82.0 0 0 305
56.00 6,601 306.0 2,775 2,775 7.224
57.00 17,096 481.0 11,440 14,215 18,191
58.00 29,886 639.0 23,195 37,410 32,284
59.00 44 455 776.0 36,930 74,341 47 727

Device Routing Invert Qutlet Devices

#1  Primary 58.79" 50.0'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

Primary OutFlow Max=0.00 cis @ 0.00 hrs HW=55.00" TW=0.00" (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir { Controls 0.00 cfs)
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Summary for Link 1L: Emergency Spillway

0.00cis @ 0.00 hrs, Volume= 0.000 af

Inflow
0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten=0%, Lag= 0.0 min

Primary

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link 1L: Emergency Spillway
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Type HI 24-hr 100-Year Rainfall=9.20"

Ex-Pr

Printed 12/4/2017

Prepared by Bohler Engineering

Page 30

HydroCAD® 2.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Link 2L: Emergency Spillway

0.000 af

0.00 hrs, Volume

0.00cis @
0.00cfs @

Inflow

0.000 af, Atten= 0%, Lag= 0.0 min

0.00 hrs, Volume

Primary

Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Primary outflow

Emergency Spillway
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Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 31

Summary for Link L-E1: EDA-1
Inflow Area = 19,200 ac, 3.07% Impervicus, Inflow Depth = 0.99" for 100-Year event
Inflow = 359 cfls @ 12.16 hrs, Volume= 1.584 af
Primary = 359cfs @ 12.16 hrs, Volume= 1.584 af, Atten= 0%, Lag= 0.0 min
Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link L-E1: EDA-1

Hydrograph
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Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 32

Summary for Link L-E2: EDA-2

Inflow Area = 3.740 ac, 32.35% Impervious, Inflow Depth= 0.00" for 100-Year event
Inflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af
Primary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, di= 0.0 hrs

Link L-E2: EDA-2
Hydrograph
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Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 33

Summary for Link L-E3: EDA-3
Inflow Area = 4.850 ac, 15.88% Impervious, Inflow Depth = 2.04" for 100-Year event
Inflow = 468cfs @ 12.16 hrs, Volume= 0.826 af
Primary = 468cfs @ 12.16 hrs, Volume= 0.826 af, Aiten=0%, Lag= 0.0 min
Primary outflow = Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link L-E3: EDA-3

Hydregraph
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Type il 24-hr 100-Year Rainfali=9.20"

Ex-Pr

Printed 12/4/2017

Prepared by Bohler Engineering

Page 34

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Link L-P1: PDA-1

for 100-Year event

17.180 ac, 75.73% lmpervious, Inflow Depth > 2.53"

Inflow Area

3.621 af
3.621 af, Atten= 0%, Lag= 0.0 min

246cfs @ 12.42 hrs, Volume
246cfs @ 12.42 hrs, Volume

Inflow, Time Span= 0.00-72.00 hrs, di= 0.01 hrs

Primary outflow

Link L-P1: PDA-1
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Ex-Pr Type llf 24-hr 100-Year Rainfail=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 @ 2009 HydroCAD Software Solutions LLC Page 35

Summary for Link L-P2; PDA-2

Inflow Area = 3.770 ac, 0.00% impervious, Inflow Depth = 0.00" for 100-Year event
Inflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af
Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 0%, Lag= 0.0 min

Primary outflow = inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

Link L-P2: PDA-2
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Page 36

Printed 12/4/2017

for 100-Year event
0%, Lag= 0.0 min

112"

Type fit 24-hr 100-Year Rainfall=9.20"

0.640 af
0.640 af, Atfien

Link L-P3: PDA-3

Hydrograph

Summary for Link L-P3: PDA-3

6.840 ac, 43.27% Impervious, Inflow Depth

1.37 cfs @ 15.56 hrs, Volume

137 cfs @ 15.56 hrs, Volume
Inflow, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Prepared by Bohler Engineering

Ex-Pr
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B. Design Calculations

Emergency Spillway Calculations

Infiltration Rate and Basin Drain Time Calculations
Recharge Calculations

Storm Drain Sizing, Curb Cut and Inlet Capacity Check
Pipe Capacity Check for Underground Basin |
Scour Hole Design

Township-Specific Requirements Evaluation

Sediment Basin Design

Low-Impact Development Checklist
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EMERGENCY SPILLWAY CALCULATIONS
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BASIN #1 EMERGENCY
SPILLWAY CHECK FOR

100-YEAR STORM EVENT .
Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 2.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Pond 1P: Basin #1

Inflow Area = 11.350 ac, 81.15% Impervicus, Inflow Depth = 7.55" for 100-Year event
Inflow = 5713 cfs @ 12.16 hrs, Volume= 7.139 af

Qutflow = 0.00cfs@ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min
Primary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Secondary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Routing by Dyn-Stor-Ind methed, Time Span= 0.00-72.00 hrs, di= 0.01 hrs/ 3
| Peak Elev= 59.91|@ 25.10 hrs Surf.Area= 108,457 sf Storage= 310,968 cf

Plug-Flow detention time= (not calculated: initial storage excedes outfiow)
Center-of-Mass det. time= (not calculated: no outflow)

Volume Invert Avail.Storage Storage Description
#1 56.80' 432,566 cf Basin #1 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feel) {sy-{t) (cubic-leel) {cubic-feel)
56.90 97,675 0 0
57.00 08,767 9,822 9,822
58.00 102,067 100,447 110,239
59.00 105,401 103,734 213,973
60.00 108,770 107,086 321,059
61.00 114,245 111,508 432,566
Device Rouling Invert  Outlet Devices
#1  Primary 56.80' 15.0" Round Culvert)1 0.00 |
L=12.0" RCP, groove end w/headwall, Ke= 0.200
Qutlet Invert= 56.68' S=0.0100" Cc=0.800 n=0.013
#2  Device 1 57.30" 2.5" Vert, Orifice/Grate C=0.600
#3 Device 1 60.00" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary £60.30' 100.0' 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

Primary CutFlow Max=0.00 cfs @ 0.00 hrs HW=56.90" (Free Discharge)
1=Culvert ( Controls 0.00 cfs)
2=0rifice/Grate ( Controls 0.00 cfs)
3=0rifice/Grate { Controls 0.00 cis)

Secondary OutFlow Max=0.00 cfs @ 0.00 hrs HW=5690"' (Free Discharge)
1t 4=Broad-Crested Rectangular Weir ( Controls 0.00 cfs
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BASIN #1 EMERGENCY
SPILLWAY CHECK FOR
10-YEAR STORM EVENT

Ex-Pr

Prepared by Bohler Engineering

Type it 24-hr 10-Year Rainfall=5.40"
Printed 12/4/2017

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Pond 1P: Basin #1

Inflow Area = 11.350 ac, 81.15% Impervious, Inflow Depth= 4.23" for 10-Year event
Inflow = 3259 cfs @ 12.15 hrs, Volume= 4.000 af

Outflow = 2521 cis @ 12.34 hrs, Volume= 4.000 af, Atten=23%, Lag= 11.0 min
Primary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Secondary = 2521 cfs @ 12.34 hrs, Volume= 4.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs / 3

Starting Elev= 60.30" | Surf Area= 110,413 sf Storage= 353,936 cf
Peak Elev=60.52' @ {12.34 hrs Surf.Area= 111,600 sf Storage= 378,012 cf (24,076 cf above start}

Plug-Flow detention time= (not calculated: initial storage excedes outflow)
Center-of-Mass det. time= 31.1 min ( 790.1 - 759.1 )

Volume Invert Avail.Storage  Storage Description
#1 56.90° 432,566 cf Basin #1 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) {sg-ft) (cubic-feef) {cubic-feet)
56.90 97,875 0 0
57.00 98,767 39,822 9,822
58.00 102,067 100,417 110,239
59.00 105,401 103,734 213,973
60.00 108,770 107,086 321,059
61.00 114,245 111,508 432,568
Device Routing Invert  Outlet Devices
#1  Primary 56.80" 15.0" Round Culvertx 0.00 |
L=12.0" RCP, groove end w/headwall, Ke= 0.200
Cutlet Inveri= 56.68' S=0.0100Y Cc=0.800 n=0.013
#2  Device 1 57.30" 2.5" Vert. Orifice/Grate C= 0.600
#3  Device 1 60.00' 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited io weir flow at low heads
#4  Secondary 60.30° 100.0' 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) 2.49 256 2.70 2.69 2.68 2.60 2.67 2.64

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=60.30" (Free Discharge)

1=Culvert ( Controls 0.00 cfs)

2=Qrifice/Grate (Passes < 0.28 cfs potential flow)
3=0rifice/Grate {Passes < 6.45 cfs potential flow)

Secondary OutFlow Max=25.21 cfs @ 12.34 hrs HW=60.52"' (Free Discharge)
=Broad-Crested Rectangular Weir (Weir Controls 25.21 cfs @ 1.16 fps)
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BASIN #2 EMERGENCY
SPILLWAY CHECK FOR

00-Y
Ex-Pr ! EAR STORM EVENT Type Hif 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 8.00 s/n 02612 © 2008 HydroCAD Software Solutions LLC

Summary for Pond 2P Basin #2

Inflow Area = 5.030 ac, 74.35% Impervious, Inflow Depth = 7.10" for 100-Year event
Inflow = 23.75cfs @ 12.16 hrs, Volume= 2.975 ar .

Qutilow = 0.84cfs @ 17.25 hrs, Volume= 0.415 af, Atten=96%, Lag= 305.5 min
Primary = 0.00cfs @ 0.00hrs, Volume= 0.000 af

Secondary = 0.84cfs @ 17.25 hrs, Volume= 0.415 af

fBm.|J‘.i.m:l1_1,_t1.)LD;(_E|;ST.:gInd method, Time Span= 0.00-72.00 hrs, dt=0.01 hrs /3
Peak Elev= 54.65'[@ 17.25 hrs Surf.Area= 46,589 sf Storage= 113,627 cf
Plug-Flow detention time= 794.5 min calculated for 0.415 af (14% of inflow)
Center-of-Mass det. time= 447.8 min { 1,206.9 - 758.0 )

Volume Invert Avail. Storage  Storage Description
#1 52.00' 179,275 cf Basin #2 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feel) {sy-ft) {cubic-feet) {cubic-feet)
52.00 39,333 0 0
53.00 42,052 40,693 40,693
54.00 44 827 43,440 84,132
55.00 47,558 46,193 130,325
56.00 50,343 48,951 179,275
Device Routing Invert  Oudlet Devices
#1  Primary 51.00' 15.0" Round Culvert X 0.00

L=17.0" RCP, groove end projecting, Ke= 0.200
Outlet Invert= 50.66' 3= 0.0200"/ Cc=0.900 n=0.013

#2 Device 1 52.50" 8.0" Vert. Orifice/Grate C= 0.600
#3  Device 1 54.20" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited fo weir flow at low heads
#4  Secondary 54.60' 35.0'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

Primary OutFlow Max=0.00 cfs @ 0.00 hrs HW=52.00" (Free Discharge)
1=Culvert { Controis 0.00 cfs)
2=0rifice/Grate { Controls 0.00 cfs)
3=0Orifice/Grate { Controls 0.00 c¢fs)

Secondary CutFlow Max=0.84 cfs @ 17.25 hrs HW=54.65"' (Free Discharge)
T _4=Broad-Crested Rectangular Weir (Weir Controls 0.84 cfs @ 0.53 fps
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BASIN #2 EMERGENCY
SPILLWAY CHECK FOR

10-YEAR STORM EVENT| 106 11t 24-hr 10-Year Rainfali=5.40"
Printed 12/4/2017

Ex-Pr
Prepared by Bohler Engineering
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Pond 2P: Basin #2

Inflow Area = 5.030 ac, 74.35% Impervious, Inflow Depth= 3.91" for 10-Year event
Inflow = 13.23cfs @ 12.15 hrs, Volume= 1.640 af

Qutflow = 9.86cfs @ 12.36 hrs, Volume= 1.640 af, Atten=26%, Lag= 12.4 min
Primary = 0.00cfs@ 0.00 hrs, Volume= 0.000 af

Secondary = 9.86cfs @ 12.36 hrs, Volume= 1.640 af

Rauting by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, di=0.01 hrs/ 3

Starting Elev= 54.60'] Surf Area= 46,466 sf Storage= 111,520 c¢f
Peak Elev= 54.83' @|12.36 hrs Surf. Area= 47,102 sf Storage= 122,427 cf (10,907 cf above start)

Plug-Flow detention time= (not calculated: initial storage excedes ouiflow)
Center-of-Mass det. time= 35.8 min (796.9- 761.1)

Volume Invert Avail.Storage  Storage Description
#1 52.00' 179,275 c¢f Basin #2 (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) {sqg-f) (cubic-feet) {cubic-feet)
52.00 39,333 0 0
53.00 42052 40,693 40,693
54.00 44 827 43,440 84,132
55.00 47,558 46,193 130,325
56.00 50,343 48,951 179,275
Device Rouling Invert  Qullel Devices
#1 Primary 51.00' 15.0" Round Culvert X|0.00 [

L= 17.0" RCP, groove end projecting, Ke=0.200
Outlet Invert= 50.668' 8=0.0200"" Cc=0.900 n=0.013

#2  Device 1 52.50' 8.0" Vert. Orifice/Grate C= 0.600
#3 Device 1 54.20" 36.0" x 36.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads
#4  Secondary 54.60' 35.0'long x 10.0' breadth Bread-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

Primary OutFlow Max=0.00 ¢fs @ 0.00 hrs HW=54.60' (Free Discharge)
1=Culvert { Controls 0.00 cfs)
2=Qrifice/Grate (Passes < 2.23 cfs polential flow)
3=0rifice/Grate (Passes < 8.93 cfs poiential flow)

Secondary OutFlow Max=9.86 cfs @ 12.36 hrs HW=54.83' (Free Discharge)
=Broad-Crested Rectangular Weir (\Weir Controls 9.86 cfs @ 1.21 fps)
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BASIN #3 EMERGENCY
SPILLWAY CHECK FOR
100-YEAR STORM EVENT
Ex-Pr Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 @ 2008 HydroCAD Software Solutions LLC

Summary for Pond 3P: Basin #3

Inflow Area = 6.840 ac, 43.27% Impervicus, Inflow Depth = 4.65" for 100-Year event
inflow = 20.08 cfs @ 12.16 hrs, Volume= 2.650 af

Ouiflow = 1.37 cfs @ 15.56 hrs, Volume= 0.840 af, Atten= 93%, Lag=203.6 min
Primary = 137 cfs @ 15.56 hrs, Volume= 0.840 af

Routing by Dyn-Stor-ind method, Time Span= 0.00-72.00 hrs, di=0.01 hrs / 3
Peak Elev= 592.3¢' @ 15.56 hrs Surf Area= 55,206 sf Storage= 90,989 cf
Plug-Flow detention time= 594.8 min calculated for 0.640 af (24% of inflow)
Center-of-Mass det. time= 349.8 min ( 1,127.6 -777.7)

Volume Invert Avail.Storage  Storage Description
#1 57.50' 127,089 ¢f Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feat) (sg-ft) {cubic-feet) (cubic-feet)
57.50 39,005 0 , 0
58.00 46,307 21,328 21,328
52.00 53,554 49,931 71,259
60.00 58,107 55,831 127,089
Device Routing Invert Qutlet Devices
#1  Primary 59.30" 35.0'long x 10.0' breadth Broad-Crested Rectangular Weir

llead (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

Primary OutFlow Max=1.37 cfs @ 15.56 hrs HW=58.36" (Free Discharge
T—1=Broad-Crested Rectangular Weir (Weir Controls 1.37 cfs @(0.62 fps)
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BASIN #3 EMERGENCY
SPILLWAY CHECK FOR

10-YEAR STORM EVENT )
Ex-Pr Tvpe Il 24-hr 10-Year Rainfall=5.40"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Summary for Pond 3P: Basin #3

Inflow Area = 6.840 ac, 43.27% Impervious, Inflow Depth = 2.33" for 10-Year event
Inflow = 1047 cfs @ 12.15 hrs, Volurme= 1.329 af

Outflow = 714 cfs @ 12.41 hrs, Volume= 1.329 af, Atten= 32%, Lag= 15.1 min
Primary = 714 cfs @ 12.41 hrs, Volume= 1.329 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, di= 0.01 hrs/ 3

Starting Elev= 59.30' |Surf.Area= 54,920 sf Storage= 87,530 cf
Peak Elev= 59.49' @ 12.41 hrs Surf.Area= 55,778 sf Storage= 97,966 cf (10,437 cf above start)

Plug-Flow detention time= {not calculated: initial storage excedes outflow)
Center-of-Mass det. time= 46.2 min { 814.7 - 768.5)

Volume invert Avail.Storage  Storage Description
#1 57.50" 127,089 cf Custom Stage Data {Prismatic)Listed below (Recalc)
Elevation Surf Area Inc.Store Cum.Store
(feet) {sg-fi) (cubic-feet) {cubic-feet)
57.50 38,005 0 0
58.00 48,307 21,328 21,328
59.00 53,554 49,931 71,259
60.00 58,107 55,831 127,089
Device Routing invert  Qutlet Devices
#1  Primary 59.30' 35.0'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

Primary OutFlow Max=7.14 cfs @ 12.41 hrs HW=59.49' (Free Discharge
T 1=Broad-Crested Rectangular Weir (Weir Controls 7.14 cfs @]|1.08 fps)
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INFILTRATION RATE AND BASIN DRAIN TIME
CALCULATIONS
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Infiltration Rate and Basin

Drain Time Calculation
Per Darcy's Law Q= K*I"A

K= the hydraulic conductivity of soil in feet per second (fps)

K = tested permeability rate in (inch/hour) / (factor of safety * 12 * 3600)
} = the hydraulic gradient {(minimum = 1)

A = The area of infiliration in square feet (sf)

Factor of Safety used =3

For Basin #1

The minimum tested permeszbility rate is 4.7 inch/hour
K= 3.63E-05 fi/s

lminy= 1

A= 97,675 sf

Q=

The total basin storage upto to efevation of 60.30" is 353,936 cf

It would take ahout 353,936/(3.54 x 3600) 5 27.8 hoursjto drain the entire

basln volume via Inflltratlon only.
{This approach is conservative as any discharge from outlet structure

is ignored.)

For Basin #2

the minimum tested permeability rate is 11.8 inch/hour
K= 9.10E-05 fifs

l(min)—_- 1

A= 39,333 sf

Q=

The total basin storage upto to elevation of 54.60' is 111,520 cf

It would take about 111,520/(3.58 x 3600) =|8.7 hours}to drain the entire

basin volume via infiltration only,
(This approach fs conservative as any discharge from outlet structure

is ignored.)

For Basin #3

the minimum tested permeability rate is 20 inch/hour
K= 1.54E-04 it/s

1min= 1.

A= 39,005 sf

Q= cfs

The total basin storage upto to elevation of 53.30' is 87,530 cf

it would take about 87,530/(5.02 x 3600) =[4.0 hourslto drain the entire
basin volume via infiltration only.
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RECHARGE CALCULATIONS
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STORM DRAIN SIZING, CURB CUT CALCULATIONS
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5,143 sf

20,324 sf

The maximum drainage
area is 20,324 sf

5' wide curb cut is
proposed, the depth of flow
is about 3.6 inches, and
velocity is 1.90 fps.




Date: 12/412017
Project:  Toms River, NJ
Project No: JM170508

35 Technology Drive, Warren, NJ 07059 Calculated By:
(908) 668-8300 Checked By: GD

Curb Cut Calculations
Curb Cut#_1

Design Parameters:
Total Drainage Area Tributary to Curb Cut, A .............................. 20,324 sf  or 0.47 ac

Impervious Area .........
Pervious Area...........

Weighted C Value
Impetvious Area using, C =
Pervious Area using, C=

0.78

25-year Rainfall Intensity, / ... ... o i e 7.70 in/hr
(assumes Time in Concenliration = 6 minutes)

CUB WD, B - o o oo oot e e e e e SO0

UMD HEIGI, L - o e et et e et et et e CEE00 or 0.50 ft

Flow Rate Calculations:

Peak Runoff Rale, @=CxJ/xA = _2.82cfs

Using the Kindsvater-Carter Rectangular Weir Equation:
Flow Rate for a Supproseod Wair, @ = 23 C, (2g) ** b o™

Where:
Rectangular Weir Coefficient, C, =0.65

Gravily, g = 32.174 ft%/s

Therefore: " Z
Cepth of Flow, d = (L) ................................ 030% or 3.57n
g

26C,

3
Velocity, V = [ 0 ] ................................ 1.90 fps < 2fps [OK FOR GRASS]

2.3(L+1.8%)

Gabion Dimensions:

Per the Standards for Soil Erosion and Sediment Control in New Jersey dated July 1999, Table 23-1:Gabion dimensions:

e = Table 23-1:Gablon Dimensions @i i
Gabion Thickness (ft} Maximum Ve!ocnty (fps)

172 6 <=— USE THIS SIZE
34 11
1 14

Therefore, use a 6" thick PVC gabion mattress with geotextile fabric for added stability of stormwater runoff,

NOTES:

1. The design storm shall be the same as that required for riprap, riprap size and location, filter, and guality criteria shall be as
outlined below.

2, The design water velocity does not exceed that given in table 23-1.

3. The manning's "n" value used for gabions shall be 0.025.

4, The wire mesh structures are not exposed to abrasion from sand and gravel iransported by moving water.

5. Plastic coaled wire shall be used.

6. All wire mesh structures placed against the bottom of the channel shall be underlain by geotextile or a gravel filter designed
according to the limits outlined in Table 23-1.

7. The rock used to fill basket structures shall be 4" {o 7" angular, block-shaped rock. For wire mesh "maitress"” structures, 3" to 4"

stone may be used provided the mesh opening is small enough to contain the stone. Smaller stone will provide more stone layers "
in the mattress where larger stene would not sufficiently fill the structure's void space.
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PIPE CAPACITY CHECK FOR UNDERGROUND BASIN
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Pipe Capacity Check
for Underground Basin

27" ARUN#3

A
AT
ST

SPP-ES
EFP-S5

The total drainage area to RUN #1 is 2.443 ac.{worst case)
The total drainage area to RUN #2 is 2,106 ac.

The total drainage area to RUN #3 is 2.185 ac.

The pipe capacity for RUN #1 is checked.
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Run #1 (Impervious)

24 inch pipe

Reéc:h A Drainage Diagram for Inlet Capacity RUN#1
S Prepared by Bohler Engineering, Printed 12/4/2017
HydroCAD® 9,00 s/n 02612 © 2009 HydroCAD Scitware Solutions LLC
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Inlet Capacity RUN#1 Type Il 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 2

Summary for Subcatchment 1S: Run #1 (Impervious)

Runoff = 14.78 c¢fs @ 12.15 hrs, Volume= 1.824 af, Depth= 8.98"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt=0. 01 hrs
Type ill 24-hr 100-Year Rainfall 9.20"

Area{ac) CN Description
2.443 98 Paved parking, HSG A
2.443 98 100.00% Impervious Area

Tc Length Slope Velocity Capacily Description
{min) _ (feet) {fifit)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 1S: Run #1 (Impervious)

Hydrograph
16§ Ilef NEERNERE NN I I s |
e SR N i
14 f im:ﬁmeype ”! ,24 -hr100-Year -
SN BRI RN SRS A S ‘__Ra_l_nfall_s_z_o_L
i B R —:~~5+»,‘ﬁ Runoff Area—2 443 ac--
o} 1o i,ilffﬁlBUﬁ?ﬁﬂY?lwﬁéﬂ 8_2_4@_1’__
S N SRR . -_,-m,--mg-?w;-E_nim'm-”l-uwRunoffDep‘ch 8.96"..
= 3—: [ H H H i o H [} E ] E H i
E AT T i Tes10.0min
6—5‘ ________ E - (R S S T U SN SO SOUNNE S SV SIS AL UL N UL DU SRUIE A SUR NI UL L. 4 L Rt A
o NI - R N R SO SIS S S S SO NI S S T ST A
=
=
AL i
oz o

OI 2 4 6 ~a 10 12 14' 16‘18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48'50 52‘ 54 565 58 60 82 64 .66 68 70 72
Time {hours)
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Inlet Capacity RUN#1 Type I 24-hr 100-Year Rainfall=9.20"

Prepared by Bohler Engineering Printed 12/4/2017
HydroCAD® 9.00 s/n 02612 @ 2009 HydroCAD Software Solutions LLC Page 3

Summary for Pond 1P: 24 inch pipe

Inflow Area = 2.443 ac,100.00% Impervious, Inflow Depth= 8.96" for 100-Year event
Inflow = 1478 cfs @ 12.15 hrs, Volume= 1.824 af

Qutilow = 1478 ¢fs @ 12.16 hrs, Volume= 1.788 af, Atten= 0%, Lag= 0.1 min
Primary = 1478 cfs @ 12.16 hrs, Volume= 1.788 af

Routing by Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Peak Elev= 59.97' @ 12.16 hrs Surf.Area= 70 sf Storage= 1,593 cf

Plug-Flow detention time= 24.71mi
Center-of-Mass det. time= 11.9 min ( 761.2 -

ulated for 1.788 af {98% of inflow)
: WATER ELEVATION IS

BELOW GRATE ELEVATION

Volume Invert Avail.Storage  Storage Description
#1 56.91 1,385 cf 24.0" D x 441.0'L Pipe Storage S=0.0010 '/
#2 57.00 245 i 4.00'W x 3.50'L x 3.50'H Prismatoid x 5
1,630 cf Total Available Storage
Device Routing Invert Qutlet Devices
#1  Primary 56.91" 24.0" Round Culvert

L=12.0" RCP, groove end projecting, Ke= 0.200
Outlet Invert= 56.90' 8=0.0008"" Cc=0.900 n=0.013

Primary OutFlow Max=14.78 cfs @ 12.16 hrs HW=59.97" TW=59.36' l (Fixed TW Elev= 59.36") I
1=Culvert (Inlet Controls 14.78 cfs @ 4.70 fps)

50-YFAR WATER ELLEVATION IN
BASIN #1 1S USED FOR TAIL WATER

- | S : [ B Inflow
= 4 78t El Primary
181 -

143
E ] ‘!
| L
12 Eo ;%{g/?
113 ":“‘E' : :
— 10% MMMMM } 7 Ai i Ié;ﬁ ’l NIW t :- ; :' =- I
8 ef | P Round Culvert
E : WAz . P L. N
-3¢ AL s e p=0.013
o S S SRR I P2
F i ; :
3 - $=0.0008 "/
zé, I I ‘///'3?:;’ [V T - w . - - .__..... . - - .
| - ‘g%:f/ -
1" 77 / f// ///é"/ e e e
;.ff. N,

0546dmmmmﬁmmﬁﬁm@&ﬁm%m&@%wmwmmwmwm%%mn
Time (hours)
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SCOUR HOLE DESIGN
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B OH I E Date:  12/5/2017
A : - Project: Grunin

ENGINEERING Project No: __ JM170508

36 Technology Drive, Warren, NJ 07059 Calculated By: AJH
{908) 668-8300 Checked By: JZ

Conduit Outlet Protfection Calculations
Scour Hole #_3

Design Parameters:

Design Storm Flow for 25 Y ear, (. .o it e et e e e e e e e e e
Vertical Dimension of QulEt Pipe, Dy oo oot it e it e et et ae e
Horizontal Dimension of Quitet Pipe, W, o oo e
Tablwater Depth, TW L.
ScourHaole Depth, ¥ (172 Dy o Do) oot i i e e e et e e et e e iaas

Apron Dimension Calculations: Scour holes #1 and #2

Minimum Botltom Width, W, =2W, ... ... . . o e Wy both . | fl
Minimum Bottom Length, L1 =30, . ... oo i e Ly Olh receive 1ess ilow

Minimum Top Width (max side SIope of 3:7) . Wa oo e e e w. =10.00 it |than #3 and have the
Minimum Top Length (max side slope of 31}, La oo oo i L, =12.00ft same outlet pipe size,

IEn
g
o
S
=+

Rip Rap Stone Size Calculations: so the dimensions for
Unit Dicharge, ¢ = QDo = 7.98 cfs per foot scour hole #3 are used.

e Casel: y=1120,

0.0125 g%
™

Apron Thickness, TH = 2xd gy with filterfabric. ... ....... ..o un.. TH= 12in

Median Stone, o5y = = 5.94in Therefore, use g50= 6in

* Casell: y=D,
1.23
Median Stone, g, = 000829 7 _
Tw
Apron Thickness, TH = 2% 5o With flter fabric. ... ...................

]l:: s N
Notes:

. The side slopes shall be 3:1 or flatter.
. The bottom grade shalt be 0.0% (level). -
. There shall be no overfall at the end of the apron or at the end of the culvert.
. Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as dgp.
The largest stone size in the mixture shall be 1.5 times the ds, size. The rip-rap shall be reasonably well graded.
. The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
6. Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.
7. Where the scour hole is 1o be placed within an existing ar proposed waterway:
a. The scour hole sidewalls should be eliminated to maintain a smooth hydraulic line along the waterway bottom
to avoid inviting turbulent flow from a sudden depression in the waterway.
b. If the fiow in the waterway is greater than the flow from the proposed outlet, the rip-rap used to construct the
scour hote should be sized based on the greater flow value according to the standard rip-rap.

BN

[4)]

Footnote:
1. Taitwaler depth shall be the 2 year storm if discharging into a detention basihBBor areas where lailwater cannot be computed, use TW = 0,203,
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[7 B O H L Date: __ 12/5/2017
) Project: Grunin

=l ENGINEERRING Project No: __JM170508
35 Technology Drive, Warren, NJ 07059 Calculated By: AJH
{208} 668-8300 Checked By: JZ .

Conduif Outfet Protection Calculations
ScourHole# _§

Desigqn Parameters:

Design Storm Flow for 25 Year, Q ... ... o i e
Vertical Dimension of Outlet Pipe, Dy . oo vvi i i i it e e
Horizontal Dimension of Qutlet Pipe, Wo « oo oo v i i i oo
Tailwater Depth, T .ottt e e e
ScourHale Depth, ¥ (112 D, Or Do) .o oo i e e

Apron Dimension Calculations:

Minimum Bottom Width, W, =2W, . ... .o e e, W
Minimum Bottom Length, L; =30, . .. oo i i s Ly
Minimum Top Width {max side sfope of 3:1) . Wa o oo it W
Minimum Top Length {max side sfope of 3:1) , L, ..o oot L,

3.00 ft
4,50 ft
7.50 ft
9.00 ft

0o wnn

Rip Rap Stone Size Calculations:
Unit Dicharge, g = Q/0, = 7.85 cfs per foot

e Casel: y=1/2D,
1.33
Median Stone, gz = % = 7.75in Therefore, use d50= 8in
Apron Thickness, TH = 2xd gp with filterfabric . ... .. ........ ... ... TH= 16in

® Casell: y=D,

1.23
Median Stone, d sy = ..D-UU.E%VQ -

Apron Thickness, TH = 2xd g with filterfabric .. ... ... ... .. .

Notes:
. The side slopes shall be 3:1 or flatter.
., The bottom grade shall be 0.0% {level).
. There shall be no overfall at the end of the apron or at the end of the culvert.
. Fifty (50} percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as ds,.
The largest stone size in the mixture shalt be 1.5 times the ds, size. The rip-rap shall be reasonably well graded.
5. The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is
constructed on a bedding of four {4) inches of 3/4 inch clean stone on approved filter fabric material.
6. Rip-rap and filter fabric shall meet the standards of the govemning Seil Conservation District as well as tha
requirements of the tocal municipality.
7. Where the scour hole is to be placed within an existing or proposed waterway:
a. The scour hole sidewalls should be eliminated to maintain a smooth hydraulic line along the waterway bottom
to aveid inviting turbulent flow from a sudden depression in the waterway.
b. I the flow in the waterway is greater than the flow from the proposed outlet, the rip-rap used to censtruct the
scour hofe should be sized based on the greater flow value according to the standard rip-rap.

BN -

Footncte:
1. Taitwater depth shall be the 2 year storm if discharging inlo a detention basihBfor areas where laitwaler cannot be computed, use TW = 0.20,.




TN B OH L Date:  12/6/2017
% @ : Project: Grunin

ENGINEERING Project No:  JM170508
35 Technology Drive, Warren, NJ 07059 Calculated By: AJH
(908) 668-8300 _ Checked By: JZ

Conduit Outlet Protection Calculations
ScourHele# 7 _

Design Parameters:

Design Storm Flow for 28 Year, Q ... .. .. . i i i it e et e e
Vertical Dimension of Cutlet Pipe, D, . ..ot or ittt s st e et er st ierarnans
Horizonizl Dimension of Qullet Pipe, W, ... .o oo e
Tallwater Depth, TW . e s
ScourHale Depth, ¥ (172 Dy Or Do) oo e e e e et e e

Apron Dimension Calculations: Scour holes #4 and #6
Minimum Bottom Width, W, = 2W, . ... i e e W, = 3.00ft hoth receive less flow
Minimum Bottom Length, Ly =30 5 .. vvr i ir et it it ininint i ranaans Ly= 450t

Minimum Top Width {max side SI0p8 0F 31), Wa o oo e e e eenn w, = 7.60 & than #7 and have the

Minimum Top Length (max side sfope of 31}, Ly ..ol Lz = 9.00#t [same outlet pipe size,

Rip Rap Stone Size Calculations: s0 the dimensions for
Unit Dicharge, g = /D, =  5.45 cfs per foot scour hole #7 are used.

s Casel: y=112D,
0.0125 g"*

Median Stone, dgy = W = 4.77in Therefore, use d50= 6in
Apron Thickness, TH = 2xd gy with filterfabric. ., .. ................. TH= 12in
* Casell: y=D,
Median Stone, d 5 = %’i =
Apron Thickness, TH = 2xd 5o with filler fabric . . .. ovov e
=+

T . )
Notes:
. The side slopes shall be 3:1 or flaiter.
2. The bottom grade shall be 0.0% {level).
3. There shall be no overfall at the end of the apren or at the end of the culvert.
4. Fifty (50) percent by weighi of the rip-rap mixture shalt be smaller than the median size stone designated as ds,.
The largest stone size in the mixture shall be 1.5 times the ds; size, The rip-rap shall be reasonably well graded.
§. The thickness of the rip-rap apron may be iwo (2} fimes the median stone diameter provided ihat the apron is
constructed on a bedding of four {4) inches of 3/4 inch clean stone on approved filter fabric material.
6. Rip-rap and filter fabric shall meet the standards of the govering Soil Conservation District as well as the
requirements of the local municipality.
7. Where the scour hole is to be placed within an existing or proposed waterway:
a. The scour hole sidewalls shoutd be eliminated to maintain a smooth hydraulic line along the waterway bottom
to avoid inviting turbulent flow from a sudden depression in the waterway.
b. if the flow in the waterway is greater than the flow from the proposed outlet, the rip-rap used to consfruct the
scour hole should be sized based on the greater flow value according ko the siandard rip-rap.

—

Footnote:
1. Tailwater depth shall be the 2 year storm if discharging into a detention basihB&or areas where tailwater cannot be computed, use TW = 0.20,.
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O H L Date:  12/5/2017
Project: Grunin

ENGINEERING Project No: __JM170508
35 Technology Drive, Warren, NJ 07059 Calculated By: AJH
{908) 668-8300 Checked By: JZ

Conduit Outlet Protection Calculations
ScourHole#_8

Design Parameters:

Design Storm Flowfor 25Year, Q ... oo vun i e ittt
Vertical Dimension of Quilet Pipe, Dy .. oo oo i e
Horizontal Dimension of Qutlet Pipe, W, . ... o i i e
Tailwater Depth, TWV . et e e
ScourMole Depth, y (172 D5 OF D) i r i e e e

Apron Dimension Calculations:

Minimum Bottom Width, W, =2W, ... . i W= 2501
Minimum Bottom Length, £, =30, . ... oo o L= 375ft
Minimum Top Width (max side slope of 3:7) Wo ... oLt Wy = 6.251t
Minimum Top Length (max sideslopeof 3:1) Loy - o oo it L,=750ft
Rip Rap Stone Size Calculations:
Unit Dicharge, g = Q/D, = 1.42 cis per foot
w Casel: y=112D,
133
Median Stone, dz = %ﬂ. = (0.96in Therefore, use d50= 6in
Apron Thickness, TH =2xdg withfilterfabric. .. ....... ... ... ... TH= 12in

¢ Casell; y=D,

1.23
Median Stone, ds; = .QQ@T%_ =

Apron Thickness, TH = 2xd g with filter fabric . . ... .. ... ... oot

T . R
Notes:

1. The side slopes shall be 3:1 or flatter.
2, The bottom grade shall be 0.0% {level).
3. There shall be no overfall at the end of the apron or at the end of the culvert.
4. Fifty (50) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as ds,.
The largest stone size in the mixture shall be 1.5 times the ds, size. The rip-rap shall be reasonably well graded.
5. The thickness of the rip-rap apron may be two (2) times the median stone diameter provided that the apron is
constructed on a bedding of four (4) inches of 3/4 inch clean stone on approved filter fabric material.
6. Rip-rap and filter fabric shall meet the standards of the goveming Soil Conservation District as well as the
requirements of the local municipality.
7. Where the scour hole is to be placed within an existing or proposed waterway:
a. The scour hole sidewalls should be eliminated 1o maintain a smooth hydraulic line along the waterway bottom
to aveid inviting turbulent flow from a sudden depression in the waterway.
b, if the flow in the waterway is greater than the flow from the proposed outlet, the rip-rap used to construct the
scour hole should be sized based on the greater flow value accerding to the standard rip-rap.

Feetnote:
1, Tailwater depth shall be the 2 year storm if discharging into a detention basihBEbr areas where taiwater cannol be computed, use TW = 0.20,.




B O Date:  {12/5/2017
: Project: Grunin

ENGINEERING Project No: __JM170508
35 Technology Drive, Warren, NJ 07059 Calculated By: AJH
{908) 668-8300 Checked By: .JZ

Conduit Outlet Protection Calculations
Scour Hole #i.

Design Parameters:

Design Starm Flow for 25 Year, (... .ottt e et eerrrasenrrrnarransrneenn
Verlical Dimension of Qutlet Pipe, Dy ..o v et e e e e e
Horizontal Dimension of Cutlet Pipe, W, ..o oo
Tailwater Depth, T . L.t e e
ScourHole Depth, ¥ (112 Do OF Do) oo i e et

Apron Dimension Calculations:

Minimum Bottom Width, W, =2W, . ... .o i W, = 167t
Minimum Bollom Length, L, =3D, ... ... . L= 2501ft
Minimum Top Width (max side slope of 3:1), W .. ..o o it W, = 417 it
Minimum Top Length (max side slope of 31}, Lo . oo oo i i i L,= 500ft
Rip Rap Stone Size Calcufations:
Unit Dicharge, g = Q/D, = 4.36 cfs per foot
e Casel: y=1/2D,
1.33
Median Stone, dg = ﬂﬂ% = 1.77in Therefore, use dbd= 6in
Apron Thickness, TH = 2xd s withfilterfabric. . ........ ... ... ... .. TH= 12in

¢ Casell: y=D,

123
Median Stone, dg = 0-00?%1/ -

Apron Thickness, TH = 2xd s with filterfabric. . .....................

kD )
Notes:

. The side slopes shall be 3:1 or flatter.

. The bottom grade shall be 0.0% (level).

. There shall be no overfall at the end of the apron or at the end of the culvert.

. Fiity {60) percent by weight of the rip-rap mixture shall be smaller than the median size stone designated as dg,.

The targest stone size in the mixture shall be 1.5 times the dsg size. The rip-rap shall be reasonabiy well graded.

5. The thickness of the rip-rap apron may be two (2} times the median stone diameter provided that the apron is
constructed on a bedding of four (4} inches 'of 3/4 inch clean stone on approved filter fabric material.

6. Rip-rap and filter fabric shall meet the standards of the governing Soil Conservation District as well as the
requirements of the local municipality.

7. Where the scour hole is 1o be pfaced within an existing or proposed waterway:

a. The scour hole sidewalls should be eliminated to maintain a smeoth hydraulic line along the waterway bottom
to avoid inviting turbulent flow from a sudden depression in the waterway.

b. If the flow in the waierway is greater than the flow from the proposed outlef, the rip-rap used o construct the
scour hole should be sized based on the greater flow value according to the standard rip-rap.

PRI RN

Footnote;
1. Tailwater depth shall be the 2 year storm if discharging into a detention basihfiffor areas where lailwater cannot be computed, use TW = 0.20,,




TOWNSHIP-SPECIFIC REQUIREMENTS EVALUATION
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There are several requirements for the detention and retention facilities design per Toms River and Manchester
Township ordinance.

Per Township of Manchester:

e  Only one half {0.5) of the area devoted to the detention or retention facilities shall be considered non-
impervious.
- Inthis design, the 50% of the basin Area is considered as impervious area (with a CN number of 98)

SATISFIED

»  Retention facilities shall be required to provide one hundred {100%) percent storage capacity for the fifty

(50) year storm.
- Inthis design, all basins are designed so that the 100-year storm event can be managed.

SATISFIED

Per Township of Toms River:

= For detention facilities, the design storm frequency shail be 24 hours storm with return period not less than

50 years for the tributary area not exceeding 50 acres.
- Inthis design, the tributary drainage area to any of the basin is less than 50 acres, and ail stormwater
management basins are designed with Type III 24-hr storm up to the 100-year storm event.

SATISFIED

»  For retention facilities, the required capacity must be doubled.
= In this design, there is no retention facilities proposed in the Township of Toms River.

SATISFIED
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SEDIMENT BASIN DESIGN
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[Tpeme -

35 Technology Drive, Warren, NJ 07059
(908) 668-8300

Sediment Storage Capacity Calculations
Sediment Basin # 1

TRAP EFFICIENCY METHOD:

Sediment type:

Trap efficiency value:

Curve used: {see Curve 26-1)
Ratio of capacity to annual inflow (C/l); {see Curve 26-1)
Average annual surface runoff (R): {see Figure 26-1)

Watershed area (A):

Avergae annual surface runoff, [=Rx A =
12

Total capacity, C=1 % C/l =

SEDIMENT STORAGE CAPACITY METHOD:
1. DETEMINE VOLUME FOR SEDIMENT STORAGE USING METHOD 2
a. Determine drainage area, DA, and average annual erosion, A:
Drainage area, (DA);

Land use type:
Average annual erosion, (A):

(DA) x (A) =

b. Determine delivery rate, DR:
Watershed area (A):
Sediment delivery ratio: (refer to Curve 26-2)
DR = {refer to Curve 26-2)

¢. Determine sediment density, v:
Soil texture: (refer to Table 26-1)
‘Y =

Date:
Project:
Project No:

Calculated By:
Checked By:

d. Determine the minimum volume for sediment storage for the planned life of the structure:

V = (DA} (A) (DR} (TE) (1/) {2,000 Ibsfton) {1/43,560 sffac) =

2. Determine the minimum volume for temporary floodway storage:
2-year, 24 hour Rainfall intensity:
Soil type:
Soil group:
CN:
Volume 2-yr design storm: 56,528 CF
Total volume required (including sediment):

172

11/22/2017
TOMES RIVER
JM170508

Jz
GD

‘Sand (Tjpe.

0.91 Acft

Sand; asrated
92.5 lbs/cf

0.053 Ac ft

3.3 inches

Lakewcod
A
92
1.298 Acit
1.351 Ac it



DETERMINE THE LARGER VOLUME OF THE TWO METHODS:

173

TOTAL VOLUME REQUIRED: 1.351 Ac ft
or 58,830 CF
DEWATERING:
Trap efficiency value: 50%
Curve: {refer to Curve 26-1) Median Grained Curve
Ratio of capacity to annual inflow, (CA): {refer ta Curve 26-1) 0.0135
Average annual surface runoff, (R): {refer to Figure 26-1) 25.0in
Watershed area, (A): : 7.28 Ac.
Avergae annual surface runoff, ISR x A = 15.17 Ac ft
12
Total capacity, C=1xC/l = 0.20 Acft
or 8,919 CF
SEDIMENT BASIN BOTTOM ELEVATION: 51.00
ELEVATION OF SEDIMENT STORAGE:
THE TOTAL VOLUME FROM 51.00 to 53.00: 0.68 Acft
or  28,713CE!
ELEVATION OF EMERGENCY SPILLWAY:
THE TOTAL VOLUME FROM 53.00 to 55.50 : 110 Act
or 48,076 CF
TOTAL VOLUME OF THE SEDIMENTAL BASIN 1.79 Acft
or 77,789 CE
ELEVATION OF 4" DEWATERING ORFICE: 53.00
ELEVATION TOP OF RISER: 54.50
SEDIMENT BASIN # 1
ELEVATION AREA (SF) INCR. VOL. (CF) TOTAL VOLUME (CF)
B 12993
52 4842 13918 13818
53 : 15796 29713
54 17730 47443
55 20731 19721 67164
56 22808 21769 88933



Reach

To Sedime

Nt Basin #1

Sediment Basin #1

Drainage Piagram for Sediment Basin
Prepared by Bohler Engineering, Printed 11/22/2017

i '
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Sclutions LLC
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Sediment Basin Type llf 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 11/22/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 2

Summary for Subcatchment 1S: To Sediment Basin #1

Runoff = 13.72cfs @ 12.16 hrs, Volume= 1.8650 af, Depth= 2.72"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dit= 0.01 hrs
Type lll 24-hr 2-Year Rainfall=3.42"

Area (ac) CN Description
5.820 98 Paved parking, HSG A
1.460 68 <50% Grass cover, Poor, HSG A
7.280 92 Weighted Average
1.460 68 20.05% Pervious Area
5.820 98 79.95% Impervious Area

Tc Length Slope Velocity Capacity Description
{min) __ (feet) (i) (f/sec) (cfs)
10.0 Direct Entry,

Subcatchment 1S: To Sediment Basin #1
Hydrograph
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Sediment Basin Type il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 11/22/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 3

Summary for Pond 1P; Sediment Basin #1

Inflow Area = 7.280 ac, 79.95% Impervious, Inflow Depth = 2.72" for 2-Year event

Inflow = 13.72cfs @ 12.16 hrs, Volume= 1.650 af

Quiflow = 0.48cfs @ 17.22 hrs, Volume= 0.947 af, Atten= 96%, Lag= 303.6 min
Primary = 0.48cfs @ 17.22 hrs, Volume= 0.947 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs /3
Peak Elev= 64.47' @ 17.22 hrs Surf.Area= 19,667 sf Storage= 56,528 cf

Plug-Flow detention time= 853.3 min calculated for 0.947 af (57% of inflow)
Center-of-Mass det. time= 837.7 min (1,610.3 -772.6)

Volume invert Avail.Storage  Storage Description
#1 51.000 88,933 ¢f Custom Stage Data (Prismatic)Listed below (Recalc)
Elevation Surf.Area inc.Store Cum.Siore
(feetl) {sg-ft) {cubic-feet) (cubic-feet)
51.00 12,993 0 0
52.00 14,842 13,918 13,918
53.00 16,749 15,796 29,713
54.00 18,711 17,730 47,443
55.00 20,731 19,721 67,164
56.00 22,806 21,769 88,933
Device Routing Invert Outlet Devices
#1  Primary 52.00' 15.0" Round Culvert

L=110.0" CMP, projecting, no headwall, Ke= 0.200
Outiet Inveri= 51.60' $=0.0036"" Cc=0.900 n=0.011
#2  Device 1 53.00" 4.0" Vert. Orifice/Grate C= 0.600
#3  Device 1 54.50' 15.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads

Primary OutFlow Max=0.48 cfs @ 17.22 hrs HW=54.47' (Free Discharge)
1=Culvert (Passes 0.48 cfs of 6.34 cfs potential flow)
2=0rifice/Grate (Orifice Controls 0.48 cfs @ 5.50 fps)
3=0rifice/Grate ( Controls 0.00 cfs)
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Sediment Basin Type llf 24-hr 2-Year Rainfalf=3.42"

Prepared by Bohler Engineering Printed 11/22/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 4

Pond 1P: Sediment Basin #1
Hydrograph
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OHI.

ENGINEERING

35 Technology Drive, Warren, NJ 07059
{908} 668-8300

Sediment Storage Capacity Calculations
Sediment Basin # 2

TRAP EFFICIENCY METHOD:

Sediment type:

Trap efficiency value:

Curve used:

Ratio of capacity to annual inflow (C/1):
Average annual surface runoff (R):
Watershed area (A):

Avergae annual surface runoff, ISR x A =
12

{see Curve 26-1)
{see Curve 26-1)
(see Figure 26-1)

Total capacity, C=1xC/fl =

SEDIMENT STORAGE CAPACITY METHOD:
1. DETEMINE VOLUME FOR SEDIMENT STORAGE USING METHOD 2
a. Determine drainage area, DA, and average annual erosion, A:
Drainage area, (DA):

Land use type:
Average annual erosion, (A):

(DA) x (A) =

b. Determine delivery rate, DIR:
Watershed area (A):
Sediment delivery ratio:
DR =

{refer to Curve 26-2)
(refer to Curve 26-2)

¢. Determine sediment density, y:
Soil texture:
'Y -

(refer to Table 26-1)

Date:
Project:
Project No:

Calculated By:
Checked By:

d. Determine the minimum volume for sediment storage for the planned life of the structure:

V = (DA) (A) (DR) (TE) (1/) (2,000 Ibs/ton) (1/43,560 sfiac) =

2. Determine the minimum volume for temporary floodway storage:
2-year, 24 hour Rainfall intensity:
Soil type:
Soil group:
CN:
Volume 2-yr design storm:
Total volume required (including sediment):
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Ocean County -

24632 CF

50.0 tonfaclyr

Sandy..

11/22/2017
TOMES RIVER
JM170508
Jz
GD

7.85 Ac ft

0.46 Acft

184 tonsfyr

0.01 sq mi

40%

Sand; astated.

92.5 Ibs/cf

0.029 Ac it

» 3.3 inches
Lakewood

A
92

0.565 Ac ft
0.595 Ac ft



DETERMINE THE LARGER VOLUME OF THE TWO METHODS:

TOTAL VOLUME REQUIRED:

DEWATERING:

Trap efficiency value:

Curve: (refer to Curve 26-1)
Ratio of capacity to annual inflow, (C/1): (refer to Curve 26-1)
Average annual surface runoft, (R): (refer to Figure 26-1)

Watershed area, (A):

Avergae annual surface runoff, I=Rx A =
12

Total capacity, C=1xC/l =

SEDIMENT BASIN BOTTOM ELEVATION:
ELEVATION OF SEDIMENT STORAGE:

THE TOTAL VOLUME FROM 50.00 to 51.00:

ELEVATION OF EMERGENCY SPILLWAY:

THE TOTAL VOLUME FROM 51.00 to 55,50 :

TOTAL VOLUME OF THE SEDIMENTAL BASIN

or

or

or

0.595 Ac ft

or 25,910 CF

50%

Median Grained Curve
0.0135

25.01in

3.67 Ac.

7.65 Act

0.10 Act
4,496 CF

50.00

1.068 Acft
46,205 CF

1.46 Ac ft

or 63,498 CF
ELEVATION OF 4" DEWATERING ORFICE: 51.00
ELEVATION TOP OF RISER: 54.50
SEDIMENT BASIN # 2
ELEVATION AREA (SF) INCR. VOL. (CF} TOTAL VOLUME (CF)
80 L7087

51 18633 - 7860 7860
52 510233 9433 17283
53 11889 11061 28354
54 - 13601 12745 41099
55 15370 14486 55585
71868

56 17196 16283
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Réach

To Sedime

Nt Basin #2

Sediment

Basin #2

Drainage Diagram for Sediment Basin

Prepared by Bohler Engineering, Printed 11/22/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Soiutions [LLC
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Sediment Basin Tvpe Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 11/22/2017
HydroCAD® 9.00 s/n 02612 © 2003 HydroCAD Software Solutions LL.C Page 2

Summary for Subcatchment 28: To Sediment Basin #2

Runoff = B8.93cfs @ 12.16 hrs, Volume= 0.833 af, Depth= 2.72"

Runoff by SCS TR-20 method, UH=Delmarva, Split Pervious/imperv., Time Span= 0.00-72.00 hrs, dt= 0.01 hrs
Type Il 24-hr 2-Year Rainfall=3.42"

Areaf{ac) CN Description
2.940 98 Paved parking, HSG A
0.730 68 <50% Grass cover, Poor, HSG A
3.670 92  Weighted Average
0.730 68 19.89% Pervious Area
2.940 98 80.11% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) __ (feef) (ft/f)  (ft/sec) {cfs)
10.0 Direct Entry,

Subcatchment 25: To Sediment Basin #2
Hydrograph 7

(] gyt
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S . Loy Ty Rainfall=3.42"
] H l H Il ] ﬂ 1 ] It i 1 H 1 £ t 1 - 1 | I i : | ] 3 ] 1 q § t B
| {-od b Runoff Area=3.670.ac.
Tli o i 0 i i RunoffVolume=0833 af
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GO IS S Sdoadbla b Te=10.0 min

Tlibi b CN=68/98
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Time (hours)
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Sediment Basin Type Il 24-hr 2-Year Rainfall=3.42"

Prepared by Bohler Engineering Printed 11/22/2017
HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC Page 3

Summary for Pond 2P: Sediment Basin #2

Inflow Area = 3.670 ac, 80.11% Impervious, Inflow Depth = 2.72" for 2-Year event

Inflow = 693 cfs @ 12.16 hrs, Volume= 0.833 af

Qutflow = 0.52 c¢fs @ 14.56 hrs, Volume= 0.648 af, Atten= 83%, Lag= 144.1 min
Primary = 0.52c¢fs @ 14.56 hrs, Volume= 0.648 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-72.00 hrs, dt= 0.01 hrs / 3
Peak Elev=52.68' @ 14.56 hrs Surf.Area= 11,359 sf Storage= 24,632 cf

Plug-Flow detention time= 586.8 min calculated for 0.648 af (78% of inflow)
Center-of-Mass det. time= 504.5 min {(1,277.0-772.5)

Volume Invert Avail.Storage  Storage Description
#1 50.00' 71,868 ¢f Custom Stage Data {Prismatic)Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
{feet) {sg-ft) {cubic-feet) {cubic-feet)
50.00 7,087 0 0
51.00 8,633 7,860 7.860
52.00 10,233 9,433 17,293
53.00 11,889 11,061 28,354
54.00 13,601 12,745 41,099
£5.00 15,370 14,486 55,585
56.00 17,196 16,283 71,868
Device Routing Invert  Qutlet Devices
#1  Primary 50.00" 15.0" Round Culvert

L=122.0' CMP, projecting, no headwall, Ke= 0.900
Qutlet Invert= 48.51" S=0.0040"" Cc=0.800 n=0.011
#2  Device 1 51.00" 4.0" Vert, Orifice/Grate C= 0.600 .
#3 Device 1 54.50" 15.0" Horiz. Orifice/Grate C= 0.600
Limited to weir flow at low heads

Primary OutFlow Max=0.52 cfs @ 14.56 hrs HW=52.68" (Free Discharge)
1=Culvert {Passes 0.52 cfs of 6.69 cfs potential flow)
2=0rifice/Grate (Orifice Controis 0.52 cfs @ 5.92 fps)
3=0rifice/Grate ( Controls 0.00 cfs)
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Page 4

Printed 11/22/2017

Type Il 24-hr 2-Year Rainfall=3.42"

HydroCAD® 9.00 s/n 02612 © 2009 HydroCAD Software Solutions LLC

Prepared by Bohler Engineering

Sediment Basin

Pond 2P: Sediment Basin #_2

Hydrograph
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LOW-IMPACT DEVELOPMENT CHECKLIST
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APPENDIEIEX A

Low Impact Development Checklist

A checklist for identifying nonstractural stormwater management
strategies incorporated into proposed land development

According to the NJDEP Stormwater Management Rules at N.JA.C. 7:8, the groundwater recharge,
stormwater quality, and stormwater quantity standards established by the Rules for major land development
projects must be met by incorporating nine specific nonstructural stormwater management strategies into
the project’s design to the maximum extent practicable.

To accomplish this, the Rules require an applicant seeking land development approval from a regulatory
board or agency to identify those nonstructural strategies that have been incorporated into the project’s
design. In addition, if an applicant contends that it is not feasible to incorporate any of the specific strategies
into the project’s design, particularly for engineering, environmental, or safety reasons, the Rules further
require that the applicant provide a basis for that contention.

This checklist has been prepared to assist applicants, site designers, and regulatory boards and agencies
in ensuring that the nonstructural stormwater management requirements of the Rules are met. It provides
an applicant with a means to identify both the nonstructural strategies incorporated into the development’s
design and the specific low impact development BMPs (LID-BMPs) that have been used to do so. It can also
help an applicant explain the engineering, environmental, and/or safety reasons that a specific nonstructural
strategy could not be incorporated into the development’s design.

The checklist can also assist municipalities and other land development review agencies in the
development of specific requirements for both nonstructural strategies and LID-BMPs in zoning and/or land
use ordinances and regulations. As such, where requirements consistent with the Rules have been adopted,
they may supersede this checklist.

Finally, the checklist can be used during a pre-design meeting between an applicant and pertinent review
personnel to discuss local nonstructural strategies and LID-BMPs requirements in order to optimize the
development’s nonstructural stormwater management design.

Since this checklist is intended 1o promote the use of nonstructural stormwater management strategies
and provide guidance in their incorporation in land development projects, municipalities are permitted to
revise it as necessary to meet the goals and objectives of their specific stormwater management program and
plan within the Hmits of NJA.C. 7:8.
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Low Impact Development Checklist

A checklist for identifying nonstructural stormwater management
strategies incorporated into proposed land development

Municipality: _Township of Manchester and Township of Toms River

County: _Ocean Date: November 2017

Review board or agency: Toms River Township, Manchester Township, Ocean County, NIDOT, Ocean County SCI,
and NJDEP

Proposed land development name; Proposed Retail Development

' Lot(s): Manchester (2,3.4,5, & 9) Block(s): _Manchester (44)
Toms River (14 & 15) Toms River (505)

Project or application number: _TBD

Applicant’s name: Jaylin Holdings, L.L.C c/o Grunin Properties

Applicant’s addyess: Dove Esplanade Bldg #1, 1027 Hooper Avenue, Toms River, NJ 08753

Telephone: (732) 341-5800 Fax: (732) 505-8018

Email address: _gruninl @verizon.net

Designer’s name: Bohler Engineering (D.F. Wisotsky, P.E.)

Designer’s address; 305 Fellowship Road, Suite 210, Mount Laurel, NJ 08054

Telephone:_(856) 930-4000 Fax:_(856) 930 4001

Email address:  dwisotsky@bohlereng.com

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist « February 2004 - Page A-2
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Part 1: Description of Nonstructural Approach to Site Design

In narrative form, provide an overall description of the nonstructural stormwater management approach
and strategies incorporated into the proposed site’s design. Auach additional pages as necessary. Details of
each nonstructural strategy are provided in Part 3 below.

The site has been designed to minimize the site disturbance, maintain existing natural features, and minimize impervious

coverage, while providing a safe site with appropriate traffic protection measures. In environmentally sensitive portions

of the site, retaining walls have been incorporated into the design to limit the disturbance on-site. The stormwater

drainage system utilizes curb cuts, where appropriate, to eliminate the need for stormwater piping whenever possible.

In addition, the stormwater drainage system proposes three (3) stormwater management basins rather than one (1)

centralized basin. Silt fencing, tree protection fencing, and inlet protection devices have been proposed. The limit of

disturbance will be clearly defined and maintained during construction. Contractors are instructed to

minimize and strictly regulate construction areas, access roads, material and equipment storage areas. In addition,

light weight, rubber tired construction equipment will be used whenever possible, with movements limited to a few

repetitive routes. To minimize the site's impact on the preserved portions of the site during operation, trash compactors

will be utilized to ensure commercial by-products be stored or transported in a confined manner. In addition, trash cans

will be provided at all store entrance locations, as these areas are anticipated to experience high pedestrian traffic.

Trash can collection will also be provided on a daily basis, as described within the site Operations and

Maintenance Manual. Curbed catch basin grates will also be N-eco type, and trash racks will be provided at outlet

structures to reduce the opening areas entering and exiting the stormwater drainage system. Lastly, the proposed

snake barrier and chain link fence, which separate the developed portion of the site and the preserved portion, will

act as a litter fence, to prevent litter from blowing off the site, if any. These measures listed above will provide preventative

source control to ensure that the larger pollutants do not do not make their way into the stormwater drainage system.

New Jersey Stormwater BMP Manual » Appendix A: Low Impact Development Checklist « February 2004 - Page A-3
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Part 2: Review of Local Stormwater Management Requlations

Title and date of stormwater managemernt regulations used in development design:

StormwaterManagementRegulationsN.J.A.C.7:8,dated06/20/1 6andN.J BestManagementPractices,dated04/04, last revised 9/17

Do regulations include nonstructural reguirements?  Yes: v No:

if yes, briefly describe: _As spectfied in N.J.A.C. 7:8-5.3b. Including minimizing impervious surface, maximize

protection of natural drainage features and vegetation, vsing swales to disconnect impervious area, and increasing

time of concentration,

List LID-BMPs prohibited by local regulations: _N/A

Pre-design meeting held? Yes: v/ Date: _Several - See Below No:

Meeting held with: Meetings were held on several dates including 3/19/08, 4/21/08, 7/10/08, 11/18/08 & 7/2/09 with

members of the project team and various members of the NTDEP to discuss the proposed design, Recently the layout

was revised to further reduce impervious cover by approximately 1.90 acres.

Pre-design site walk held? Yes: v Date: _Several - See Below No:

Site walk held with: Site visits were held on several dates including 06/07/09, 06/18/09, 06/26/09, 08/05/09

and 08/24/09 with members of the project team to observe existing site corditions in preparation for the proposed design.

Recently the Jayout was revised to reduce impervious cover by approximately 1.90 acres.

Other agencies with stormwater review jurisdiction:

Name: Township of Toms River, Township of Manchester, and Qcean County

Required approval: _Site Plan Approval

Name: OQcean County Soil Conservation District

Required approval: Soil Erosion and Sediment Control Certification

Name: NIDOT

Required approval: Major Access Permit

New Jersey Stormwater BMP Manual = Appendix A: Low Impact Development Checklist « February 2004 - Page A-4
188




Part 3: Nonstructural Strategies and LID-BMPs in Design

3.1 Vegetation and Landscaping

Effective management of both existing and proposed site vegetation can reduce a development’s adverse
impacts on groundwater recharges and runoff quality and quantity. This section of the checklist helps
tdentify the vegetation and landscaping strategies and nonstructural LID-BMPs that have been incorporated
into the proposed development’s design to help maintain existing recharge rates and/or minimize or prevent
increases in mnoff quantity and pollutant loading,

¢

A. Has an inventory of existing site vegetation been performed? Yes: v No:

If yes, was this inventory a factor in the site’s layout and design? Yes: _ v No:

B. Does the site design utilize any of the following nonstructural LID-BMPs?

Preservation of natural areas?  Yes: __ ¥ No: If yes, specify % of site: __70.0%
Native ground cover? Yes: ¥ No: If yes, specify % of site: _13.3%
Vegetated buffers? Yes:_ v No: If yes, specify % of site: _12.5%

C. Do the land development regulations require these nenstructural LID-BMPs?

Preservation of natural areas?  Yes: No:__ v If yes, specify % of site:
Native ground cover? Yes: No:_ v 1f yes, specify % of site:
Vegetated buffers? Yes: No:_ v If yes, specify % of site:

D. If vegetated filter strips or buffers are utilized, specify their functions:

Reduce runoff volume increases through lower runoff coefficient:  Yes: No: _ v
Reduce runoff pollutant loads through runoff treatment: Yes: No: _ v
Maintain groundwater recharge by preserving natural areas: Yes: No: __ ¥

New Jersey Stormwater BMP Manual - Appendix A: Low Impact Development Checklist « February 2004 - Page A-S
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3.2 Minimize Land Disturbance

Minimizing land disturbance is a nonstructural LID-BMP that can be applied during both the development's
construction and post-construction phases. This section of the checkiist helps identify those land
disturbance strategies and nonstructural LID-BMPs that have been incorperated into the proposed
development’s design to minimize land disturbance and the resultant change in the site’s hydrologic

character.
A. Have inventories of existing site soils and slopes been performed? Yes: _ v No:
If yes, were these inventories factors in the site’s layout and design? Yes: _y/ No:

B. Does the development’s design utilize any of the following nonstructurai LID-BMPs?

Restrict permanent site disturbance by land owners? Yes: ¥ No:

If yes, how: _Approximately 21.7 acres have been preserved for the Northern Pine Snake found on-site. In addition,

a 4' high snake barrier has been provided around the perimeter of the preservation area on-site,

Restrict temporary site disturbance during construction? Yes: __ v No:

If yes, how: Silt fence will be installed prior to construction activities to define the proposed limit of disturbance.

Consider soils and slopes in selecting disturbance limits? Yes: No:

1f yes, how: Approximately 46 4 acres of the 73.4 acre development has been preserved per direction received at
our pre-design meetings with the NJDEP, and development has been limited to those areas outside of this boundary.

In addition, with exception of wetlands areas, the site consists of only Group A soils with the majority of slopes within

the range of 1%%-5%.

C. Specify percentage of site 10 be cleared: _31.3% Regraded: _36.8%

D. Specify percentage of cleared areas done so for buildings: _%:1%

0.0%

For driveways and parking: _9.4% For roadways:

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist » February 2004 » Page A-G
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E. What design criteria and/or site changes would be required to reduce the percentages in C and D above?

The site has been designed to minimize the land area to be cleared by this application, with retaining wall provided

as necessary. The cuirent plans propose parking which meets the minimum number of spaces required by the Applicant
of the building for safe and efficient operation. In order to provide additional reduction in site clearing and impervious
coverage, the size or number of parking spaces would have to be reduced, which will make it impractical to build on this
site after preserving over 46 acres of undisturbed area for pine snake habitat.

F. Specily site's hydrologic soil group (HSG) percentages:

HSG A: _66.8% HSG B: HSG C: HSGD: _ 33.2%

G. Specity percentage of each HSG that will be permanenily disturbed:

HSG A: _35.0% HSG B: HSG C: HSGD: _ 0.0%

H.Locating site disturbance within areas with less permeable soils (HSG C and D) and minimizing
disturbance within areas with greater permeable soils (HSG A and B) can help maintain groundwater
recharge rates and reduce runoff volume increases. In light of the HSG percentages in F and G above,
what other practical measures if any can be taken to achieve this?

Approximately 46.4 acres of the 73.4 acre development has been preserved per direction received at our pre-design

meetings with the NJDEP and development has been limited to those areas outside of this boundary, In addition,

with the exception of wetlands areas classified as H3G D, majority of the site consists of only Group A soils.

1. Does the site include Karst topography? Yes: No: _v

If yes, discuss measures taken to limit Karst impacts:

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist « February 2004 - Page A-7
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3.3 Impervious Area Management

New impervious surfaces at a development site can have the greatest adverse effect on groundwater recharge
and stormwater quality and quantity. This section of the checklist helps identify those nonstructural
strategies and LID-BMPs that have been incorporated inte a proposed development’s design to
comprehensively manage the extent and impacts of new impervious surfaces.

A. Specify impervious cover at site: Existing: 2.0% Proposed: 15.4%

B. Specify maximum site impervious coverage allowed by regulations: _65% (Manchester) Not Specified (Toms River)

C. Compare proposed street cartway widths with those required by regulations:

N/A - Commercial Development

Residential access — low intensity

Residential access — medium intensity

Residential access -- high intensity with parking

Residential access — high intensity without parking

Neighborhood

Minor collector — low intensity without parking

Minor collector — with one parking lane

Minor collector — with two parking lanes

Minor collector — withour parking

Major collector

D. Cormpare proposed parking space dimensions with those required by regulations:

Proposed: __10'x 20" Manchester Regulations: __10'x 20 Manchester
9'x 18" Toms River 9" x 18" Toms River

E. Compare proposed number of parking spaces with those required by regulations:

Proposed: _ 606 Regulations: _582

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist « February 2004 - Page A-8
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F. Specify percentage of total site impervious cover created by buildings: 4-2%

By driveways and parking: _11.1% By roadways: __ 0.0%

G. What design criteria and/or site changes would be required to reduce the percentages in F above?

The site has been designed considering the allowable impervious coverage on-site and the Applicant's design

requirements for safe and efficient operation based upon their experience throughout New Jersey.

H. Specify percentage of total irpervious area that will be unconnected:
Total site: _0% ___ Buildings: 0% Driveways and parking: 7.4% Roads: _0%

Minimal impervious areas have been unconnected because the proposed snake barrier separating the proposed and
preserved portions of the site will not allow sheetflow runoff from the impervious areas to the pervious areas.

1. Specify percentage of total impervious area that will be porous:

Total site: _0% Buildings: _ 0% Driveways and parking: _0% Roads: _0%
J. Specify percentage of total building roof area that will be vegetared: ___ 0%
K. Specify percentage of total parking area located beneath buildings: 0%

No parking has been proposed beneath the building because the Seasonal High Groundwater on-site limits the depth of
excavation and the maximum building height specified by the township restricts the height of the building.

L. Specify percentage of total parking located within mulii-level parking deck: _ 0%

New Jersey Stormwater BMP Manual « Appendix A: Low Impact Development Checklist - February 2004 « Page A-9
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3.4 Time of Concentration Modifications

Decreasing a site’s time of conceniration (Tc) can lead directly to increased site runoff rates which, in turn,
can create new and/or aggravate existing erosion and flooding problems downstream. This section of the
checklist helps identify those nonstructural strategies and LID-BMPs that have been incorporated into the
proposed development’s design to effectively minimize such Tc decreases.

When reviewing Tc modification strategies, it is important to remember that a drainage area’s Tc should
reflect the general conditions throughout the area. As a result, Tc modifications must generally be applied
throughout a drainage area, not just along 2 specific Tc route.

A. Specify percentage of site’s total stormwater conveyance system length that will be:

Storm sewer: __81.0% Vegetated swale: _ 4.7% Natural channel: _ 0.0%

Stormwater management facility: _ 143% Other: _ 0.0%

| Note: the total length of the stormwater conveyance system should be measured from the site’s
downstream property line to the downsiream limit of sheet flow at the system’s headwaters.

B. What design criteria and/or site changes would be required to reduce the storm sewer percentages and
increase the vegerated swale and natural channel percentages in A above?

The stormwater drainage system on-site proposes three (3) small basins, rather than one (1) centralized basin.
Incorporating additional vegetated swales in the stormwater drainage system would eliminate some of the
stormwater basins on-site, reduce the amount of proposed landscape, which was designed in accordance with the
applicable ordinance (Manchester/TornsRiver), and require additional disturbance. In addition, the minimal

slopes and overall grade chanpe are not conducive to swale design, and space is further limited due to the proposed

snake barrier required by the NJDEP ordinance (toms River and/or Manchester)

C. In conveyance system subareas that have overland or sheet flow over impervious susfaces or turf grass,
what practical and effective site changes can be made to:

Decrease overland flow slope: _All areas of the site have been designed to minimize slopes on-site. Within

impervious areas, the curbline has been designed at 1% slope, and other areas to 1.5%. Decreasing slopes further

may create potential ponding issues, which may negatively impact site safety.

Increase overland flow roughness: The developed portion of the site will experience minimal overland flow.

Those areas that do experience overland flow have been planted in accordance with applicable landscaping.

New Jersay Stormwater BMP Manual = Appendix A: Low Impact Development Checklist » February 2004 = Page A-10
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3.5 Preventative Source Controls

The most effective way to address water quality concerns is by pollution prevention. This section of the
checklist helps identify those nonstructural strategies and LID-BMPs that have been incorporated into the
proposed development's design to reduce the exposure of pollutants to prevent their release into the
stormwater runoff.

A. Trash Receptacles

Specify the number of wash receptacles provided: 3

Specify the spacing between the trash recepracles: 1 per tenant

Compare trash receptacles proposed with those required by regulations:

PI’OPOSEdZ 8 Regula[ions; Not Specified

B. Pet Waste Stations

Specify the rumber of pet waste stations provided: ___ 0

Specify the spacing between the pet waste stations: ___N/A

Compare pet waste stations proposed with those required by regulations:

Proposed: 0 Regulations: Not Specified

C. Inlets, Trash Racks, and Other Devices that Prevent Discharge of Large Trash and Debris

Specify percentage of total inlets that comply with the NJPDES storm drain inlet criteria: __100%

D. Maintenance
Specify the frequency of the following maintenance activities:

Street sweeping: Proposed: __Once a month Regulations: __Not Specified

Liteer cotlection: Propased: _Once a day Regulations: __ Not Specified

Identily other stormwater management measures on the site that prevent discharge of large trash and
debiis:

The proposed snake barrier and chain-link fence provided along the perimeter of the preserved portion of the site

will also act as a litter fence to contain debris within the maintained portion of the property.

New Jersey Stormwater BMP Manuzl » Appendix A: Low Impact Development Checklist « February 2004 « Page A-11
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C

E. Prevention and Containment of Spills

Identify locations where pollutants are located on the site, and the features that prevent these pollutants

from being exposed to stormwater runoff:

Pollutant: __ WA Location: _ VA

Feature utilized to prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutant: _ NA Location: N/A

Feature utilized to prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutant; _ N/A Location: N/A

Feature utilized to prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutant; _ N/A Location: NA

Feature utilized to prevent pollutant exposure, harmful accumulation, or contain spills:

Pollutane; _ N/A Location: N/A
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Part 4: Compliance with Nonstructural Requirements
of NJDEP Stormwater Management Rules

1. Based upen the checklist responses above, indicate which nonstructural strategies have been incorporated
into the proposed development’s design in accordance with NJ.A.C. 7:8-5.3(b):

Protect areas that provide water quality benefits or areas particularly
susceptible to erosion and sediment loss.

<

Minimize impervious surfaces and break up or disconnect the flow of runoff
over impervious surfaces.

Maximize the protection of natural drainage features and vegetation.

Minimize the decrease in the pre-construction time of concentration.

Minimize land disturbance including clearing and grading.

Minimize soil compaction.

AN ERNELNENES

Provide low maintenance landscaping that encourages retention and planiing

of native vegetation and minimizes the use of lawns, fertilizers, and pesticides.

<

Provide vegetated open-channel conveyance systems discharge into and
through stable vegetated areas.

Provide preventative source controls,

2. For those strategies that have not heen incorporated into the proposed development’s design, provide
engineering, environmental, and/or safety reasons. Attached additional pages as necessary.

The stormwater drainage system on-site proposes three (3) small basins, rather than one (1) centralized basin.

Incorporating additional vegetated swales in the stormwater drainage system would eliminate some of the

stormwater basins on-site, reduce the amount of proposed landscape, which was designed in accordance with the

applicable ordinance (Manchester/Toms River), and require additional disturbance. In addition, the minimal

slopes and overal] grade change are not conducive to swale design.
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C. Maps & Documentation

+ Location Map

¢+ USGS & HUC14 Location Map

+ Soil Map

¢ Drainage Area Maps
» Existing Drainage Area Map
» Proposed Drainage Area Map
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LOCATION MAP
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LOCATION MAP

SCALE: 1" = 500
SOURCE: GIS PARCEL DATA MAPS
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USGS & HUC14 LOCATION MAP
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T8 AVES TR

; UsGS MAP

SCALE: 1" = 2,000'
SOURCE: USGS KESWICK GROVE QUADRANGLE
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HYDROLOGIC UNIT
CODE (14 DIGIT)

;ﬁ%ﬁﬁ—i
02040301080050

WATERSHED
MANAGEMENT AREA
NO.

13

WATERSHED
MANAGEMENT AREA
NAME

Barnegat Bay

WATER REGION NO.

3

WATER REGION
NAME

Atlantic Coast

SUB-WATERSHED ID

13GAOS

SUB-WATERSHED
NAME

Wrangel Brook (below Michaels Branch)

WATERSHED ID 13GA
WATERSHED NAME | Toms River (below Oak Ridge Parkway)
Acres 5,932.67266959992

Huc12

020403010304
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SOIL MAP
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Hydrologie Soil Group—0Ocean County, New Jersey

Hydrologic Soil Group

AtsA

Atsion sand, 0 to 2 AID 20.3
percent slopes

28.0%

LakB

Lakehurst sand, 0to 5 {A 27.9
percent slopes

38.6%

LasB

Lakewood sand, 0to 5 |A 20.8
percent slopes

28.8%

MumA

Mellica sandy loam, O to |A/D 33
2 percent slopes

4.6%

Totals for Area of Interest 72.4

100.0%

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 runcff 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 fexture 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
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
theroughly 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 scils have a very slow rate of water transmissjon.

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. Cnly the soils that in their
natural condition are in group D are assigned to dual classes.

usDa  Natural Resources Web Soil Survey
8 Conservation Service National Cooperative Soil Survey
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Hydrolegic Soil Group—QOcean County, New Jersey

Rating Options

Aggregation Method: Dominant Condition
Component Percent Cufoff: None Specified
Tie-break Rule: Higher

usha  Natural Resources Web Soil Survey
%  Conservation Service National Cooperative Soil Survey
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DRAINAGE AREA MAPS
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