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1.0 SUMMARY OF REQUIREMENTS 
 
 

This Storm Water Pollution Prevention Plan (SWPPP) has been prepared in conjunction with the 
design for the proposed Central Hudson Gas and Electric Corporation Training Center and Primary 
Control Center (PCC). The project site is currently a vacant lot located on N.Y.S. Route 9W in the 
Town of Ulster, Ulster County, New York. The project site will be accessed from the existing Central 
Hudson Gas & Electric Kingston Facility located along the southerly property line on the adjacent 
parcel. The secondary emergency access to the site will be provided from Eastern Parkway located 
along the northerly property line. 

The proposed improvements will include construction of a Training Facility Building, PCC Building, 
Training Annex Building, Outdoor Pole Yard, Gas Village and associated driveways and parking 
areas.  

The proposed improvements will result in approximately 28.7 acres of disturbance, and therefore will 
exceed the threshold which requires preparation of a stormwater pollution prevention plan (SWPPP) 
in conformance with the New York State Department of Environmental Conservation (NYSEC) 
general permit for stormwater discharges from construction activities (GP-0-15-002). The proposed 
design meets all permit requirements for water quality treatment and runoff quantity control in 
conformance to the current Stormwater Design Manual.  

This SWPPP includes the applicable General Permit, in addition to all necessary elements in order to 
comply with the National General Permit for Construction Activities administered by the New York 
State Department of Environmental Conservation (NYSDEC) via the State Pollution Discharge 
Elimination System (SPDES) General Permit for Stormwater Discharges from construction activity. 
This SWPPP shall be implemented upon the start of construction activities. In order for the project to 
obtain coverage under this SPDES General Permit, the SWPPP must contain the following 
requirements: 
 

1. Certifications for the Owner, Operator, and Subcontractors must be included in the SWPPP. 
The Owner is defined as the permittee with operational control over construction plans and 
specifications. The Operator is defined as the permittee with day-to-day operational control over 
activities necessary to ensure compliance with the SWPPP. The Subcontractor is defined as 
anyone employed by the Operator to carry out construction activities. Certifications are provided 
in Appendix III of the SWPPP. 

 
2. A Notice if Intent (NOI) must be submitted to the NYSDEC prior to the initiation of construction 

activity covered by the General Permit. Construction activities may begin five (5) days after 
receipt of the complete NOI by the NYSDEC. The Notice of Intent is provided in Appendix II. 

 
3. Stormwater pollution prevention controls for construction activities must be implemented and 

must conform to the “New York Standards and Specifications for Erosion and Sediment Control”. 
The stormwater pollution prevention controls proposed for this project are presented in Section 
3.0. 

 
4. An inspection and maintenance plan must be developed and implemented. This inspection and 

maintenance plan is presented in Section 5.0. 
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5. The SWPPP must identify any authorized non-stormwater discharges that are combined with 
stormwater discharges and implement a system of controls to provide appropriate pollution 
prevention measures to these components of the discharges. Non-stormwater discharges and 
appropriate controls are discussed in Section 4.0. 

 
6. Construction activity records must be completed and maintained. 

 
7. After final stabilization of the construction site, a Notice of Termination (NOT) shall be 

submitted to the NYSDEC. The NOT is provided in Appendix V.   
 

8. The SWPPP and all construction records must be retained for a period of at least 5 years 
following final stabilization and the filing of the NOT. A copy of the SWPPP and all pertinent 
records shall be maintained at the construction site during the duration of construction activity. 

 
 
Additional requirements under the General Permit that are not included as part of this SWPPP include the 
following: 
 

1. The owner or operator shall maintain a copy of the General Permit (GP-0-15-002), NOI, NOI 
Acknowledgement Letter, SWPPP, MS4 SWPPP Acceptance Form and inspection reports at the 
construction site until all areas have achieved final stabilization and the Notice of Termination 
has been submitted to the Department. The documents must be maintained in a secure location, 
such as a job trailer, on-site construction office, or mailbox with lock; that is accessible during 
normal working hours to an individual performing a compliance inspection. 

 
2. The Owner and Operator must allow access to the construction site by the NYSDEC. 
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2.0 SITE DESCRIPTION 
 
2.1 Site Characteristics 
 

2.1.1    Physical Properties 
 

The Site construction drawings prepared in conjunction with this project are also part of the SWPPP.  
See plans for Central Hudson Gas and Electric Training Center, dated July 30, 2019, last revised 
September 24, 2019. 
 
Appropriate measures need to be taken to eliminate the potential for any pollutants to be transported 
by stormwater. The major construction activities involved are site grading, paving, the installation of 
utilities and storm drainage system, site lighting and landscaping in order to facilitate construction of 
the buildings and parking areas for the proposed Central Hudson Gas and Electric Training Center. 
  
Project location: 2229 – 2271 Route 9W, Town of Ulster, Ulster County, New York. The UTM 
coordinates for this site are X=283829 and Y=4650181. The receiving waters are the Esopus Creek. 
 
The project site is currently a vacant wooded site with irregular topography. 
 
Site Soils:  
 
Map 
Unit 
Symbol 

Map Unit name Soil Description Hydrologic  
Soil Group 

Cc Canandaigua Silt Loam Poorly and very poorly drained “D” 

FAE Farmington-Rock outcrop 
complex, steep 

Well Drained, Somewhat Excessively 
Drained 

“C” 

PlB Plainfield loamy sand, 0 to 
8 percent slopes 

Excessively Drained “A” 

PrC Plainfield-Rock outcrop 
complex, rolling  

Excessively Drained “A” 

Ra Raynham silt loam Poorly drained “C” 

RhA Rhinebeck silt loam, 0 to 3 
percent slope 

Somewhat poorly drained “D” 

RvA Riverhead fine sandy 
loam, 0 to 3 percent slope 

Well drained “B” 

STD Stockbridge-Farmington-
rock outcrop complex, 
hilly 

Well drained “B” and “C” 

WsA Williamson silt loam, 0 to 
3 percent slopes 

Moderately well drained “C” 

WsB Williamson silt loam, 3 to 
8 percent slopes 

Moderately well drained “C” 
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Rainfall information – The average annual rainfall for the area is 50.73” per information included in 
Urban Hydrology for Small Watersheds.  The reported highest monthly rainfall amounts from 
locations in the vicinity of the project have occurred during the during the month of September. 

 
The entire project contains 56.51 acres and the total area of disturbance is approximately 28.7 acres. 
The initial runoff coefficients for existing conditions on site range from CN=70 to CN=72. The post 
construction runoff coefficients will range from CN = 71 to CN = 90.  
 
 
2.1.2 Wildlife 
 
According to the New York State Department of Environmental Conservation (NYSDEC) 
Environmental Resource Mapper the project site contains the Northern Long-eared Bat. 
 
 
2.1.3 Historical and Cultural Resources 
 
Based on the New York State Office of Parks, Recreation and Historic Preservation (OPRHP) web 
site information, there is no evidence of any historic period structures within the project area.  

 
 
2.2 Description of Receiving Waters 
 

There is a Federal Wetland located on the project site. The receiving waters have been identified as 
the Esopus Creek. The Esopus Creek, Lower, Main Stem is a TMDL and 303(d) listed waterway. 
However, since the 303(d) classification is only assigned to the Main Stem and the Central Hudson 
site does not discharge directly to the Esopus Creek, the additional inspection requirements of GP-0-
15-002 Part IV.c.2.e do not apply. Stormwater runoff generated within the project site is directed 
through inlets and culverts into proposed Detention Basin and Pocket Pond (P-5) on site. Detention 
Basin and Pocket Pond are designed to mitigate increases in post-development rates of runoff. 
Proposed Bioretention Practices and Pocket Pond on site will provide the required water quality 
treatment. 
 

 
2.3 Construction activities   

 
Construction activities will involve site preparation necessary for construction of the foundations for 
the on-site structures, building of the access driveways and parking areas, installation of the 
necessary underground utilities and construction of the stormwater management features. These 
activities primarily include: clearing and stripping of vegetation, excavating, hauling within site and 
stockpiling of top and subsoils, and trenching and rough grading. 
 
Soil erosion and sediment control measures will be installed prior to commencement of any 
significant soil disturbing activities and will remain in place until final site stabilization is complete. 
Topsoil which must be excavated for site development will be separated from the remaining soil and 
stockpiled on-site for use during site landscaping. These are discussed in the following section. 
Stockpiled soil will be surrounded by silt fence and seeded to prevent the mobilization of sediment. 
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2.4 Storm Water Discharges 
 

The proposed stormwater management has been designed to conform to the guidelines established in 
the New York State Stormwater Design Manual, January 2015 in order to achieve conformance with  
NYSDEC regulations. 
 
2.4.1 Stormwater Quantity Control 
 
The proposed Detention Basin and Pocket Pond (P-5) will provide stream channel protection by 
providing 24-hour extended detention of the one-year, 24-hour storm event and will attenuate the 
post-development 10-year and 100-year peak discharge rates to predevelopment rates. 
 
2.4.2 Stormwater Quality Treatment 
 
Proposed Bioretention Practices, which are identified as a standard SMPs with runoff reduction 
capacity (RRv), will provide a portion of the water quality treatment and the minimum required 
runoff reduction volume from the newly constructed impervious areas. Proposed Bioretention 
Practices will capture and temporarily store the required water quality volume (WQv). Pocket Ponds 
(P-5) identified as a Standard SMPs, will provide the balance of the required water quality treatment 
from the newly constructed impervious areas.  
 
 

2.5 Project schedule: Sequence of Major Activities  
 

Construction is scheduled to begin in January of 2020 and extend for approximately three (3) years. 
In accordance with New York Guidelines for Urban Erosion and Sediment control, there shall be no 
more than five (5) acres of disturbed soil at any one time without prior written approval from the 
MS4. At a minimum, the Owner or operator must comply with the following requirements in order to 
be authorized to disturb greater than five (5) acres of soil at any one time:  

a. The Owner or operator shall have a qualified inspector conduct at least two (2) site 
inspections in accordance with Part IV.C. of General Permit (GP-0-15-002) every seven (7) 
calendar days, for as long as greater than five (5) acres of soil remain disturbed. The two (2) 
inspections shall be separated by a minimum of two (2) full calendar days. A qualified 
inspector shall conduct at least one (1) inspection of the facility every seven (7) calendar days 
when less than five (5) acres of soil remains disturbed. 

b. In areas where soil disturbance activities has temporarily or permanently ceased, the 
application of soil stabilization measures must be initiated by the end of the next business day 
and completed within seven (7) days from the date the current soil disturbance activities 
ceased. The soil stabilization measures selected shall be in conformance with the technical 
standard, New York State Standard and Specifications for Erosion and Sediment Control, 
dated August 2005. 

c. The Owner or operator shall prepare a phasing plan that defines maximum disturbed area per 
phase and shows required cuts and fills. 

d. The Owner or operator shall install any additional site specific practices needed to protect 
water quality. 
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Construction activities are to be scheduled as follows: 
 

• Construction activities may begin 5 days after receipt of completed NOI and MS4 SWPPP 
acceptance form posted by the NYSDEC. 
 

• Conduct preconstruction conference at the project location with the operator and the project engineer 
to review the requirements of GP-0-15-002, including posting of the required documentation and 
location where the SWPPP will be maintained on site. 

 
• Construct temporary construction exit points at locations shown on the plans, for construction traffic, 

 by installing stone per the construction access detail. 
 

• Dust onsite shall be minimized by spraying water on dry areas of the site. If the majority of mud or 
dirt is not removed from existing traffic, hose bibs shall be provided at construction traffic points and 
vehicle tires shall be washed before exiting on public roads. Silt from this washing operation shall be 
intercepted and trapped before wash water is allowed to be discharged offsite. The use of oils and 
other petroleum based or toxic liquids for dust suppression is prohibited. 

 
• Install silt fence along the downhill perimeter of planned land disturbance in the locations indicated 

on the grading and erosion control plan.  
 

• Rough grade the proposed roadway to the lines and grades on the grading plan. Stabilize hardscape 
areas by installing item 4 base course. Vegetate disturbed soil areas not to be subject to additional 
disturbance within 7 days.  

 
• Silt fence should be installed around any temporary soil stockpiles. If these stockpiles are not to be 

used within 7 days they should be temporarily seeded and mulched. 
 

• Provide rough grading for the proposed Bioretention Areas. These areas to be used as temporary 
sediment traps during the construction. These areas to be initially excavated only to the proposed 
finished top grade of these facilities. Excavation to the basin bottoms and installation of the planting 
material and underground collection systems should be deferred until all contributing areas have been 
stabilized. Provide rough grading for proposed Pocket Ponds. The ponds to be used as temporary 
sediment traps during construction. Installation of any plant material below water line in the Pocket 
Ponds should be deferred until all construction areas have been stabilized to facilitate periodic 
removal of the sediment. 
 

• Construct proposed Detention Basin and Pocket Ponds. Install overflow catch basins, discharge 
culverts and rip rap outlet protection.  
 

• Rough grade the site to the lines and grades indicated on the grading plan. Stabilize hardscape areas 
by installing item 4 base course. Vegetate disturbed soil areas not to be subject to additional 
disturbance within 7 days. 
 

• Construct proposed stormwater collection system that discharges to proposed Bioretention Practices, 
Pocket Ponds and Detention Basin including rip rap outlet protection. Inlet protection as indicated in 
the detail is to be installed around catch basins. Top of grate elevations shall initially be set at top of 
binder elevation in order that inlets will function during construction. Grates area to be subsequently 
raised to match top course elevation at completion of paving.  
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• Install building footings/foundations and install gas, water and sewer below paved areas to buildings. 

Install footing drains. 
 

• Upon completion of the building footings/foundation and site utilities, construct curbing necessary to 
direct runoff into catch basins or stormwater management practices. Install asphalt binder to within 
20 feet of proposed building and stabilize all areas not subject to construction within 7 days. 
 

• Commence building exterior construction. 
 

• Upon completion of building exterior, install balance of asphalt binder, risers shall be installed to 
raise frame and grate of catch basins to finished grade. Install final pavement as shown on the plans.  
 

• All disturbed areas which are to be landscaped shall be immediately stabilized by seeding and 
mulching using permanent seeding procedure. Slopes equal to or steeper than 3h:1v shall be 
stabilized with north american green "C125" double net erosion control blanket (install per 
manufacturer's recommendations). 
 

• Remove all silt fences and clean the stormwater collection system. 
 

• Records retention for 5 years after filing NOT. 
 
 
3.0  STORM WATER POLLUTION PREVENTION CONTROLS 
  

The Construction General Permit (CGP) requires that the SWPPP provide a description of 
appropriate controls and measures that will be implemented during construction as well as 
controls and measures that will operate after construction is complete. The permit also 
requires that plan to clearly describe for each major construction activity: the appropriate 
control measures to be used, the timing as to how the plan shall be incorporated into the 
construction process and the Permittee responsible for implementation. 
 
There are several principles of erosion and sediment control outlined in EPA guidelines and 
the “The New York Standards and Specifications for Erosion and Sediment Control.” It is the 
Sub-Contractor’s responsibility to incorporate the specifics of this plan into practice and to 
apply the principles of erosion and sediment control to prevent stormwater pollution and a 
discharge of sediment from the construction site. The principles of erosion and sediment 
control are:  
 
• Fit the activity to the topography and soils; 
• Minimize the disturbed area and duration of exposure; 
• Stabilize disturbed areas immediately; 
• Retain or accommodate runoff; 
• Retain sediment; and 
• Do not encroach upon water resources. 
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The principal pollutant source expected to be generated from the Project is sediment. The 
Erosion and Sediment Controls described in this plan are designed to minimize the impacts 
from this pollutant.  
 
The following section describes the erosion and sediment controls that will be used during the 
construction process, the permanent stormwater management practices, which will be 
employed at the site during construction, and other control practices which will be used to 
minimize stormwater pollution. Project Plans are provided in Appendix IX. 

         
 

3.1 Timing of Controls and Construction Activities 
 

The sequence of construction activities and the timing of the installation of Erosion and 
Sediment Controls are described in Section 2.5 and on the Project Plans prepared for this 
project. 

       
 

3.2 Erosion and Sediment Controls 
 

This section presents the Erosion and Sediment Controls to be utilized during construction, 
which are designed to keep sediment on site. Erosion and Sediment Controls can be further 
subdivided into two categories: 
Stabilization controls and structural controls. 
 
 

3.2.1 Stabilization Controls 
 

A fundamental principal for preventing erosion and controlling sedimentation is to 
minimize the extent of land disturbance. For areas where disturbances cannot be avoided, 
rapid stabilization of the surface is the most effective method of controlling erosion. Areas 
that are disturbed during construction activity must be stabilized as soon as practicable. A 
land surface that is stabilized resists the erosive action of stormwater runoff. 

 
The Construction General Permit requires that stabilization measures be initiated as soon 
as practicable in portions of the site where construction activities have permanently or 
temporarily ceased, but in no case more than 14 days after the construction activity in that 
portion of the site has stopped. There is one exception to this requirement. When snow 
cover precludes the initiation of stabilization within 14 days, then such measures shall be 
undertaken as soon as practicable.  
 
Because of the requirement that stabilization activities be initiated on disturbed surfaces 
within 14 days of the cessation construction activities, the General Permit also requires 
that records be retained as part of the SWPPP. The records should include the dates of 
major grading activities, cessation and initiation of construction activities, and initiation of 
stabilization measures. 
 
Stabilization measures will include the following: 
• Temporary seeding; 
• Permanent seeding; 
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• Permanent plantings; 
• Mulching; 
• Geotextiles;  
• Protection of Trees and Mature Vegetation 

 
Below are descriptions of stabilization measures that will be used during project construction: 
 

• Temporary Seeding – Within 14 days after construction activity ceases on any 
particular area, all disturbed ground where there will not be construction for longer 
than 14 days must be seeded with fast-germinating temporary seed and protected with 
mulch. 

 
• Permanent Seeding – All areas at final grade must be seeded within 14 days after 

completion of the major construction activity. Except for small level spots, seeded 
areas should generally be protected with mulch. 

 
• Permanent Plantings – At the completion of the Project, the contractor shall install and 

adequately establish all planting as required. 
 
• Mulching – Mulching refers to the placement of material, including but not limited to 

grass, wood chips, straw, and gravel, on the soil surface to cover and hold in place 
disturbed soils.  This practice is often complementary to seeding practices. 

 
• Geotextiles – Geotextiles are porous fabrics known in the construction industry as 

filter fabrics, road rugs, synthetic fabrics, construction fabrics, or simply fabrics. 
Geotextiles can be manufactured from synthetic or natural materials. Geotextiles are 
used for filtration, reinforcement, material separation, mattings, drainage applications, 
and erosion control. For sediment and erosion control applications, they are most 
commonly used as mattings to stabilize flow in channels and swales and on recently 
planted slopes, and as separators to prevent the migration of sediments into other 
layers such as could occur from soil into adjacent rip rap. 

 
• Protection of Trees and Mature Vegetation – Natural vegetation shall be preserved 

whenever possible, but especially on steep slopes, near perennial and intermittent 
watercourses or swales, and on sites in wooded areas. Preserving natural and mature 
vegetation can save money, beautifies areas, provides buffer and habitat and reduces 
soil erosion. Erosion and Sediment Control Barriers shall be sued to prevent 
equipment from damaging areas designated for preservation. Special care should be 
taken with mature trees. Barriers should be offset from trees to protect roots. 

 
 
          3.2.2        Structural Controls 

 
Structural controls are used to divert stormwater runoff flows away from disturbed areas, or 
otherwise limit the discharge of pollutants from exposed areas of the site to the degree 
attainable. Proposed controls include the following: 
 
• Erosion Control Barrier; 
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• Temporary Sediment Trap; 
• Construction Entrance/Exit; 
• Rip Rap;  

 
Descriptions of structural control measures that will be used at the site area follows: 

 
• Sediment Trap – Temporary sediment trap is depression constructed downslope of 

construction activity and located such that storm water runoff from upland areas of less 
than 5 acres are diverted though the trap. Sediment trap shall be constructed as indicated 
by the Storm Water Pollution Prevention Plan and shall be constructed as part of the initial 
best management practices whenever practical. An outlet pipe and riser are incorporated at 
the outlet to discharge flow from the trap. Sediment traps shall be phased with the 
earthwork activity where practical. 
 

• Silt Fence – Silt fence is a synthetic permeable mesh fabric typically incorporating 
wooden support stakes at intervals sufficient to support the fence and water and sediment 
retained by the fence. Silt fence is also available with a wire mesh backing. The fence is 
designed to retain sediment-laden water to allow settlement of suspended soils before 
filtering through the mesh fabric for discharge downstream. Silt fence shall be located to 
capture overland, low-velocity sheet flows as follows. Install silt fence at a fairly level 
grade (along the contour) to provide sufficient upstream storage volume for the 
anticipated runoff.  
 

• Construction Entrance - All access points from the public street into the construction site 
shall include a construction exit composed of course stone to the dimensions shown on the 
Construction Drawings. The rough texture of the stone helps to remove clumps of soil 
adhering to construction vehicle tires through the action of vibration and jarring over the 
rough surface and the friction of the stone matrix against soils attached to vehicle tires. 
 

• Rip Rap – Rip rap is a section of rock protection placed at the outlet end of the culverts. 
The purpose of the rock outlet protection is to reduce the depth, velocity, and energy of 
water, such that the flow will not erode the receiving downstream reach. 

 
  Final site stabilization is achieved when turf grass cover provides permanent stabilization for at 

least 80 percent of the disturbed soil surface, exclusive of areas that have been paved. 
 
 

3.3  Stormwater Management Measures 
 

During the construction phase of the project, the Contractor will install stormwater management 
measures to control pollutants in storm water discharges that will occur after the construction 
operations have been completed. The stormwater management measures will consist of the 
following: 

 
• Bioretention Practices (F-5); 
• Pocket Ponds (P-5); 
• Detention Basin; 
• Outflow Velocity Dissipation Device (i.e. Rip rap). 
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Water Quality Treatment will be achieved by the use of Bioretention Practices (F-5), identify as 
Standard SMP’s with Runoff Reduction Capacity and Pocket Ponds (P-5), identify as Standard 
SMP’s in the New York State Stormwater Design Manual. The storm water management 
measures are designed to attenuate flows to be less than pre-construction conditions. The system 
is designed to reduce the runoff generated from a 100-year, 24-hour storm to mitigate any impacts 
to downstream water resources.  

 
 

3.4 Other Controls 
 
In addition to the erosion and sediment controls and the stormwater management measures 
discussed above, additional controls/practices shall be undertaken to comply with the General 
Permit and to reduce pollution in stormwater runoff. Such controls, some of which are depicted, 
on the Erosion and Sediment Control Plan in Appendix IX, include the following:  
 
• Practices to control off-site mud tracking from the construction site; 
• Dust suppression practices; 
• Proper material stockpiling practices; 
• Proper sanitary wastes disposal; 
• Earthwork procedures timed and conducted in manners aimed to minimize erosion and  

sedimentation; 
• Waste materials; 
• Concrete waste from concrete trucks; 
• Contaminated soils; 
• Hazardous substances & hazardous waste; 
• Preparation of a snow removal plan; and  
• Spill prevention and control measures. 
 
Practices to control off-site construction vehicle mud tracking – The construction site-roads will 
be maintained in good construction condition to minimize off-site vehicle tracking of sediments. A 
construction entrance tire mud cleaning structure and laydown area shall be constructed of crushed 
stone to remove mud from the tires of construction vehicles. The rock will be replaced as 
necessary to assure its effectiveness. Additionally, dump trucks hauling material to or from the 
construction site will be covered in accordance with state and local regulations, the paved streets 
adjacent to the site will be inspected daily and swept as necessary. 
 
Dust suppression – Fine water sprays shall be used to control dust during extended dry periods. 
Chemical dust suppressants shall not be used. 

 
 Proper material stockpiling practices - Construction materials shall be stored in a manner that will 

minimize exposure to precipitation and runoff or otherwise to prevent the contamination of 
stormwater. For pollutant materials that must be kept dry (fertilizers, plaster, dry ingredients, 
etc.), indoor storage, shelters, storage trailers, tarpaulins, and other means shall be employed to 
keep pollutant materials from being exposed to stormwater. Building component materials shall 
not be exposed to conveyances or otherwise stored in a manner that will concentrate runoff. 
Stockpiles of earthen materials shall be stored out of stormwater conveyance areas and in a 
manner that prevents erosion and the transport of sediments. Silt fences shall be employed when 
required, as described in this plan. 
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 Sanitary wastes – All sanitary waste will be collected from the portable units by a licensed 

sanitary waste management contractor, at least 3 times per week as required by local regulations.  
 
 Earthwork - Earthwork procedures shall be timed, and shall progress, in a manner that will 

minimize the exposure of disturbed surfaces to stormwater runoff. Excavation and filling 
sequences shall typically proceed down slope while maintaining an earth dike at the toe of the 
slope. Tree felling, stumping, grubbing, stripping and other construction activities shall be 
performed so as to minimize disturbances and to not concentrate runoff (i.e., up or down slope, 
not cross slope) into flows capable of soil erosion. Stabilization procedures shall be undertaken in 
accordance with this plan and the requirement s of the General Permit. Grubbing during wet 
seasons should be avoided. 
 
Waste materials – All waste materials will be collected and stored in a securely lidded metal 
dumpster rented from a local waste management company which must be a solid waste 
management company licensed to do business by the state and the village. The dumpster will 
comply with all local and state solid waste management regulations. 
 
Concrete waste from concrete trucks – Emptying of excess concrete and/or washout from 
concrete delivery trucks shall be avoided  on the job site. If concrete washout must occur it shall 
be performed in conformance with standards provided in the New York State Standards and 
Specifications for Erosion and Sediment Control, and with the details on the project plans. If such 
excess concrete and/or washout residue is found on the job site, it will be cleaned up immediately 
and not allowed to come in contact with stormwater discharges. 
 
Hazardous waste – All hazardous waste materials will be disposed of in the manner specified by 
local, state and /or federal regulations and by the manufacturer of such products. Site personnel 
will be instructed in these practices by the job site superintendent, who will also be responsible 
for seeing that these practices are followed. 
 
Any spills of hazardous materials which are in quantities in excess of Reportable Quantities as 
defined by EPA regulations shall be immediately reported to the EPA National Response Center 
1-800-424-8802. 
 
The job site superintendent will be responsible for seeing that these procedures are followed. 
 
Snow Removal Plan – Snow removal practices will consist of several management techniques to 
minimize major runoff and pollutant loading impacts. No de-icing chemicals should be used in 
the parking lot. All the snow removed should be placed in pervious areas where it can slowly 
infiltrate.  

 
 

4.0  NON-STORM WATER DISCHARGES 
 
 Non-storm water discharges anticipated for the project that are authorized by the General Permit 

include the following:  
  

• Discharges from the fire fighting activities; 
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• Water to which cleansers or other components have not been added to wash vehicles or 
control dust in accordance with the SWPPP. 

• Routine external building wash down that does not use detergents; 
• Pavement wash waters where spills or leaks of toxic or hazardous materials have not 

occurred (unless all spilled material has been removed) and where detergents are not used; 
• Air conditioning condensate; 
• Springs; 
• Foundation or footing drains where flows are not contaminated with process materials 

such as solvents. 
 

 Discharges of the above non-storm water flows are permitted under the General Permit providing 
such flows (except flows from fire fighting activities) are identified in the SWPPP and 
appropriate pollution prevention measures are described and implemented for such flows.  

 
 

 5.0 INSPECTION AND MAINTENANCE PLAN 
 

The contractor will obtain copies of any and all local and state regulations, which are applicable to 
stormwater management and pollution minimization at this job site and will comply fully with such 
regulations. The contractor will submit written evidence of such compliance if requested by the 
Owner or any agent of a regulatory body. The contractor will comply will all conditions of the 
SPDES General Permit for Construction Activities, including the conditions related to maintaining 
the SWPPP and evidence of compliance with the SWPPP at the job site and allowing regulatory 
personnel access to the job site and to records in order to determine compliance. 

 
5.1 Inspection Requirements 
 

The inspection reports will either certify compliance with this SWPPP and the General Permit, or 
identify any incidents of non-compliance. For incidents of non-compliance, the inspection report will 
also describe the modifications to the project, site or control measures required and implemented to 
prevent further incidents of non-compliance. The inspection reports will be signed by an authorized 
individual and retained for a period of 5 years following the date the site is finally stabilized and the 
NOT is filed.  

 
5.2 Maintenance Requirements 
 

The following maintenance procedures are to be performed as noted. 
 

• Litter, construction debris, and chemicals shall be prevented from exposure to stormwater and 
from becoming a pollutant source. A daily walkover of the Project site to identify exposure of 
potential pollutants to stormwater shall be performed. 

 
• All control measures will be inspected at least once every 7 calendar days. 

               
• All measures will be maintained in good working order; if repairs are found to be necessary, they  

will be initiated within 24 hours of report. 
 

• Built-up sediment shall be removed from silt fences when it has reached 1/3 of the above ground 
height of the silt fence. 
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• Silt fences will be inspected for depth of sediment, tears or sags in the fabric, and to see if the 

fabric is securely attached to the posts. Posts will also be inspected to ensure that they are firmly 
set in the ground. 

 
• Temporary and permanent seeding shall be inspected weekly during its period of establishment 

for bare spots and areas of insufficient germination or growth. Remedial action shall be taken to 
establish a stabilized surface in these areas once identified. 
 

• Deteriorated silt fences shall be replaced as soon as the condition is discovered. 
 
• Conveyance structures shall be maintained so as to operate in the design condition. Foreign 

debris, including leaves and lawn cuttings shall not be allowed to accumulate in infiltration basin. 
 
• Fertilizer applications shall be applied strictly in accordance with all applicable laws, rules and 

regulations pertaining to application of fertilizer.   
 

• Sediment trap shall be maintained in working order and free of foreign debris throughout the 
construction period. Sediment trap will be inspected for depth of sediment, and built up sediment 
will be removed when it reaches 50 percent of the design capacity or at the end of the job. 

 
• Accumulations of sediment that escape to off-site areas must be removed at intervals to minimize  

offsite impacts. Sediment accumulations in public streets shall be removed as soon as possible 
and before any anticipated rain event. Vehicle tire mud cleaning devices shall be maintained to 
ensure their proper operation. 

 
• Spare Erosion and Sediment Control Barrier material shall be stocked on site. 
 
• A maintenance inspection report will be made after each inspection. A copy of the report form to 

be completed by the inspector is attached. 
 

• Personnel selected for the inspection and maintenance responsibilities will receive training from 
the job site superintendent. They will be trained in all the inspection and maintenance practices 
necessary for keeping the erosion and sediment controls that are used onsite in good working 
order.  

 
 

5.3  Facility Inspections: 
 
Central Hudson Gas & Electric Corporation, as the operator, shall follow the guidelines set 
forth in Part IV of the GP-0-15-002. Central Hudson Gas & Electric Corporation shall 
designate an operator, responsible for the construction phase of the project and the 
implementation of the pollution prevention measures shown on the Erosion and Sediment 
Control plan and in the Stormwater Pollution Prevention Plan Report. The contractor shall be 
responsible for providing a trained contractor to perform daily erosion and sediment control 
inspection. Each contractor who will be involved in the land development activity must 
provide proof that trained individual has obtained training and/or certification in proper 
erosion and sedimentation control practices. A trained contractor shall inspect the erosion 
and sediment controls identified in SWPPP to ensure that they are being maintained in 
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effective operating condition at all time. The owner/operator shall be responsible for insuring 
that a qualified inspector conduct at least two (2) inspections of the facility in accordance 
with Part IV.C. of the General Permit GP-0-15-002 every seven (7) calendar days, for as long 
as greater than five (5) acres of soil remains disturbed. The two (2) inspections shall be 
separated by a minimum of two (2) full calendar days. A qualified inspector shall conduct at 
least one (1) inspection of the facility every seven (7) calendar days when less than five (5) 
acres of soil remains disturbed. Central Hudson Gas & Electric Corporation shall designate a 
representative for the post development inspection and monitoring meeting qualifications set 
forth in the General Permit GP-0-15-002. The designated individual shall have a complete 
understanding of all components of the stormwater management system and shall be familiar 
with OSHA requirements for entering confined spaces. A visual inspection of all structures 
shall take place monthly. The operator shall follow criteria set forth in the inspection 
checklists included in this report. Enclosed is inspection checklist for the Bioretention 
Practices (F-5). The inspector shall follow the format of the checklists and any 
recommendations such as cleaning, repair or replacement of deficient devices, etc., shall be 
initiated immediately. Inspections shall take place immediately following the completion of 
any repairs. Copies of the inspections, recommendations and mitigation measures shall be 
kept on file by Central Hudson Gas & Electric Corporation and supplied to the Town of 
Ulster at their request. The following is a schedule of inspections responsibilities: 
 
Operation and Maintenance: 
 
The following is a summary of the operations and maintenance to occur at this facility for the 
lifetime of the establishment. The operator is to follow the guidelines set for herein, the 
Bioretention Practice (F-5) and Pocket Pond (P-5) Maintenance and Inspection checklist. 
 
Operations and Maintenance of this facility is the responsibility of Central Hudson Gas & 
Electric Corporation. A designated representative shall conduct monthly inspections and keep 
a log of results and mitigation measures taken. This log shall be made available to the Town 
of Ulster at their request.  Maintenance shall depend mainly on inspection observations. Any 
deficiencies in the facility shall be corrected immediately upon discovery. Sediment removal 
shall occur on an as needed basis. A qualified hauler, familiar in the proper disposal of waste, 
shall dispose of sediment. Cleaning of structures shall include the removal, and proper 
disposal, of all sand and debris from the sumps. All paved parking lots shall be swept two (2) 
times per year, between the dates of October 1 and June 1 of each year. 
 
 

  Monthly inspection: 
 

• Drainage structures clear of debris; 
• Bioretention, Pocket Pond and contributing areas clear of debris; 
• Plant height not less than design water depth in Bioretention Areas; 
• Grass height not greater than 6 inches in Bioretention Areas; 
• Bioretention Areas dewater between the storms, and no evidence of standing water; 
• No evidence of erosion; 
• Inflow pipes clear of debris; 
• Inlet area clear of debris; 
• No signs of erosion or slope failure throughout the site. 
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Quarterly inspection: 
 
• Refer to monthly inspections above.                                                                           

 
  Annual inspections: 
 

• Drainage structure and pretreatment inspections for signs of damage and/or failure; 
• More detailed inspection of all monthly inspection items listed above; 
• Inspect all components of drainage system for signs of structure failure, erosion and 

sedimentation build-up; 
• No evidence of sediment buildup in Bioretention Areas and Pocket Ponds; 
• Ensure Outlet/Overflow Spillway in good condition, and there is no need to repair; 
• Inspect rip-rap areas to ensure aggregate surface is clean, top layer of stone does not need 

replacement and erosion has not occurred. 
 
 
 

6.0 RECORD KEEPING AND REPORTING 
  

6.1 Record Keeping 
 

It is recognized that stormwater pollution prevention efforts can be enhanced by retaining 
records in an orderly manner at one location for reference. Provisions of the Construction 
General Permit also require the retention of certain records. Therefore, records regarding 
stormwater pollution prevention activities shall be maintained at the construction site. The 
records shall be retained and maintained by for a period of 5 years after the filing of the NOT 
for General Permit coverage. Records to be retained shall include: 

 
• The SWPPP and all revisions.  
 
• All NOI’s  to discharge to waters of the United States under authorization of The General 

Permit as well as all data used to determine Permit eligibility. 
 
• Certifications required by the SWPPP (Appendix III). 
 
• All inspection reports (Appendix IV). 

 
• Construction activity records indicating dates of construction milestones and storm water 

management and pollution prevention controls installations. 
 
• All spill reports/notifications. 
 
• All NOT’s (Appendix V). 

 
6.2        Reporting 
 

In the event of a discharge of oil or another hazardous material, rapid notification of 
responsible facility personnel, oil spill and/or hazardous material removal organizations and 
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federal, state, and local Regulatory agencies can be essential to protecting the environment in 
the immediate vicinity. 
 
As required by the conditions of the General Permit, all spills shall be recorded and 
documented within the SWPPP. Detailed reports including the date and time of the incident, 
location, volume and contents of the spill, weather conditions, response procedures, parties 
notified, recommended revisions to the proposed stormwater pollution prevention controls, 
operating procedures, and /or equipment needed to prevent recurrence shall be maintained. 
Reports on Reportable Quantity (RQ) spills are to be maintained as part of this SWPPP. 
 
Because construction activities may handle many hazardous substances over the course of 
construction, spills of these substances in amounts that equal or exceed RQ levels are a 
possibility.  Any discharge of a substance above an RQ shall be reported to the Construction 
Manager. 

 
 
6.3       Revisions of the SWPPP 

 
The SWPPP must be amended whenever: 
 
1. There is a change in design, construction, operation or maintenance, which will have a 

significant effect on the potential for the discharge of pollutants to the Water of the U.S.; 
 
2. The SWPPP proves to be ineffective in eliminating or significantly minimizing pollutants 

from sources; and, 
 

3. It is proven to be ineffective in achieving the general objectives of controlling pollutants 
from the construction site’s stormwater discharges. Plan certifications shall also be made 
whenever Permittees change for the described Project.  

 
 
 
 
 
 
 
 



LAWRENCE J. PAGGI, PE, PC 

 

APPENDICES 
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Appendix II  Notice of Intent (NOI) 
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!��	b���
�����
��
"�����""�5��

�0����(')A�(CE�cS�"��	�
�����
��
"�����""�5��

���7

�%J



���������	�
����
�	�����������������������������������������
�	����� �������!"#$%&'&$$���������������()(*+,-)./0*0$#+1��23456�78,2�9437+��7+:7�;26<�4=+1��23456�78+>�2+��7+<2�?7=�+84�7#+@�7+�A�+B7���38+627C+&+(694;6�7+��+��7+<2�?7=�+D�=6�4�5+�5+��7+B6<+EF7D�AG+653+=D4=H+��+<D6=7+6+B62H72653+�F�645+��7+IJ+=��23456�78#+&+@�7+KL453+M7K+F����5+A4DD+<2�9437+��7+D6�ND�5;+>�2+��7+<728�5+>4DD45;+���+��48+>�2B#+@�75+<65+��7+B6<+��+��7+=�227=�+D�=6�4�5+653=D4=H+��7+B6<+��+<D6=7+6+B62H72+653+�F�645+��7+IJ+=��23456�78#��O
P�������Q���������
�	��	R���
� ��	��S���������P����S��TUV�����R
	����'$#%!WX%'WY&Z!#"XX["Z'"""""""��������\���
��]̂�_S���
���S��	�������̀��S
���������a(7A+1�58�2�=�4�5!#+�7D7=�+��7+<273�B4565�+D653+�87+>�2+F���+<27+653+<�8�+3797D�<B75�+=�534�4�58#����\�O������	��b�
��
	P�c�	R���L�278������\�O������	��d������c�	R�e��1�BB72=46Df�̂��̀��
	P���d��
�Q����R
O
�
�	�g����������R�
	�h����
�	�fU��	�����S��	�������̀����R
O
�
�	�����̂()(*+,-)./0*0'#+/5+6==�2365=7+A4��+��7+D62;72+=�BB�5+<D65+�>+3797D�<B75�+�2+86D7Y+75�72+��7+���6D+<2�?7=�+84�7+6=276;7Y+��7+6=276;7+��+F7+348��2F73+653+��7+>���27+4B<7294��86276+E6=276;7GA4��45+��7+348��2F73+6276#+iii+-)j(0+@)+@k*+(*l-*�@+@*(@k+)L+l(+l1-*#+iii�������
���m����n�����o%[#%$������m����������\
������R�n�����opW#Zb�
��
	P������O
����m����������\
������R�n�����oXd�����������O
����m����_
�S
	�\
������R�m����n�����o"#Wq̂�\��Q������	����R
������������S�	�q��������̀���
������	Q��	���
��aJ78[#+/534=6�7+��7+<72=75�6;7+ErG+�>+76=�+ks32�D�;4=+��4D+:2��<Ek�:G+6�+��7+84�7#



�����������������	
������

������������������������������� !"#$% #&$ '()""$* +#)%# )"* $"* *)#$+ �, #&$ *-+#.%/)"0$ )0#-1-#-$+�2���������3�43�4
3
356������3�43�4
3
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Contractor/Owner Certification Forms 
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Central Hudson Gas & Electric Corporation - Contractors’ and Subcontractors’ Certification: (to be 
signed and submitted by all Contractors and Subcontractors that will implement the erosion and sediment 
control measures before they commence any construction activity) 
 
I hereby certify that I understand and agree to comply with the terms and conditions of the SWPPP and agree 
to implement any corrective actions identified by the qualified inspector during a site inspection. I also 
understand that the owner or operator must comply with the terms and conditions of the New York State 
Pollutant Discharge Elimination System (SPDES) general permit for stormwater discharges from 
construction activities and that it is unlawful for any person to cause or contribute to a violation of water 
quality standards. Furthermore, I understand that certifying false, incorrect or inaccurate information is a 
violation of the referenced permit and the laws of the State of New York and could subject me to criminal, 
civil and/or administrative proceedings. 
 
Each contractor who will be involved in the land development activity must provide proof that he/she has 
obtained training and/or certification* in proper erosion and sedimentation control practices and this proof 
shall become part of the SWPPP for the land development activity. 
 
*Trained Contractor – means an employee from a contracting (construction) firm that has received four (4) 
hours of training, which has been endorsed by the Department, from a Soil and Water Conservation District, 
CPESC, Inc. or other Department endorsed entity, in proper erosion and sediment control principles no later 
than two (2) years from the date this general permit is issued. After receiving the initial training, the trained 
individual shall receive four (4) hours of training every three (3) years. This individual will be responsible 
for implementation of the SWPPP. 
 
Elements of the SWPPP for which the contractor/subcontractor is responsible: 
 
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________ 
 
 
________________________________________________________________________________ 
Signature       Date 
 
_________________________________________________________________________________ 
Name        Title 
 
_________________________________________________________________________________ 
Name of Contracting Firm 
 
_________________________________________________________________________________ 
Address of Contracting Firm 
 
_________________________________________________________________________________ 
Telephone Number of Contracting Firm 
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Appendix IV 
 

Inspection Reports/General Contractor’s Designated Inspector Form 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LAWRENCE J. PAGGI, PE, PC 

 

 
 
 
Central Hudson Gas & Electric Corporation –  SWPPP INSPECTION LOG 
 
Date:     Time: 
 
__________________                                                                                                 ____ 
Name        Title 
 
Description of the weather and soil conditions (e.g. dry, wet, saturated) at the time of the inspection: 
 
 
 
Description of the condition of the runoff at all points of discharge from the construction site. This shall include 
identification of any discharges of sediment from the construction site. Include discharges from conveyance systems (i.e. 
pipes, culverts, ditches, etc.) and overland flow. 
 
 
 
Description of the condition of the Receiving Waters at all points of discharge from the construction site.  
 
 
 
 
Identification of all erosion and sediment control practices that need repair or maintenance (including identification of all 
erosion and sediment control practices that were not installed properly or are not functioning as designed and need to be 
reinstalled or replaced) : 
 
 
 
 
 
Description and sketch of areas that are disturbed at the time of the inspection and areas that have been stabilized 
(temporary and/or final) since the last inspection: 
 
 
 
 
 
 
Describe the current phase of construction of all post construction stormwater management practices and identification of 
all construction that is not in conformance with the SWPPP and technical standards: 
 
 
 
 
Corrective action(s) that must be taken to install, repair, replace or maintain erosion and sediment control practices; and to 
correct deficiencies identified with the construction of the post-construction stormwater management practice(s). 
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Notice of Termination 
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Bioretention Practice and Stormwater Pond Operation, Maintenance, 
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Introduction: 
This report provides an analysis of existing and proposed drainage conditions for the Central Hudson Gas & 
Electric Corporation. The project site is currently a vacant lot located on N.Y.S. Route 9W in the Town of 
Ulster, Ulster County, New York. The project site will be accessed from the existing Central Hudson Gas & 
Electric Kingston Facility located along the southerly property line on the adjacent parcel. The secondary 
emergency access to the site will be provided from Eastern Parkway located along the northerly property 
line. 

The proposed improvements will include construction of a Training Facility Building, Primary Control 
Center (PCC) Building, Training Annex Building, Outdoor Pole Yard, Gas Village and associated driveways 
and parking areas. The area of the new development currently includes wooded area. There are unregulated 
streams and an area of Federal Wetland located in the southwest corner of the parcel. 

The entire project contains 56.51 acres and the total area of disturbance is approximately 28.7 acres. No 
more than five (5) acres of soil shall be disturbed at any time without prior written approval from the MS4. 
This report demonstrates that runoff from the project area will be controlled to predevelopment values to 
mitigate impact to downstream conditions.  The area of disturbance exceeds the threshold of 1 acre, which 
requires preparation of a stormwater pollution prevention plan (SWPPP) in conformance with the New York 
State Department of Environmental Conservation (NYSEC) general permit for stormwater discharges from 
construction activities (GP-0-15-002). The proposed design meets all of the permit requirements for water 
quality treatment and runoff quantity control in conformance to the current Stormwater Design Manual. 

The computer program HydroCAD 10.0, was employed to generate hydrographs for the 1, 2, 10, 25 and 100-
year design storms with a duration of 24 hours. Precipitation distribution data was generated from the USDA 
NRCS Win TR20 software. A Type III rainfall distribution was applied. The following rainfall amounts for 
each frequency have been used in the analysis: 1-year – 2.68”, 2-year – 3.24”, 10-year – 4.76”, 25-year – 
5.93”, 100-year – 8.30”. 

Soils: 
 
According to the soil survey map of the USDA Natural Resources Conservation Service, there are ten soil 
mapping unit types mapped within the Project Area. The soils information is summarized below: 

 

Map Unit 
Symbol 

Map Unit name Soil Description Hydrologic  
Soil Group 

Cc Canandaigua Silt Loam Poorly and very poorly drained “D” 

FAE Farmington-Rock outcrop 
complex, steep 

Well Drained, Somewhat Excessively 
Drained 

“C” 

PlB Plainfield loamy sand, 0 to 
8 percent slopes 

Excessively Drained “A” 

PrC Plainfield-Rock outcrop 
complex, rolling  

Excessively Drained “A” 

Ra Raynham silt loam Poorly drained “C” 

RhA Rhinebeck silt loam, 0 to 3 
percent slope 

Somewhat poorly drained “D” 

RvA Riverhead fine sandy loam, Well drained “B” 
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0 to 3 percent slope 

STD Stockbridge-Farmington-
rock outcrop complex, hilly 

Well drained “B” and “C” 

WsA Williamson silt loam, 0 to 3 
percent slopes 

Moderately well drained “C” 

WsB Williamson silt loam, 3 to 8 
percent slopes 

Moderately well drained “C” 

 

Stockbridge-Farmington-rock outcrop complex was modeled as 30% of soil group “B”, 50% of soil group 
“C” and 20% of rock outcrop. 

A soils map is included in Appendix A for reference. 

Predevelopment Drainage Analysis: 
 
The area of the project site that is being modified to the extent that will affect existing drainage conditions 
has been evaluated in this drainage analysis. The existing drainage condition for the project area has been 
modeled as two sub-areas, A and B, based upon ultimate point of discharge from the project site. These 
basins are described below, along with a summary of their hydrologic conditions:   

Drainage Area A (Design Point 1) includes the northerly portion of the project site and offsite contributing 
drainage area. This drainage basin discharges overland in a westerly direction toward an existing low area 
located approximately midway along the westerly boundary of the site. 

Approximately 7.2 acres of this basin includes offsite contributing area. The offsite contributing area has 
been modeled as impervious cover with the balance modeled as woods in good condition. The area within 
the project site has been modeled as woods in good condition. 

Drainage Area B (Design Point 2) includes the southerly part of the project site. The drainage basin 
discharges overland in a westerly direction toward the existing wetland, which includes a pond at the 
southwest corner of the site, and ultimately discharges into the Esopus Creek. 

Approximately 5.41 acres of this basin includes offsite contributing drainage area, known as the Bread Alone 
Bakery site. The offsite contributing area has been modeled as impervious cover and woods and lawn in 
good condition. The area within the project site has been modeled as water surface with the balance modeled 
as woods in good and fair conditions. 

The existing Central Hudson site adjacent to the south end of the project also discharges to the existing pond 
in the southwest corner of the site.  This discharge occurs downstream of any proposed development and will 
not impact the evaluation of the hydrology to the design point since this area remains unchanged.  Therefore, 
the existing Central Hudson site has not been included in the evaluation.   

 
Predevelopment Peak Flow Values 
Peak flow discharge values were determined for the 1, 2, 10 (Qp), 25 and 100 (Qf) design storm events. 

   Peak Flow Discharge (cfs) 
Drainage Area  1yr  2yr  10yr  25yr  100yr 
Design point 1  30.74  49.94  110.89  162.92  274.58 
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Design Point 2  13.02  21.59  49.08  72.86  124.06 

Existing condition hydrographs can be found in Appendix B of this report. 

Postdevelopment Drainage Analysis: 
 
The proposed stormwater management has been designed to conform to the guidelines established in the 
New York State Stormwater Design Manual, January 2015. 

Step 1: Site Planning 

A. Conserve Natural Areas – Natural drainage design points will be maintained; retention of forest cover 
and undisturbed soils will be maintained where possible; the minimum required clearing and grading to 
accomplish the project goals is proposed. 

B. Reduce Impervious Cover – proposing minimum sizes, allowed by the Town of Ulster Code, for parking 
and roadway width will reduce impact of development.   

 
Step 2: Determine Water Quality Volume (WQv) 
The calculations of water quality storage volume, using NYSDEC Green Infrastructure Spreadsheets for 
WQv calculations, are provided in Appendix C of this report. 

 

Step 3: Runoff Reduction by Applying Green Infrastructure Techniques and Standard SMP’s with 
RRv Capacity 

Proposed Bioretention Practices, which are identified as a standard SMPs with runoff reduction capacity 
(RRv), will provide the minimum runoff reduction (RRv) required from the newly constructed impervious 
areas. Due to site limitations, which include seasonal high groundwater and shallow depth to bedrock, 
infiltration practices are not viable and the total WQv cannot be reduced by the proposed Bioretention 
Practices. The calculations of RRv provided by the Bioretention Practices, using NYSDEC Green 
Infrastructure Spreadsheets, are provided in Appendix C of this report. 

 
Step 4: Determine the required RRv  
The calculations of the required RRv are provided in Appendix C of this report. 

 

Step 5: Apply SMP’s to address remaining WQv 

Proposed Bioretention Practices will provide the minimum runoff reduction (RRv). The treatment of the 
remaining WQv from the newly constructed impervious areas will be provided by the Bioretention Practices 
and Pocket Ponds. Pocket Ponds (P-5) identified as a Standard SMPs used for treatment of the water quality 
volume. The calculations of RRv and treated volume provided by the Bioretention Practices and Pocket 
Ponds are provided in Appendix C of this report.  
 
Step 6: Apply volume and peak rate control practices: 
Proposed Detention Basin and Pocket Pond #2 will provide stream channel protection by providing 24-hour 
extended detention of the one-year, 24-hour storm event and will attenuate the post-development 10-year and 
100-year peak discharge rates to predevelopment rates (refer to hydrograph routings for 10-year and 100-
year storm).  
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In the postdevelopment drainage condition the drainage area has been divided into eight sub-areas based on 
ultimate point of discharge. These sub-areas are described below, along with a summary of their hydrologic 
conditions.   
 
Drainage Area A (Design Point 1) - includes an uphill portion of predevelopment drainage area A. This area 
will remain relatively unchanged in the post-development condition.  

Storm water runoff from this sub-area will discharge overland or will be collected by a series of the diversion 
swales, catch basins and underground pipe system, which will convey runoff to the proposed Detention 
Basin. The proposed Detention Basin located inside this basin will provide channel protection and will 
control the ten- and one hundred-year design storms. The proposed outlet control structure and discharge 
pipes will convey runoff from the Detention Basin toward the existing lower area located along the westerly 
boundary of the site.  

The offsite contributing area located inside this basin has been modeled as impervious cover with the balance 
modeled as woods in good condition. The area within the project site has been modeled as lawn in good 
condition (grass cover >75%) and woods in good condition.  
 
Drainage Area A1 (Design Point 1) – includes northerly portion of the proposed site development. Storm 
water runoff from this sub-area will discharge overland toward the proposed Bioretention Area 1. The 
proposed Bioretention Practice 1 will provide the minimum required runoff reduction (RRv) and treatment 
of the remaining WQv from the newly constructed impervious areas.  Proposed pea gravel diaphragm will 
provide a pretreatment volume of the 25% of the required WQv. Overflow from the Bioretention Area 1 
during larger storm events will be directed toward the above-mentioned Detention Basin. Bioretention Area 
1 will be equipped with a 6-inch perforated underdrain pipe installed in a gravel layer. Discharge from the 
underdrain will be directed toward the existing lower area located along the westerly boundary of the site. 

The area within the sub-area has been modeled as impervious surface with the balance modeled as lawn in 
good condition (grass cover >75%) and woods in good condition. 

 
Drainage Area A2 (Design Point 1) – includes area of the proposed Gas Village, a portion of the roadway 
and driveway access to the proposed Annex Building. Stormwater runoff from this sub-area will discharge 
overland toward the proposed Bioretention Area 2. The proposed Bioretention Practice 2 will provide the 
minimum required runoff reduction (RRv) and treatment of the remaining WQv from the newly constructed 
impervious areas.  Proposed pea gravel diaphragm will provide a pretreatment volume of the 25% of the 
required WQv. Overflow from the Bioretention Area 2 during larger storm events will be directed toward the 
above-mentioned Detention Basin. Bioretention Area 2 will be equipped with a 6-inch perforated underdrain 
pipe installed in a gravel layer. Discharge from the underdrain will be directed toward the existing lower area 
located along the westerly boundary of the site. 

The area within the sub-area has been modeled as impervious surface with the balance modeled as lawn in 
good condition (grass cover >75%) and woods in good condition. 

 
Drainage Area A3 (Design Point 1) – includes proposed northerly parking area and a portion of the 
roadway. Storm water runoff from this sub-area will discharge overland or will be collected by a series of the 
catch basins and underground pipe system that will convey runoff to the proposed Pocket Pond 1 located 
inside this basin. A flow diversion structure (CB11) will divert WQv to the Pocket Pond 1 and will allow 
larger storm events to bypass and discharge to the above-mentioned Detention Basin. Proposed pea gravel 
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diaphragm will provide a pretreatment volume of 10% of the required WQv. Proposed grass filter strip will 
provide additional pretreatment of the runoff from the adjacent roadway. 

The area within the sub-area has been modeled as impervious surface with the balance modeled as lawn in 
good condition (grass cover >75%) and woods in good condition. 

 
Drainage Area A4 (Design Point 1) – includes area of the Training Facility Building, Primary Control 
Center (PCC) Building and Training Annex Building. Buildings will be equipped with the internal roof drain 
systems. A series of the catch basins and underground pipe system will connect roof leaders to the proposed 
Bioretention Area 3 located inside this drainage area. A flow diversion structure (CB18) will divert WQv to 
the Bioretention Practice 3 and will allow larger storm events to bypass and discharge to the above-
mentioned Detention Basin. Bioretention Area 3 will be equipped with a 6-inch perforated underdrain pipe 
installed in a gravel layer. Discharge from the underdrain will be directed toward the existing low area 
located along the westerly boundary of the site. Generally, pretreatment for the roof discharge is not required 
and therefore was not proposed.  

The area within the sub-area has been modeled as impervious surface with the balance modeled as lawn in 
good condition (grass cover >75%) and woods in good condition. 

 
Drainage Area A5 (Design Point 1) - includes a portion of predevelopment drainage area A. This area will 
remain relatively unchanged in the postdevelopment condition. This drainage area continues to discharge 
overland in westerly direction toward the existing low area located along the westerly boundary of the site. 

The area has been modeled as woods in good condition.  
 
Drainage Area B (Design Point 2) - includes the proposed southerly parking area and a portion of the 
driveway. The proposed development will result in an increase in impervious cover inside this drainage area. 
Pocket Pond 2 located inside this basin will provide treatment of the WQv volume and channel protection 
and will control the ten- and one hundred-year design storms. Storm water runoff from this sub-area will 
discharge overland or will be collected by a series of the catch basins and underground pipe system that will 
convey runoff to the Pocket Pond 2. Proposed forebay will provide a pretreatment volume of the 10% of the 
required WQv. The proposed outlet control structure and discharge pipe will convey runoff from the Pocket 
Pond 2 toward the existing wetland on site.  

The area has been modeled as impervious surface with the balance modeled as a lawn in good condition 
(grass cover >75%). 
 
Drainage Area B1 (Design Point 2) - includes a portion of predevelopment drainage area B. This area will 
remain relatively unchanged in the postdevelopment condition. This drainage area continues to discharge 
overland in a westerly direction toward the existing wetland on site. This area includes 578 linear feet 
(approximately 17,354 square feet) of the proposed entrance drive to the project site. Additional storage for 
WQv treatment from the entrance drive within this basin was included in the Pocket Pond 2 design. 

The offsite contributing area has been modeled as impervious cover with the balance modeled as woods and 
lawn in good condition. The area within the project site has been modeled as water surface, impervious 
surface with the balance modeled as woods in good and fair conditions. 
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Postdevelopment Peak Flow Values 
Peak flow discharge values were determined for the 1, 2, 10 (Qp), 25 and 100 (Qf) design storm events. 

   Peak Flow Discharge (cfs) 
Drainage Area  1yr  2yr  10yr  25yr  100yr 
Design point 1  2.19  3.41  26.48  74.77  171.74 

Design Point 2  12.84  19.99  42.56  64.28  110.63 

 
Proposed condition hydrographs can be found in Appendix B of this report. 
 
    
 
Pre-Post Development Peak Flow Values Comparison 
   Peak Flow Discharge (cfs) 
Design Point   1yr  2yr  10yr  25yr  100yr 
Design point 1  -28.55  -46.53  -84.41  -88.15  -102.84 

Design Point 2  -0.18  -1.6  -6.52  -8.58  -13.43 

 
 
Diversion Swales Design: 
 
Swale 1 – the runoff from the northeasterly portion of the post-development Area A discharges overland 
toward proposed Diversion Swale 1. The resulting peak rate of flow toward the swale during the 100-year 
design storm is 101.25 cfs. Proposed Diversion Swale 1 will convey the peak discharge at a maximum 
velocity of 5.0 fps, at an average depth of 1.5’, providing at least 6” freeboard. Proposed swale depth is 2.0’. 

Swale 2 – the runoff from the southeasterly portion of the post-development Area A discharges overland 
toward proposed Diversion Swale 2. The resulting peak rate of flow toward the swale during the 100-year 
design storm is 34.7 cfs. Proposed Diversion Swale 2 will convey the peak discharge at a maximum velocity 
of 4.44 fps, at an average depth of 0.73’, providing at least 6” freeboard. Proposed swale depth is 1.5’. 

Swale 3 – the runoff from the easterly portion of the post-development Area B1 discharges overland toward 
the proposed Diversion Swale 3. The resulting peak rate of flow toward the swale during the 100-year design 
storm is 6.09 cfs. Proposed Diversion Swale 3 will convey the peak discharge at a maximum velocity of 1.87 
fps, at an average depth of 0.32’, providing at least 6” freeboard. Proposed swale depth is 1.0’. 
Swale 4 – the runoff from the southeasterly portion of the post-development Area B1 discharges overland 
toward proposed Diversion Swale 4. The resulting peak rate of flow toward the swale during the 100-year 
design storm is 43.93 cfs. Proposed Diversion Swale 4 will convey the peak discharge at a maximum 
velocity of 4.82 fps, at an average depth of 0.85’, providing at least 6” freeboard. Proposed swale depth is 
1.5’. 

Swale 5 – the runoff from the northwesterly portion of the post-development Area A discharges overland 
toward proposed Diversion Swale 5 that runs along the roadway in the Gas Village portion of the 
development. The resulting peak rate of flow toward the swale during the 100-year design storm is 9.65 cfs. 
Proposed Diversion Swale 5 will convey the peak discharge at a maximum velocity of 3.15 fps, at an average 
depth of 0.5’, providing at least 6” freeboard. Proposed swale depth is 1.0’. 



LAWRENCE J. PAGGI, PE, PC 

8 
 

 

Channel Protection Volume (CPv): 
 

Drainage Area A – discharges toward the proposed Detention Pond.  The Detention Pond will provide 
Stream Channel Protection Volume (CPv). The required CPv calculations are provided in Appendix C of this 
report. The required CPv for Drainage Area A is 87,948 cf and storage provided in the Detention Pond from 
elevation 158.0 to elevation 160.1 is 89,918 cf. 

Drainage Area B – discharges toward Pocket Pond 2.  Pocket Pond 2 will provide Stream Channel 
Protection Volume (CPv). The required CPv calculations are provided in Appendix C of this report. The 
required CPv for Drainage Area B is 14,524 cf and storage provided in Pocket Pond 2 from elevation 166.0 
to elevation 167.0 is 24,054 cf. 

 

 

Conclusion: 
The stormwater management plan demonstrates that the proposed development will result in post-
construction hydrologic conditions with equal or lower runoff discharge rates and similar patterns of 
drainage conveyance as those that currently exist in predevelopment conditions, along with an improved 
quality of discharge.  
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1,938,974 sf   12.62% Impervious   Runoff Depth=0.62"Subcatchment A: A
   Flow Length=2,087'   Tc=15.9 min   CN=72   Runoff=30.74 cfs  2.318 af

Runoff Area=871,065 sf   23.22% Impervious   Runoff Depth=0.58"Subcatchment B: B
   Flow Length=1,028'   Tc=15.0 min   CN=71   Runoff=13.02 cfs  0.973 af

Total Runoff Area = 64.510 ac   Runoff Volume = 3.2 90 af   Average Runoff Depth = 0.61"
84.09% Pervious = 54.249 ac     15.91% Impervious =  10.261 ac
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Summary for Subcatchment A: A

Runoff = 30.74 cfs @ 12.10 hrs,  Volume= 2.318 af,  Depth= 0.62"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (sf) CN Description
* 123,997 98 Paved parking, roofs
* 120,704 98 Rock outcrop

181,055 55 Woods, Good, HSG B
1,513,218 70 Woods, Good, HSG C
1,938,974 72 Weighted Average
1,694,273 87.38% Pervious Area

244,701 12.62% Impervious Area

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

5.3 100 0.6000 0.32 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

9.9 1,787 0.0150 3.01 69.16 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

15.9 2,087 Total

Subcatchment A: A
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Type II 24-hr
1-Year Rainfall=2.68"

Runoff Area=1,938,974 sf
Runoff Volume=2.318 af

Runoff Depth=0.62"
Flow Length=2,087'

Tc=15.9 min
CN=72

30.74 cfs
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Summary for Subcatchment B: B

Runoff = 13.02 cfs @ 12.10 hrs,  Volume= 0.973 af,  Depth= 0.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (sf) CN Description
108,929 98 Water Surface, HSG C
118,364 36 Woods, Fair, HSG A
24,231 60 Woods, Fair, HSG B

264,758 73 Woods, Fair, HSG C
67,830 79 Woods, Fair, HSG D

* 16,153 98 Rock Outcrop
* 77,187 98 Paved parking, roof

47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
6,568 74 >75% Grass cover, Good, HSG C

871,065 71 Weighted Average
668,796 76.78% Pervious Area
202,269 23.22% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 100 0.1200 0.17 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
4.4 682 0.0260 2.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.0 1,028 Total
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Subcatchment B: B

Runoff

Hydrograph
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Type II 24-hr
1-Year Rainfall=2.68"

Runoff Area=871,065 sf
Runoff Volume=0.973 af

Runoff Depth=0.58"
Flow Length=1,028'

Tc=15.0 min
CN=71

13.02 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1,938,974 sf   12.62% Impervious   Runoff Depth=0.95"Subcatchment A: A
   Flow Length=2,087'   Tc=15.9 min   CN=72   Runoff=49.94 cfs  3.541 af

Runoff Area=871,065 sf   23.22% Impervious   Runoff Depth=0.90"Subcatchment B: B
   Flow Length=1,028'   Tc=15.0 min   CN=71   Runoff=21.59 cfs  1.503 af

Total Runoff Area = 64.510 ac   Runoff Volume = 5.0 44 af   Average Runoff Depth = 0.94"
84.09% Pervious = 54.249 ac     15.91% Impervious =  10.261 ac
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Summary for Subcatchment A: A

Runoff = 49.94 cfs @ 12.10 hrs,  Volume= 3.541 af,  Depth= 0.95"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (sf) CN Description
* 123,997 98 Paved parking, roofs
* 120,704 98 Rock outcrop

181,055 55 Woods, Good, HSG B
1,513,218 70 Woods, Good, HSG C
1,938,974 72 Weighted Average
1,694,273 87.38% Pervious Area

244,701 12.62% Impervious Area

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

5.3 100 0.6000 0.32 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

9.9 1,787 0.0150 3.01 69.16 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

15.9 2,087 Total

Subcatchment A: A
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Type II 24-hr
2-Year Rainfall=3.24"

Runoff Area=1,938,974 sf
Runoff Volume=3.541 af

Runoff Depth=0.95"
Flow Length=2,087'

Tc=15.9 min
CN=72

49.94 cfs
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Summary for Subcatchment B: B

Runoff = 21.59 cfs @ 12.09 hrs,  Volume= 1.503 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (sf) CN Description
108,929 98 Water Surface, HSG C
118,364 36 Woods, Fair, HSG A
24,231 60 Woods, Fair, HSG B

264,758 73 Woods, Fair, HSG C
67,830 79 Woods, Fair, HSG D

* 16,153 98 Rock Outcrop
* 77,187 98 Paved parking, roof

47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
6,568 74 >75% Grass cover, Good, HSG C

871,065 71 Weighted Average
668,796 76.78% Pervious Area
202,269 23.22% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 100 0.1200 0.17 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
4.4 682 0.0260 2.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.0 1,028 Total
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Subcatchment B: B
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Type II 24-hr
2-Year Rainfall=3.24"

Runoff Area=871,065 sf
Runoff Volume=1.503 af

Runoff Depth=0.90"
Flow Length=1,028'

Tc=15.0 min
CN=71

21.59 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1,938,974 sf   12.62% Impervious   Runoff Depth=2.01"Subcatchment A: A
   Flow Length=2,087'   Tc=15.9 min   CN=72   Runoff=110.89 cfs  7.473 af

Runoff Area=871,065 sf   23.22% Impervious   Runoff Depth=1.94"Subcatchment B: B
   Flow Length=1,028'   Tc=15.0 min   CN=71   Runoff=49.08 cfs  3.228 af

Total Runoff Area = 64.510 ac   Runoff Volume = 10. 701 af   Average Runoff Depth = 1.99"
84.09% Pervious = 54.249 ac     15.91% Impervious =  10.261 ac
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Summary for Subcatchment A: A

Runoff = 110.89 cfs @ 12.09 hrs,  Volume= 7.473 af,  Depth= 2.01"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (sf) CN Description
* 123,997 98 Paved parking, roofs
* 120,704 98 Rock outcrop

181,055 55 Woods, Good, HSG B
1,513,218 70 Woods, Good, HSG C
1,938,974 72 Weighted Average
1,694,273 87.38% Pervious Area

244,701 12.62% Impervious Area

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

5.3 100 0.6000 0.32 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

9.9 1,787 0.0150 3.01 69.16 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

15.9 2,087 Total
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Type II 24-hr
10-Year Rainfall=4.76"

Runoff Area=1,938,974 sf
Runoff Volume=7.473 af

Runoff Depth=2.01"
Flow Length=2,087'

Tc=15.9 min
CN=72

110.89 cfs
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Summary for Subcatchment B: B

Runoff = 49.08 cfs @ 12.08 hrs,  Volume= 3.228 af,  Depth= 1.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (sf) CN Description
108,929 98 Water Surface, HSG C
118,364 36 Woods, Fair, HSG A
24,231 60 Woods, Fair, HSG B

264,758 73 Woods, Fair, HSG C
67,830 79 Woods, Fair, HSG D

* 16,153 98 Rock Outcrop
* 77,187 98 Paved parking, roof

47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
6,568 74 >75% Grass cover, Good, HSG C

871,065 71 Weighted Average
668,796 76.78% Pervious Area
202,269 23.22% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 100 0.1200 0.17 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
4.4 682 0.0260 2.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.0 1,028 Total



Type II 24-hr  10-Year Rainfall=4.76"09.04.19 CHG&E Training Predevelopment
  Printed  9/10/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 13HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Subcatchment B: B
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Type II 24-hr
10-Year Rainfall=4.76"

Runoff Area=871,065 sf
Runoff Volume=3.228 af

Runoff Depth=1.94"
Flow Length=1,028'

Tc=15.0 min
CN=71

49.08 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1,938,974 sf   12.62% Impervious   Runoff Depth=2.94"Subcatchment A: A
   Flow Length=2,087'   Tc=15.9 min   CN=72   Runoff=162.92 cfs  10.891 af

Runoff Area=871,065 sf   23.22% Impervious   Runoff Depth=2.84"Subcatchment B: B
   Flow Length=1,028'   Tc=15.0 min   CN=71   Runoff=72.86 cfs  4.737 af

Total Runoff Area = 64.510 ac   Runoff Volume = 15. 628 af   Average Runoff Depth = 2.91"
84.09% Pervious = 54.249 ac     15.91% Impervious =  10.261 ac
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Summary for Subcatchment A: A

Runoff = 162.92 cfs @ 12.08 hrs,  Volume= 10.891 af,  Depth= 2.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (sf) CN Description
* 123,997 98 Paved parking, roofs
* 120,704 98 Rock outcrop

181,055 55 Woods, Good, HSG B
1,513,218 70 Woods, Good, HSG C
1,938,974 72 Weighted Average
1,694,273 87.38% Pervious Area

244,701 12.62% Impervious Area

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

5.3 100 0.6000 0.32 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

9.9 1,787 0.0150 3.01 69.16 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

15.9 2,087 Total

Subcatchment A: A
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Type II 24-hr
25-Year Rainfall=5.93"

Runoff Area=1,938,974 sf
Runoff Volume=10.891 af

Runoff Depth=2.94"
Flow Length=2,087'

Tc=15.9 min
CN=72

162.92 cfs
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Summary for Subcatchment B: B

Runoff = 72.86 cfs @ 12.07 hrs,  Volume= 4.737 af,  Depth= 2.84"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (sf) CN Description
108,929 98 Water Surface, HSG C
118,364 36 Woods, Fair, HSG A
24,231 60 Woods, Fair, HSG B

264,758 73 Woods, Fair, HSG C
67,830 79 Woods, Fair, HSG D

* 16,153 98 Rock Outcrop
* 77,187 98 Paved parking, roof

47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
6,568 74 >75% Grass cover, Good, HSG C

871,065 71 Weighted Average
668,796 76.78% Pervious Area
202,269 23.22% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 100 0.1200 0.17 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
4.4 682 0.0260 2.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.0 1,028 Total
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Subcatchment B: B
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Type II 24-hr
25-Year Rainfall=5.93"

Runoff Area=871,065 sf
Runoff Volume=4.737 af

Runoff Depth=2.84"
Flow Length=1,028'

Tc=15.0 min
CN=71

72.86 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=1,938,974 sf   12.62% Impervious   Runoff Depth=4.96"Subcatchment A: A
   Flow Length=2,087'   Tc=15.9 min   CN=72   Runoff=274.58 cfs  18.394 af

Runoff Area=871,065 sf   23.22% Impervious   Runoff Depth=4.84"Subcatchment B: B
   Flow Length=1,028'   Tc=15.0 min   CN=71   Runoff=124.06 cfs  8.067 af

Total Runoff Area = 64.510 ac   Runoff Volume = 26. 460 af   Average Runoff Depth = 4.92"
84.09% Pervious = 54.249 ac     15.91% Impervious =  10.261 ac
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Summary for Subcatchment A: A

Runoff = 274.58 cfs @ 12.08 hrs,  Volume= 18.394 af,  Depth= 4.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 123,997 98 Paved parking, roofs
* 120,704 98 Rock outcrop

181,055 55 Woods, Good, HSG B
1,513,218 70 Woods, Good, HSG C
1,938,974 72 Weighted Average
1,694,273 87.38% Pervious Area

244,701 12.62% Impervious Area

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

5.3 100 0.6000 0.32 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

9.9 1,787 0.0150 3.01 69.16 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

15.9 2,087 Total

Subcatchment A: A

Runoff

Hydrograph

Time  (hours)
908580757065605550454035302520151050

F
lo

w
  (

cf
s)

300

250

200

150

100

50

0

Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=1,938,974 sf
Runoff Volume=18.394 af

Runoff Depth=4.96"
Flow Length=2,087'

Tc=15.9 min
CN=72

274.58 cfs
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Summary for Subcatchment B: B

Runoff = 124.06 cfs @ 12.07 hrs,  Volume= 8.067 af,  Depth= 4.84"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
108,929 98 Water Surface, HSG C
118,364 36 Woods, Fair, HSG A
24,231 60 Woods, Fair, HSG B

264,758 73 Woods, Fair, HSG C
67,830 79 Woods, Fair, HSG D

* 16,153 98 Rock Outcrop
* 77,187 98 Paved parking, roof

47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
6,568 74 >75% Grass cover, Good, HSG C

871,065 71 Weighted Average
668,796 76.78% Pervious Area
202,269 23.22% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.0 100 0.1200 0.17 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
4.4 682 0.0260 2.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.0 1,028 Total
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Subcatchment B: B
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=871,065 sf

Runoff Volume=8.067 af
Runoff Depth=4.84"
Flow Length=1,028'

Tc=15.0 min
CN=71

124.06 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.440 ac   16.61% Impervious   Runoff Depth=0.71"Subcatchment 1S: A1
   Tc=6.0 min   UI Adjusted CN=74   Runoff=7.74 cfs  0.382 af

Runoff Area=1,026,024 sf   15.16% Impervious   Runoff Depth=0.71"Subcatchment A: A
   Flow Length=1,815'   Tc=12.6 min   CN=74   Runoff=21.79 cfs  1.398 af

Runoff Area=4.080 ac   53.68% Impervious   Runoff Depth=1.32"Subcatchment A2: A2
   Tc=6.0 min   CN=85   Runoff=9.30 cfs  0.450 af

Runoff Area=3.060 ac   53.59% Impervious   Runoff Depth=1.46"Subcatchment A3: A3
   Tc=6.0 min   CN=87   Runoff=7.67 cfs  0.373 af

Runoff Area=4.460 ac   65.47% Impervious   Runoff Depth=1.46"Subcatchment A4: A4
   Tc=6.0 min   CN=87   Runoff=11.18 cfs  0.544 af

Runoff Area=160,052 sf   9.69% Impervious   Runoff Depth=0.58"Subcatchment A5: A5
   Flow Length=712'   Tc=38.5 min   CN=71   Runoff=1.26 cfs  0.179 af

   Inflow=2.19 cfs  1.910 afReach DP1: DP1
   Outflow=2.19 cfs  1.910 af

Peak Elev=164.43'  Storage=6,425 cf   Inflow=7.74 cfs  0.382 afPond BR1: BR1
   Primary=0.00 cfs  0.000 af   Secondary=0.61 cfs  0.381 af   Outflow=0.61 cfs  0.381 af

Peak Elev=163.66'  Storage=8,621 cf   Inflow=9.30 cfs  0.450 afPond BR2: BR2
   Primary=0.00 cfs  0.000 af   Secondary=0.97 cfs  0.449 af   Outflow=0.97 cfs  0.449 af

Peak Elev=163.60'  Storage=9,986 cf   Inflow=10.24 cfs  0.537 afPond BR3: BR3
   Primary=0.00 cfs  0.000 af   Secondary=1.57 cfs  0.536 af   Outflow=1.57 cfs  0.536 af

Peak Elev=159.05'  Storage=43,061 cf   Inflow=27.72 cfs  1.777 afPond DB1: DB1
   Outflow=1.12 cfs  1.731 af

Peak Elev=168.05'   Inflow=7.67 cfs  0.373 afPond DS1: DS
   Primary=7.67 cfs  0.373 af   Secondary=0.00 cfs  0.000 af   Outflow=7.67 cfs  0.373 af

Peak Elev=166.69'   Inflow=11.18 cfs  0.544 afPond DS2: DS
   Primary=10.24 cfs  0.537 af   Secondary=0.95 cfs  0.007 af   Outflow=11.18 cfs  0.544 af

Peak Elev=166.36'  Storage=2,396 cf   Inflow=7.67 cfs  0.373 afPond PP1: PP1
   Outflow=6.20 cfs  0.373 af

Total Runoff Area = 45.269 ac   Runoff Volume = 3.3 25 af   Average Runoff Depth = 0.88"
74.05% Pervious = 33.521 ac     25.95% Impervious =  11.747 ac
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Summary for Subcatchment 1S: A1

Runoff = 7.74 cfs @ 11.98 hrs,  Volume= 0.382 af,  Depth= 0.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (ac) CN Adj Description
1.070 98 Unconnected pavement, HSG C
5.080 74 >75% Grass cover, Good, HSG C
0.290 39 >75% Grass cover, Good, HSG A
6.440 76 74 Weighted Average, UI Adjusted
5.370 83.39% Pervious Area
1.070 16.61% Impervious Area
1.070 100.00% Unconnected

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

6.0 Direct Entry, 

Subcatchment 1S: A1
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Type II 24-hr
1-Year Rainfall=2.68"
Runoff Area=6.440 ac

Runoff Volume=0.382 af
Runoff Depth=0.71"

Tc=6.0 min
UI Adjusted CN=74

7.74 cfs
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Summary for Subcatchment A: A

Runoff = 21.79 cfs @ 12.06 hrs,  Volume= 1.398 af,  Depth= 0.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (sf) CN Description
* 123,997 98 Roofs, driveways off site
* 31,558 98 Rock outcrop

191,327 74 >75% Grass cover, Good, HSG C
47,337 55 Woods, Good, HSG B

631,805 70 Woods, Good, HSG C
1,026,024 74 Weighted Average

870,469 84.84% Pervious Area
155,555 15.16% Impervious Area

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

6.0 100 0.4400 0.28 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

2.5 472 0.0170 3.20 73.63 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

2.8 654 0.0120 3.93 86.51 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

0.6 389 0.0050 10.30 227.15 Pipe Channel, CMP_Arch_1/2  77x52
77.0" x 52.0", R=39.4"/121.3"  Pipe Arch  Area= 22.0 sf  Perim= 17.3'  r= 1.28'
n= 0.012  

12.6 1,815 Total
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Subcatchment A: A
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Type II 24-hr
1-Year Rainfall=2.68"

Runoff Area=1,026,024 sf
Runoff Volume=1.398 af

Runoff Depth=0.71"
Flow Length=1,815'

Tc=12.6 min
CN=74

21.79 cfs
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Summary for Subcatchment A2: A2

Runoff = 9.30 cfs @ 11.97 hrs,  Volume= 0.450 af,  Depth= 1.32"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (ac) CN Description
* 2.190 98 Roofs, driveways off site

1.630 74 >75% Grass cover, Good, HSG C
0.260 39 >75% Grass cover, Good, HSG A
4.080 85 Weighted Average
1.890 46.32% Pervious Area
2.190 53.68% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A2: A2
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Type II 24-hr
1-Year Rainfall=2.68"
Runoff Area=4.080 ac

Runoff Volume=0.450 af
Runoff Depth=1.32"

Tc=6.0 min
CN=85

9.30 cfs
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Summary for Subcatchment A3: A3

Runoff = 7.67 cfs @ 11.97 hrs,  Volume= 0.373 af,  Depth= 1.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (ac) CN Description
1.500 98 Paved parking, HSG C
1.420 74 >75% Grass cover, Good, HSG C
0.140 98 Water Surface, HSG C
3.060 87 Weighted Average
1.420 46.41% Pervious Area
1.640 53.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3: A3
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Type II 24-hr
1-Year Rainfall=2.68"
Runoff Area=3.060 ac

Runoff Volume=0.373 af
Runoff Depth=1.46"

Tc=6.0 min
CN=87

7.67 cfs
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Summary for Subcatchment A4: A4

Runoff = 11.18 cfs @ 11.97 hrs,  Volume= 0.544 af,  Depth= 1.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (ac) CN Description
* 2.920 98 Roofs, Driveway off site

1.230 74 >75% Grass cover, Good, HSG C
0.310 39 >75% Grass cover, Good, HSG A
4.460 87 Weighted Average
1.540 34.53% Pervious Area
2.920 65.47% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A4: A4
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Type II 24-hr
1-Year Rainfall=2.68"
Runoff Area=4.460 ac

Runoff Volume=0.544 af
Runoff Depth=1.46"

Tc=6.0 min
CN=87

11.18 cfs
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Summary for Subcatchment A5: A5

Runoff = 1.26 cfs @ 12.41 hrs,  Volume= 0.179 af,  Depth= 0.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (sf) CN Description
* 15,516 98 Rock outcrop

23,274 55 Woods, Good, HSG B
121,262 70 Woods, Good, HSG C
160,052 71 Weighted Average
144,536 90.31% Pervious Area
15,516 9.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
35.7 100 0.0050 0.05 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
2.8 612 0.0500 3.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
38.5 712 Total

Subcatchment A5: A5
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Type II 24-hr
1-Year Rainfall=2.68"

Runoff Area=160,052 sf
Runoff Volume=0.179 af

Runoff Depth=0.58"
Flow Length=712'

Tc=38.5 min
CN=71

1.26 cfs
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Summary for Reach DP1: DP1

Inflow Area = 45.269 ac, 25.95% Impervious,  Inflow Depth > 0.51"    for  1-Year event
Inflow = 2.19 cfs @ 12.43 hrs,  Volume= 1.910 af
Outflow = 2.19 cfs @ 12.43 hrs,  Volume= 1.910 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP1: DP1

Inflow
Outflow

Hydrograph
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Inflow Area=45.269 ac
2.19 cfs2.19 cfs
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Summary for Pond BR1: BR1

Inflow Area = 6.440 ac, 16.61% Impervious,  Inflow Depth = 0.71"    for  1-Year event
Inflow = 7.74 cfs @ 11.98 hrs,  Volume= 0.382 af
Outflow = 0.61 cfs @ 12.84 hrs,  Volume= 0.381 af,  Atten= 92%,  Lag= 51.2 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.61 cfs @ 12.84 hrs,  Volume= 0.381 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.43' @ 12.84 hrs   Surf.Area= 25,420 sf   Storage= 6,425 cf

Plug-Flow detention time= 149.2 min calculated for 0.381 af (100% of inflow)
Center-of-Mass det. time= 147.6 min ( 1,018.6 - 871.0 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 32,754 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 162.60' 3,559 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,897 cf Overall  x 40.0% Voids
#3 163.30' 6,863 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

34,317 cf Overall  x 20.0% Voids
43,176 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 12,785 0 0
166.50 14,093 6,720 6,720
168.00 20,620 26,035 32,754

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

162.60 12,710 0 0
163.30 12,710 8,897 8,897

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

163.30 12,710 0 0
166.00 12,710 34,317 34,317

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 36.0"  Round Culvert   

L= 235.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 160.80'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 166.50' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 166.50' 25.0' long  x 10.0' breadth Broad-Crested Rectangul ar 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   

#4 Secondary 162.60' 6.0"  Round Culvert   
L= 565.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.60' / 158.00'   S= 0.0081 '/'   Cc= 0.900   
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n= 0.012,  Flow Area= 0.20 sf   

Primary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=162.60'  TW=158.00'   (Dynamic Tailwater)
1=Culvert   (Passes 0.00 cfs of 2.35 cfs potential flow)

2=Orifice/Grate   ( Controls 0.00 cfs)
3=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)

Secondary OutFlow   Max=0.61 cfs @ 12.84 hrs  HW=164.43'   (Free Discharge)
4=Culvert   (Barrel Controls 0.61 cfs @ 3.11 fps)
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Summary for Pond BR2: BR2

Inflow Area = 4.080 ac, 53.68% Impervious,  Inflow Depth = 1.32"    for  1-Year event
Inflow = 9.30 cfs @ 11.97 hrs,  Volume= 0.450 af
Outflow = 0.97 cfs @ 12.44 hrs,  Volume= 0.449 af,  Atten= 90%,  Lag= 28.0 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.97 cfs @ 12.44 hrs,  Volume= 0.449 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 163.66' @ 12.44 hrs   Surf.Area= 22,900 sf   Storage= 8,621 cf

Plug-Flow detention time= 123.9 min calculated for 0.449 af (100% of inflow)
Center-of-Mass det. time= 123.0 min ( 954.1 - 831.1 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 28,865 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,206 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,015 cf Overall  x 40.0% Voids
#3 161.30' 6,183 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

30,915 cf Overall  x 20.0% Voids
38,254 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 11,465 0 0
164.50 12,904 6,092 6,092
166.00 17,460 22,773 28,865

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 11,450 0 0
161.30 11,450 8,015 8,015

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 11,450 0 0
164.00 11,450 30,915 30,915

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 100.0' long  x 10.0' breadth Broad-Crested Rectangu lar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 159.10' 6.0"  Round Culvert   
L= 260.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 159.10' / 156.00'   S= 0.0119 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=160.60'  TW=158.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)

Secondary OutFlow   Max=0.97 cfs @ 12.44 hrs  HW=163.66'   (Free Discharge)
2=Culvert   (Barrel Controls 0.97 cfs @ 4.92 fps)

3=Orifice/Grate   (Passes 0.97 cfs of 1.59 cfs potential flow)
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Summary for Pond BR3: BR3

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 1.45"    for  1-Year event
Inflow = 10.24 cfs @ 11.97 hrs,  Volume= 0.537 af
Outflow = 1.57 cfs @ 12.25 hrs,  Volume= 0.536 af,  Atten= 85%,  Lag= 16.5 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 1.57 cfs @ 12.25 hrs,  Volume= 0.536 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 163.60' @ 12.25 hrs   Surf.Area= 27,000 sf   Storage= 9,986 cf

Plug-Flow detention time= 116.8 min calculated for 0.536 af (100% of inflow)
Center-of-Mass det. time= 117.6 min ( 942.3 - 824.8 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 31,079 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,780 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

9,450 cf Overall  x 40.0% Voids
#3 161.30' 7,290 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

36,450 cf Overall  x 20.0% Voids
42,149 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 13,500 0 0
164.50 14,430 6,983 6,983
166.00 17,698 24,096 31,079

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 13,500 0 0
161.30 13,500 9,450 9,450

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 13,500 0 0
164.00 13,500 36,450 36,450

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangul ar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 158.05' 6.0"  Round Culvert   L= 75.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 158.05' / 156.00'   S= 0.0273 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=160.60'  TW=158.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)

Secondary OutFlow   Max=1.57 cfs @ 12.25 hrs  HW=163.60'   (Free Discharge)
2=Culvert   (Passes 1.57 cfs of 1.64 cfs potential flow)

3=Orifice/Grate   (Orifice Controls 1.57 cfs @ 7.98 fps)
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Summary for Pond DB1: DB1

Inflow Area = 41.594 ac, 27.39% Impervious,  Inflow Depth = 0.51"    for  1-Year event
Inflow = 27.72 cfs @ 12.05 hrs,  Volume= 1.777 af
Outflow = 1.12 cfs @ 15.55 hrs,  Volume= 1.731 af,  Atten= 96%,  Lag= 210.3 min
Primary = 1.12 cfs @ 15.55 hrs,  Volume= 1.731 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 159.05' @ 15.55 hrs   Surf.Area= 42,810 sf   Storage= 43,061 cf

Plug-Flow detention time= 625.0 min calculated for 1.731 af (97% of inflow)
Center-of-Mass det. time= 610.4 min ( 1,478.6 - 868.3 )

Volume Invert Avail.Storage Storage Description
#1 158.00' 295,591 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

158.00 39,432 0 0
160.00 45,883 85,315 85,315
160.10 46,187 4,603 89,918
162.00 52,502 93,755 183,673
164.00 59,416 111,918 295,591

Device Routing     Invert Outlet Devices
#1 Primary 153.00' 36.0"  Round Culvert X 2.00   

L= 70.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 153.00' / 152.00'   S= 0.0143 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 158.00' 7.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 160.10' 36.0" W x 24.0" H Vert. Orifice/Grate X 4.00    C= 0.600   
#4 Device 1 163.20' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=1.12 cfs @ 15.55 hrs  HW=159.05'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 1.12 cfs of 145.15 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 1.12 cfs @ 4.19 fps)
3=Orifice/Grate   ( Controls 0.00 cfs)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Summary for Pond DS1: DS

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 1.46"    for  1-Year event
Inflow = 7.67 cfs @ 11.97 hrs,  Volume= 0.373 af
Outflow = 7.67 cfs @ 11.97 hrs,  Volume= 0.373 af,  Atten= 0%,  Lag= 0.0 min
Primary = 7.67 cfs @ 11.97 hrs,  Volume= 0.373 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 168.05' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.50' / 166.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 163.80' 24.0"  Round RCP_Round  24"   
L= 156.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.80' / 163.00'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 168.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=7.42 cfs @ 11.97 hrs  HW=168.01'  TW=166.33'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 7.42 cfs @ 4.20 fps)

Secondary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=163.80'  TW=158.00'   (Dynamic Tailwater)
2=RCP_Round  24"   ( Controls 0.00 cfs)

3=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)
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Summary for Pond DS2: DS

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 1.46"    for  1-Year event
Inflow = 11.18 cfs @ 11.97 hrs,  Volume= 0.544 af
Outflow = 11.18 cfs @ 11.97 hrs,  Volume= 0.544 af,  Atten= 0%,  Lag= 0.0 min
Primary = 10.24 cfs @ 11.97 hrs,  Volume= 0.537 af
Secondary = 0.95 cfs @ 11.97 hrs,  Volume= 0.007 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.69' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.50' / 164.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 164.00' 24.0"  Round RCP_Round  24"   
L= 130.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.00' / 162.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 166.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=10.00 cfs @ 11.97 hrs  HW=166.63'  TW=162.46'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 10.00 cfs @ 5.66 fps)

Secondary OutFlow   Max=0.83 cfs @ 11.97 hrs  HW=166.63'  TW=158.21'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 0.83 cfs of 19.34 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 0.83 cfs @ 1.03 fps)



Type II 24-hr  1-Year Rainfall=2.68"09.04.19 CHG&E Training Post-development A
  Printed  9/17/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 22HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Pond DS2: DS

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
908580757065605550454035302520151050

F
lo

w
  (

cf
s)

12

10

8

6

4

2

0

Inflow Area=4.460 ac
Peak Elev=166.69'

11.18 cfs11.18 cfs
10.24 cfs

0.95 cfs



Type II 24-hr  1-Year Rainfall=2.68"09.04.19 CHG&E Training Post-development A
  Printed  9/17/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 23HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Summary for Pond PP1: PP1

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 1.46"    for  1-Year event
Inflow = 7.67 cfs @ 11.97 hrs,  Volume= 0.373 af
Outflow = 6.20 cfs @ 12.02 hrs,  Volume= 0.373 af,  Atten= 19%,  Lag= 3.2 min
Primary = 6.20 cfs @ 12.02 hrs,  Volume= 0.373 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.36' @ 12.02 hrs   Surf.Area= 6,881 sf   Storage= 2,396 cf

Plug-Flow detention time= 14.2 min calculated for 0.373 af (100% of inflow)
Center-of-Mass det. time= 14.3 min ( 837.8 - 823.5 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 15,950 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 6,286 0 0
167.00 7,920 7,103 7,103
168.00 9,774 8,847 15,950

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 30.0"  Round Culvert   

L= 30.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 161.85'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 166.00' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow   Max=6.03 cfs @ 12.02 hrs  HW=166.36'  TW=158.33'   (Dynamic Tailwater)
1=Culvert   (Passes 6.03 cfs of 41.66 cfs potential flow)

2=Orifice/Grate   (Weir Controls 6.03 cfs @ 1.95 fps)
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.440 ac   16.61% Impervious   Runoff Depth=1.06"Subcatchment 1S: A1
   Tc=6.0 min   UI Adjusted CN=74   Runoff=11.82 cfs  0.571 af

Runoff Area=1,026,024 sf   15.16% Impervious   Runoff Depth=1.06"Subcatchment A: A
   Flow Length=1,815'   Tc=12.6 min   CN=74   Runoff=33.85 cfs  2.088 af

Runoff Area=4.080 ac   53.68% Impervious   Runoff Depth=1.79"Subcatchment A2: A2
   Tc=6.0 min   CN=85   Runoff=12.52 cfs  0.609 af

Runoff Area=3.060 ac   53.59% Impervious   Runoff Depth=1.95"Subcatchment A3: A3
   Tc=6.0 min   CN=87   Runoff=10.14 cfs  0.497 af

Runoff Area=4.460 ac   65.47% Impervious   Runoff Depth=1.95"Subcatchment A4: A4
   Tc=6.0 min   CN=87   Runoff=14.78 cfs  0.725 af

Runoff Area=160,052 sf   9.69% Impervious   Runoff Depth=0.90"Subcatchment A5: A5
   Flow Length=712'   Tc=38.5 min   CN=71   Runoff=2.14 cfs  0.276 af

   Inflow=3.41 cfs  2.845 afReach DP1: DP1
   Outflow=3.41 cfs  2.845 af

Peak Elev=166.06'  Storage=11,190 cf   Inflow=11.82 cfs  0.571 afPond BR1: BR1
   Primary=0.00 cfs  0.000 af   Secondary=0.69 cfs  0.570 af   Outflow=0.69 cfs  0.570 af

Peak Elev=164.26'  Storage=12,464 cf   Inflow=12.52 cfs  0.609 afPond BR2: BR2
   Primary=0.00 cfs  0.000 af   Secondary=1.01 cfs  0.609 af   Outflow=1.01 cfs  0.609 af

Peak Elev=164.13'  Storage=12,814 cf   Inflow=10.85 cfs  0.692 afPond BR3: BR3
   Primary=0.00 cfs  0.000 af   Secondary=1.70 cfs  0.691 af   Outflow=1.70 cfs  0.691 af

Peak Elev=159.61'  Storage=67,635 cf   Inflow=42.14 cfs  2.619 afPond DB1: DB1
   Outflow=1.48 cfs  2.569 af

Peak Elev=168.61'   Inflow=10.14 cfs  0.497 afPond DS1: DS
   Primary=9.94 cfs  0.496 af   Secondary=0.22 cfs  0.001 af   Outflow=10.14 cfs  0.497 af

Peak Elev=166.88'   Inflow=14.78 cfs  0.725 afPond DS2: DS
   Primary=10.85 cfs  0.692 af   Secondary=3.93 cfs  0.033 af   Outflow=14.78 cfs  0.725 af

Peak Elev=166.44'  Storage=2,945 cf   Inflow=9.94 cfs  0.496 afPond PP1: PP1
   Outflow=8.32 cfs  0.496 af

Total Runoff Area = 45.269 ac   Runoff Volume = 4.7 67 af   Average Runoff Depth = 1.26"
74.05% Pervious = 33.521 ac     25.95% Impervious =  11.747 ac
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Summary for Subcatchment 1S: A1

Runoff = 11.82 cfs @ 11.98 hrs,  Volume= 0.571 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (ac) CN Adj Description
1.070 98 Unconnected pavement, HSG C
5.080 74 >75% Grass cover, Good, HSG C
0.290 39 >75% Grass cover, Good, HSG A
6.440 76 74 Weighted Average, UI Adjusted
5.370 83.39% Pervious Area
1.070 16.61% Impervious Area
1.070 100.00% Unconnected

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

6.0 Direct Entry, 

Subcatchment 1S: A1
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Type II 24-hr
2-Year Rainfall=3.24"
Runoff Area=6.440 ac

Runoff Volume=0.571 af
Runoff Depth=1.06"

Tc=6.0 min
UI Adjusted CN=74

11.82 cfs
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Summary for Subcatchment A: A

Runoff = 33.85 cfs @ 12.05 hrs,  Volume= 2.088 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (sf) CN Description
* 123,997 98 Roofs, driveways off site
* 31,558 98 Rock outcrop

191,327 74 >75% Grass cover, Good, HSG C
47,337 55 Woods, Good, HSG B

631,805 70 Woods, Good, HSG C
1,026,024 74 Weighted Average

870,469 84.84% Pervious Area
155,555 15.16% Impervious Area

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

6.0 100 0.4400 0.28 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

2.5 472 0.0170 3.20 73.63 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

2.8 654 0.0120 3.93 86.51 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

0.6 389 0.0050 10.30 227.15 Pipe Channel, CMP_Arch_1/2  77x52
77.0" x 52.0", R=39.4"/121.3"  Pipe Arch  Area= 22.0 sf  Perim= 17.3'  r= 1.28'
n= 0.012  

12.6 1,815 Total
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Subcatchment A: A

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
2-Year Rainfall=3.24"

Runoff Area=1,026,024 sf
Runoff Volume=2.088 af

Runoff Depth=1.06"
Flow Length=1,815'

Tc=12.6 min
CN=74

33.85 cfs
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Summary for Subcatchment A2: A2

Runoff = 12.52 cfs @ 11.97 hrs,  Volume= 0.609 af,  Depth= 1.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (ac) CN Description
* 2.190 98 Roofs, driveways off site

1.630 74 >75% Grass cover, Good, HSG C
0.260 39 >75% Grass cover, Good, HSG A
4.080 85 Weighted Average
1.890 46.32% Pervious Area
2.190 53.68% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A2: A2
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Type II 24-hr
2-Year Rainfall=3.24"
Runoff Area=4.080 ac

Runoff Volume=0.609 af
Runoff Depth=1.79"

Tc=6.0 min
CN=85

12.52 cfs
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Summary for Subcatchment A3: A3

Runoff = 10.14 cfs @ 11.97 hrs,  Volume= 0.497 af,  Depth= 1.95"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (ac) CN Description
1.500 98 Paved parking, HSG C
1.420 74 >75% Grass cover, Good, HSG C
0.140 98 Water Surface, HSG C
3.060 87 Weighted Average
1.420 46.41% Pervious Area
1.640 53.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3: A3

Runoff
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Time  (hours)
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Type II 24-hr
2-Year Rainfall=3.24"
Runoff Area=3.060 ac

Runoff Volume=0.497 af
Runoff Depth=1.95"

Tc=6.0 min
CN=87

10.14 cfs
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Summary for Subcatchment A4: A4

Runoff = 14.78 cfs @ 11.97 hrs,  Volume= 0.725 af,  Depth= 1.95"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (ac) CN Description
* 2.920 98 Roofs, Driveway off site

1.230 74 >75% Grass cover, Good, HSG C
0.310 39 >75% Grass cover, Good, HSG A
4.460 87 Weighted Average
1.540 34.53% Pervious Area
2.920 65.47% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A4: A4

Runoff
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Type II 24-hr
2-Year Rainfall=3.24"
Runoff Area=4.460 ac

Runoff Volume=0.725 af
Runoff Depth=1.95"

Tc=6.0 min
CN=87

14.78 cfs
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Summary for Subcatchment A5: A5

Runoff = 2.14 cfs @ 12.39 hrs,  Volume= 0.276 af,  Depth= 0.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (sf) CN Description
* 15,516 98 Rock outcrop

23,274 55 Woods, Good, HSG B
121,262 70 Woods, Good, HSG C
160,052 71 Weighted Average
144,536 90.31% Pervious Area
15,516 9.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
35.7 100 0.0050 0.05 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
2.8 612 0.0500 3.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
38.5 712 Total

Subcatchment A5: A5

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
2-Year Rainfall=3.24"

Runoff Area=160,052 sf
Runoff Volume=0.276 af

Runoff Depth=0.90"
Flow Length=712'

Tc=38.5 min
CN=71

2.14 cfs
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Summary for Reach DP1: DP1

Inflow Area = 45.269 ac, 25.95% Impervious,  Inflow Depth > 0.75"    for  2-Year event
Inflow = 3.41 cfs @ 12.40 hrs,  Volume= 2.845 af
Outflow = 3.41 cfs @ 12.40 hrs,  Volume= 2.845 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP1: DP1

Inflow
Outflow

Hydrograph

Time  (hours)
908580757065605550454035302520151050

F
lo

w
  (

cf
s)

3

2

1

0

Inflow Area=45.269 ac
3.41 cfs3.41 cfs
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Summary for Pond BR1: BR1

Inflow Area = 6.440 ac, 16.61% Impervious,  Inflow Depth = 1.06"    for  2-Year event
Inflow = 11.82 cfs @ 11.98 hrs,  Volume= 0.571 af
Outflow = 0.69 cfs @ 13.21 hrs,  Volume= 0.570 af,  Atten= 94%,  Lag= 73.7 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 0.69 cfs @ 13.21 hrs,  Volume= 0.570 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.06' @ 13.21 hrs   Surf.Area= 38,361 sf   Storage= 11,190 cf

Plug-Flow detention time= 197.3 min calculated for 0.570 af (100% of inflow)
Center-of-Mass det. time= 196.1 min ( 1,054.1 - 857.9 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 32,754 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 162.60' 3,559 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,897 cf Overall  x 40.0% Voids
#3 163.30' 6,863 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

34,317 cf Overall  x 20.0% Voids
43,176 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 12,785 0 0
166.50 14,093 6,720 6,720
168.00 20,620 26,035 32,754

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

162.60 12,710 0 0
163.30 12,710 8,897 8,897

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

163.30 12,710 0 0
166.00 12,710 34,317 34,317

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 36.0"  Round Culvert   

L= 235.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 160.80'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 166.50' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 166.50' 25.0' long  x 10.0' breadth Broad-Crested Rectangul ar 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   

#4 Secondary 162.60' 6.0"  Round Culvert   
L= 565.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.60' / 158.00'   S= 0.0081 '/'   Cc= 0.900   
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n= 0.012,  Flow Area= 0.20 sf   

Primary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=162.60'  TW=158.00'   (Dynamic Tailwater)
1=Culvert   (Passes 0.00 cfs of 2.35 cfs potential flow)

2=Orifice/Grate   ( Controls 0.00 cfs)
3=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)

Secondary OutFlow   Max=0.69 cfs @ 13.21 hrs  HW=166.06'   (Free Discharge)
4=Culvert   (Barrel Controls 0.69 cfs @ 3.51 fps)

Pond BR1: BR1

Inflow
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Inflow Area=6.440 ac
Peak Elev=166.06'
Storage=11,190 cf

11.82 cfs

0.69 cfs
0.00 cfs0.69 cfs
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Summary for Pond BR2: BR2

Inflow Area = 4.080 ac, 53.68% Impervious,  Inflow Depth = 1.79"    for  2-Year event
Inflow = 12.52 cfs @ 11.97 hrs,  Volume= 0.609 af
Outflow = 1.01 cfs @ 12.56 hrs,  Volume= 0.609 af,  Atten= 92%,  Lag= 35.2 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 1.01 cfs @ 12.56 hrs,  Volume= 0.609 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.26' @ 12.56 hrs   Surf.Area= 35,113 sf   Storage= 12,464 cf

Plug-Flow detention time= 143.4 min calculated for 0.608 af (100% of inflow)
Center-of-Mass det. time= 144.4 min ( 966.8 - 822.4 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 28,865 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,206 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,015 cf Overall  x 40.0% Voids
#3 161.30' 6,183 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

30,915 cf Overall  x 20.0% Voids
38,254 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 11,465 0 0
164.50 12,904 6,092 6,092
166.00 17,460 22,773 28,865

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 11,450 0 0
161.30 11,450 8,015 8,015

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 11,450 0 0
164.00 11,450 30,915 30,915

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 100.0' long  x 10.0' breadth Broad-Crested Rectangu lar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 159.10' 6.0"  Round Culvert   
L= 260.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 159.10' / 156.00'   S= 0.0119 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=160.60'  TW=158.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)

Secondary OutFlow   Max=1.01 cfs @ 12.56 hrs  HW=164.26'   (Free Discharge)
2=Culvert   (Barrel Controls 1.01 cfs @ 5.13 fps)

3=Orifice/Grate   (Passes 1.01 cfs of 1.75 cfs potential flow)

Pond BR2: BR2

Inflow
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Inflow Area=4.080 ac
Peak Elev=164.26'
Storage=12,464 cf

12.52 cfs

1.01 cfs
0.00 cfs1.01 cfs
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Summary for Pond BR3: BR3

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 1.86"    for  2-Year event
Inflow = 10.85 cfs @ 11.97 hrs,  Volume= 0.692 af
Outflow = 1.70 cfs @ 12.35 hrs,  Volume= 0.691 af,  Atten= 84%,  Lag= 22.7 min
Primary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Secondary = 1.70 cfs @ 12.35 hrs,  Volume= 0.691 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.13' @ 12.35 hrs   Surf.Area= 40,738 sf   Storage= 12,814 cf

Plug-Flow detention time= 116.6 min calculated for 0.691 af (100% of inflow)
Center-of-Mass det. time= 117.6 min ( 937.5 - 819.9 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 31,079 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,780 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

9,450 cf Overall  x 40.0% Voids
#3 161.30' 7,290 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

36,450 cf Overall  x 20.0% Voids
42,149 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 13,500 0 0
164.50 14,430 6,983 6,983
166.00 17,698 24,096 31,079

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 13,500 0 0
161.30 13,500 9,450 9,450

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 13,500 0 0
164.00 13,500 36,450 36,450

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangul ar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 158.05' 6.0"  Round Culvert   L= 75.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 158.05' / 156.00'   S= 0.0273 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=0.00 cfs @ 0.00 hrs  HW=160.60'  TW=158.00'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   ( Controls 0.00 cfs)

Secondary OutFlow   Max=1.70 cfs @ 12.35 hrs  HW=164.13'   (Free Discharge)
2=Culvert   (Barrel Controls 1.70 cfs @ 8.66 fps)

3=Orifice/Grate   (Passes 1.70 cfs of 1.71 cfs potential flow)

Pond BR3: BR3
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Inflow Area=4.460 ac
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Summary for Pond DB1: DB1

Inflow Area = 41.594 ac, 27.39% Impervious,  Inflow Depth = 0.76"    for  2-Year event
Inflow = 42.14 cfs @ 12.03 hrs,  Volume= 2.619 af
Outflow = 1.48 cfs @ 15.69 hrs,  Volume= 2.569 af,  Atten= 96%,  Lag= 219.6 min
Primary = 1.48 cfs @ 15.69 hrs,  Volume= 2.569 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 159.61' @ 15.69 hrs   Surf.Area= 44,623 sf   Storage= 67,635 cf

Plug-Flow detention time= 678.5 min calculated for 2.569 af (98% of inflow)
Center-of-Mass det. time= 667.4 min ( 1,522.8 - 855.4 )

Volume Invert Avail.Storage Storage Description
#1 158.00' 295,591 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

158.00 39,432 0 0
160.00 45,883 85,315 85,315
160.10 46,187 4,603 89,918
162.00 52,502 93,755 183,673
164.00 59,416 111,918 295,591

Device Routing     Invert Outlet Devices
#1 Primary 153.00' 36.0"  Round Culvert X 2.00   

L= 70.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 153.00' / 152.00'   S= 0.0143 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 158.00' 7.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 160.10' 36.0" W x 24.0" H Vert. Orifice/Grate X 4.00    C= 0.600   
#4 Device 1 163.20' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=1.48 cfs @ 15.69 hrs  HW=159.61'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 1.48 cfs of 153.86 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 1.48 cfs @ 5.53 fps)
3=Orifice/Grate   ( Controls 0.00 cfs)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond DB1: DB1
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Summary for Pond DS1: DS

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 1.95"    for  2-Year event
Inflow = 10.14 cfs @ 11.97 hrs,  Volume= 0.497 af
Outflow = 10.14 cfs @ 11.97 hrs,  Volume= 0.497 af,  Atten= 0%,  Lag= 0.0 min
Primary = 9.94 cfs @ 11.97 hrs,  Volume= 0.496 af
Secondary = 0.22 cfs @ 11.95 hrs,  Volume= 0.001 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 168.61' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.50' / 166.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 163.80' 24.0"  Round RCP_Round  24"   
L= 156.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.80' / 163.00'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 168.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=9.66 cfs @ 11.97 hrs  HW=168.54'  TW=166.41'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 9.66 cfs @ 5.47 fps)

Secondary OutFlow   Max=0.21 cfs @ 11.95 hrs  HW=168.55'  TW=158.35'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 0.21 cfs of 26.75 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 0.21 cfs @ 0.65 fps)
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Pond DS1: DS
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Summary for Pond DS2: DS

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 1.95"    for  2-Year event
Inflow = 14.78 cfs @ 11.97 hrs,  Volume= 0.725 af
Outflow = 14.78 cfs @ 11.97 hrs,  Volume= 0.725 af,  Atten= 0%,  Lag= 0.0 min
Primary = 10.85 cfs @ 11.97 hrs,  Volume= 0.692 af
Secondary = 3.93 cfs @ 11.97 hrs,  Volume= 0.033 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.88' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.50' / 164.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 164.00' 24.0"  Round RCP_Round  24"   
L= 130.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.00' / 162.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 166.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=10.75 cfs @ 11.97 hrs  HW=166.85'  TW=163.16'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 10.75 cfs @ 6.09 fps)

Secondary OutFlow   Max=3.56 cfs @ 11.97 hrs  HW=166.85'  TW=158.41'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 3.56 cfs of 20.56 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 3.56 cfs @ 1.70 fps)
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Pond DS2: DS
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Summary for Pond PP1: PP1

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 1.95"    for  2-Year event
Inflow = 9.94 cfs @ 11.97 hrs,  Volume= 0.496 af
Outflow = 8.32 cfs @ 12.02 hrs,  Volume= 0.496 af,  Atten= 16%,  Lag= 2.9 min
Primary = 8.32 cfs @ 12.02 hrs,  Volume= 0.496 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.44' @ 12.02 hrs   Surf.Area= 7,010 sf   Storage= 2,945 cf

Plug-Flow detention time= 14.1 min calculated for 0.496 af (100% of inflow)
Center-of-Mass det. time= 13.2 min ( 828.6 - 815.5 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 15,950 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 6,286 0 0
167.00 7,920 7,103 7,103
168.00 9,774 8,847 15,950

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 30.0"  Round Culvert   

L= 30.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 161.85'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 166.00' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow   Max=8.11 cfs @ 12.02 hrs  HW=166.44'  TW=158.57'   (Dynamic Tailwater)
1=Culvert   (Passes 8.11 cfs of 42.18 cfs potential flow)

2=Orifice/Grate   (Weir Controls 8.11 cfs @ 2.16 fps)
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Pond PP1: PP1

Inflow
Primary

Hydrograph

Time  (hours)
908580757065605550454035302520151050

F
lo

w
  (

cf
s)

11
10

9
8
7
6
5
4
3
2
1
0

Inflow Area=3.060 ac
Peak Elev=166.44'
Storage=2,945 cf

9.94 cfs

8.32 cfs



Type II 24-hr  10-Year Rainfall=4.76"09.04.19 CHG&E Training Post-development A
  Printed  9/17/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 48HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.440 ac   16.61% Impervious   Runoff Depth=2.17"Subcatchment 1S: A1
   Tc=6.0 min   UI Adjusted CN=74   Runoff=24.15 cfs  1.167 af

Runoff Area=1,026,024 sf   15.16% Impervious   Runoff Depth=2.17"Subcatchment A: A
   Flow Length=1,815'   Tc=12.6 min   CN=74   Runoff=71.20 cfs  4.268 af

Runoff Area=4.080 ac   53.68% Impervious   Runoff Depth=3.15"Subcatchment A2: A2
   Tc=6.0 min   CN=85   Runoff=21.53 cfs  1.070 af

Runoff Area=3.060 ac   53.59% Impervious   Runoff Depth=3.34"Subcatchment A3: A3
   Tc=6.0 min   CN=87   Runoff=16.95 cfs  0.852 af

Runoff Area=4.460 ac   65.47% Impervious   Runoff Depth=3.34"Subcatchment A4: A4
   Tc=6.0 min   CN=87   Runoff=24.70 cfs  1.242 af

Runoff Area=160,052 sf   9.69% Impervious   Runoff Depth=1.94"Subcatchment A5: A5
   Flow Length=712'   Tc=38.5 min   CN=71   Runoff=5.05 cfs  0.593 af

   Inflow=26.48 cfs  6.328 afReach DP1: DP1
   Outflow=26.48 cfs  6.328 af

Peak Elev=166.70'  Storage=20,000 cf   Inflow=24.15 cfs  1.167 afPond BR1: BR1
   Primary=7.89 cfs  0.276 af   Secondary=0.72 cfs  0.890 af   Outflow=8.61 cfs  1.166 af

Peak Elev=164.65'  Storage=17,472 cf   Inflow=21.53 cfs  1.070 afPond BR2: BR2
   Primary=14.60 cfs  0.205 af   Secondary=1.03 cfs  0.864 af   Outflow=15.63 cfs  1.069 af

Peak Elev=164.57'  Storage=19,010 cf   Inflow=12.04 cfs  1.085 afPond BR3: BR3
   Primary=0.84 cfs  0.031 af   Secondary=1.75 cfs  1.053 af   Outflow=2.59 cfs  1.084 af

Peak Elev=160.73'  Storage=119,879 cf   Inflow=105.05 cfs  5.790 afPond DB1: DB1
   Outflow=21.47 cfs  5.735 af

Peak Elev=168.97'   Inflow=16.95 cfs  0.852 afPond DS1: DS
   Primary=11.17 cfs  0.797 af   Secondary=5.78 cfs  0.055 af   Outflow=16.95 cfs  0.852 af

Peak Elev=167.25'   Inflow=24.70 cfs  1.242 afPond DS2: DS
   Primary=12.04 cfs  1.085 af   Secondary=12.66 cfs  0.157 af   Outflow=24.70 cfs  1.242 af

Peak Elev=166.52'  Storage=3,466 cf   Inflow=11.17 cfs  0.797 afPond PP1: PP1
   Outflow=10.49 cfs  0.797 af

Total Runoff Area = 45.269 ac   Runoff Volume = 9.1 92 af   Average Runoff Depth = 2.44"
74.05% Pervious = 33.521 ac     25.95% Impervious =  11.747 ac
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Summary for Subcatchment 1S: A1

Runoff = 24.15 cfs @ 11.97 hrs,  Volume= 1.167 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (ac) CN Adj Description
1.070 98 Unconnected pavement, HSG C
5.080 74 >75% Grass cover, Good, HSG C
0.290 39 >75% Grass cover, Good, HSG A
6.440 76 74 Weighted Average, UI Adjusted
5.370 83.39% Pervious Area
1.070 16.61% Impervious Area
1.070 100.00% Unconnected

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
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Type II 24-hr
10-Year Rainfall=4.76"
Runoff Area=6.440 ac

Runoff Volume=1.167 af
Runoff Depth=2.17"

Tc=6.0 min
UI Adjusted CN=74

24.15 cfs
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Summary for Subcatchment A: A

Runoff = 71.20 cfs @ 12.05 hrs,  Volume= 4.268 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (sf) CN Description
* 123,997 98 Roofs, driveways off site
* 31,558 98 Rock outcrop

191,327 74 >75% Grass cover, Good, HSG C
47,337 55 Woods, Good, HSG B

631,805 70 Woods, Good, HSG C
1,026,024 74 Weighted Average

870,469 84.84% Pervious Area
155,555 15.16% Impervious Area

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

6.0 100 0.4400 0.28 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

2.5 472 0.0170 3.20 73.63 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

2.8 654 0.0120 3.93 86.51 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

0.6 389 0.0050 10.30 227.15 Pipe Channel, CMP_Arch_1/2  77x52
77.0" x 52.0", R=39.4"/121.3"  Pipe Arch  Area= 22.0 sf  Perim= 17.3'  r= 1.28'
n= 0.012  

12.6 1,815 Total
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Subcatchment A: A
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Type II 24-hr
10-Year Rainfall=4.76"

Runoff Area=1,026,024 sf
Runoff Volume=4.268 af

Runoff Depth=2.17"
Flow Length=1,815'

Tc=12.6 min
CN=74

71.20 cfs
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Summary for Subcatchment A2: A2

Runoff = 21.53 cfs @ 11.97 hrs,  Volume= 1.070 af,  Depth= 3.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (ac) CN Description
* 2.190 98 Roofs, driveways off site

1.630 74 >75% Grass cover, Good, HSG C
0.260 39 >75% Grass cover, Good, HSG A
4.080 85 Weighted Average
1.890 46.32% Pervious Area
2.190 53.68% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
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Type II 24-hr
10-Year Rainfall=4.76"
Runoff Area=4.080 ac

Runoff Volume=1.070 af
Runoff Depth=3.15"

Tc=6.0 min
CN=85

21.53 cfs
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Summary for Subcatchment A3: A3

Runoff = 16.95 cfs @ 11.97 hrs,  Volume= 0.852 af,  Depth= 3.34"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (ac) CN Description
1.500 98 Paved parking, HSG C
1.420 74 >75% Grass cover, Good, HSG C
0.140 98 Water Surface, HSG C
3.060 87 Weighted Average
1.420 46.41% Pervious Area
1.640 53.59% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
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Type II 24-hr
10-Year Rainfall=4.76"
Runoff Area=3.060 ac

Runoff Volume=0.852 af
Runoff Depth=3.34"

Tc=6.0 min
CN=87

16.95 cfs
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Summary for Subcatchment A4: A4

Runoff = 24.70 cfs @ 11.97 hrs,  Volume= 1.242 af,  Depth= 3.34"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (ac) CN Description
* 2.920 98 Roofs, Driveway off site

1.230 74 >75% Grass cover, Good, HSG C
0.310 39 >75% Grass cover, Good, HSG A
4.460 87 Weighted Average
1.540 34.53% Pervious Area
2.920 65.47% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
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Type II 24-hr
10-Year Rainfall=4.76"
Runoff Area=4.460 ac

Runoff Volume=1.242 af
Runoff Depth=3.34"

Tc=6.0 min
CN=87

24.70 cfs
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Summary for Subcatchment A5: A5

Runoff = 5.05 cfs @ 12.36 hrs,  Volume= 0.593 af,  Depth= 1.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (sf) CN Description
* 15,516 98 Rock outcrop

23,274 55 Woods, Good, HSG B
121,262 70 Woods, Good, HSG C
160,052 71 Weighted Average
144,536 90.31% Pervious Area
15,516 9.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
35.7 100 0.0050 0.05 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
2.8 612 0.0500 3.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
38.5 712 Total

Subcatchment A5: A5
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Type II 24-hr
10-Year Rainfall=4.76"

Runoff Area=160,052 sf
Runoff Volume=0.593 af

Runoff Depth=1.94"
Flow Length=712'

Tc=38.5 min
CN=71

5.05 cfs



Type II 24-hr  10-Year Rainfall=4.76"09.04.19 CHG&E Training Post-development A
  Printed  9/17/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 56HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Summary for Reach DP1: DP1

Inflow Area = 45.269 ac, 25.95% Impervious,  Inflow Depth > 1.68"    for  10-Year event
Inflow = 26.48 cfs @ 12.38 hrs,  Volume= 6.328 af
Outflow = 26.48 cfs @ 12.38 hrs,  Volume= 6.328 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP1: DP1

Inflow
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Summary for Pond BR1: BR1

Inflow Area = 6.440 ac, 16.61% Impervious,  Inflow Depth = 2.17"    for  10-Year event
Inflow = 24.15 cfs @ 11.97 hrs,  Volume= 1.167 af
Outflow = 8.61 cfs @ 12.11 hrs,  Volume= 1.166 af,  Atten= 64%,  Lag= 8.2 min
Primary = 7.89 cfs @ 12.11 hrs,  Volume= 0.276 af
Secondary = 0.72 cfs @ 12.11 hrs,  Volume= 0.890 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.70' @ 12.11 hrs   Surf.Area= 40,370 sf   Storage= 20,000 cf

Plug-Flow detention time= 229.7 min calculated for 1.165 af (100% of inflow)
Center-of-Mass det. time= 230.7 min ( 1,067.3 - 836.6 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 32,754 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 162.60' 3,559 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,897 cf Overall  x 40.0% Voids
#3 163.30' 6,863 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

34,317 cf Overall  x 20.0% Voids
43,176 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 12,785 0 0
166.50 14,093 6,720 6,720
168.00 20,620 26,035 32,754

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

162.60 12,710 0 0
163.30 12,710 8,897 8,897

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

163.30 12,710 0 0
166.00 12,710 34,317 34,317

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 36.0"  Round Culvert   

L= 235.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 160.80'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 166.50' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 166.50' 25.0' long  x 10.0' breadth Broad-Crested Rectangul ar 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   

#4 Secondary 162.60' 6.0"  Round Culvert   
L= 565.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.60' / 158.00'   S= 0.0081 '/'   Cc= 0.900   
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n= 0.012,  Flow Area= 0.20 sf   

Primary OutFlow   Max=7.53 cfs @ 12.11 hrs  HW=166.69'  TW=160.20'   (Dynamic Tailwater)
1=Culvert   (Passes 7.53 cfs of 56.12 cfs potential flow)

2=Orifice/Grate   (Weir Controls 2.35 cfs @ 1.43 fps)
3=Broad-Crested Rectangular Weir   (Weir Controls 5.18 cfs @ 1.09 fps)

Secondary OutFlow   Max=0.72 cfs @ 12.11 hrs  HW=166.69'   (Free Discharge)
4=Culvert   (Barrel Controls 0.72 cfs @ 3.65 fps)

Pond BR1: BR1
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Inflow Area=6.440 ac
Peak Elev=166.70'
Storage=20,000 cf
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Summary for Pond BR2: BR2

Inflow Area = 4.080 ac, 53.68% Impervious,  Inflow Depth = 3.15"    for  10-Year event
Inflow = 21.53 cfs @ 11.97 hrs,  Volume= 1.070 af
Outflow = 15.63 cfs @ 12.06 hrs,  Volume= 1.069 af,  Atten= 27%,  Lag= 5.4 min
Primary = 14.60 cfs @ 12.06 hrs,  Volume= 0.205 af
Secondary = 1.03 cfs @ 12.06 hrs,  Volume= 0.864 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.65' @ 12.06 hrs   Surf.Area= 36,264 sf   Storage= 17,472 cf

Plug-Flow detention time= 138.2 min calculated for 1.069 af (100% of inflow)
Center-of-Mass det. time= 137.7 min ( 944.1 - 806.4 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 28,865 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,206 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,015 cf Overall  x 40.0% Voids
#3 161.30' 6,183 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

30,915 cf Overall  x 20.0% Voids
38,254 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 11,465 0 0
164.50 12,904 6,092 6,092
166.00 17,460 22,773 28,865

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 11,450 0 0
161.30 11,450 8,015 8,015

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 11,450 0 0
164.00 11,450 30,915 30,915

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 100.0' long  x 10.0' breadth Broad-Crested Rectangu lar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 159.10' 6.0"  Round Culvert   
L= 260.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 159.10' / 156.00'   S= 0.0119 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=13.52 cfs @ 12.06 hrs  HW=164.64'  TW=159.82'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   (Weir Controls 13.52 cfs @ 0.94 fps)

Secondary OutFlow   Max=1.03 cfs @ 12.06 hrs  HW=164.64'   (Free Discharge)
2=Culvert   (Barrel Controls 1.03 cfs @ 5.25 fps)

3=Orifice/Grate   (Passes 1.03 cfs of 1.84 cfs potential flow)

Pond BR2: BR2
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Inflow Area=4.080 ac
Peak Elev=164.65'
Storage=17,472 cf
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14.60 cfs
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Summary for Pond BR3: BR3

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 2.92"    for  10-Year event
Inflow = 12.04 cfs @ 11.97 hrs,  Volume= 1.085 af
Outflow = 2.59 cfs @ 12.38 hrs,  Volume= 1.084 af,  Atten= 78%,  Lag= 24.9 min
Primary = 0.84 cfs @ 12.38 hrs,  Volume= 0.031 af
Secondary = 1.75 cfs @ 12.38 hrs,  Volume= 1.053 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.57' @ 12.38 hrs   Surf.Area= 41,574 sf   Storage= 19,010 cf

Plug-Flow detention time= 126.3 min calculated for 1.083 af (100% of inflow)
Center-of-Mass det. time= 127.4 min ( 939.3 - 811.9 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 31,079 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,780 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

9,450 cf Overall  x 40.0% Voids
#3 161.30' 7,290 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

36,450 cf Overall  x 20.0% Voids
42,149 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 13,500 0 0
164.50 14,430 6,983 6,983
166.00 17,698 24,096 31,079

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 13,500 0 0
161.30 13,500 9,450 9,450

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 13,500 0 0
164.00 13,500 36,450 36,450

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangul ar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 158.05' 6.0"  Round Culvert   L= 75.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 158.05' / 156.00'   S= 0.0273 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=0.84 cfs @ 12.38 hrs  HW=164.57'  TW=160.73'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   (Weir Controls 0.84 cfs @ 0.64 fps)

Secondary OutFlow   Max=1.75 cfs @ 12.38 hrs  HW=164.57'   (Free Discharge)
2=Culvert   (Barrel Controls 1.75 cfs @ 8.90 fps)

3=Orifice/Grate   (Passes 1.75 cfs of 1.82 cfs potential flow)

Pond BR3: BR3
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Summary for Pond DB1: DB1

Inflow Area = 41.594 ac, 27.39% Impervious,  Inflow Depth = 1.67"    for  10-Year event
Inflow = 105.05 cfs @ 12.04 hrs,  Volume= 5.790 af
Outflow = 21.47 cfs @ 12.39 hrs,  Volume= 5.735 af,  Atten= 80%,  Lag= 20.7 min
Primary = 21.47 cfs @ 12.39 hrs,  Volume= 5.735 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 160.73' @ 12.39 hrs   Surf.Area= 48,295 sf   Storage= 119,879 cf

Plug-Flow detention time= 484.3 min calculated for 5.732 af (99% of inflow)
Center-of-Mass det. time= 480.4 min ( 1,306.4 - 826.0 )

Volume Invert Avail.Storage Storage Description
#1 158.00' 295,591 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

158.00 39,432 0 0
160.00 45,883 85,315 85,315
160.10 46,187 4,603 89,918
162.00 52,502 93,755 183,673
164.00 59,416 111,918 295,591

Device Routing     Invert Outlet Devices
#1 Primary 153.00' 36.0"  Round Culvert X 2.00   

L= 70.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 153.00' / 152.00'   S= 0.0143 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 158.00' 7.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 160.10' 36.0" W x 24.0" H Vert. Orifice/Grate X 4.00    C= 0.600   
#4 Device 1 163.20' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=21.43 cfs @ 12.39 hrs  HW=160.73'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 21.43 cfs of 169.95 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 2.01 cfs @ 7.52 fps)
3=Orifice/Grate   (Orifice Controls 19.42 cfs @ 2.55 fps)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond DB1: DB1
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Summary for Pond DS1: DS

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 3.34"    for  10-Year event
Inflow = 16.95 cfs @ 11.97 hrs,  Volume= 0.852 af
Outflow = 16.95 cfs @ 11.97 hrs,  Volume= 0.852 af,  Atten= 0%,  Lag= 0.0 min
Primary = 11.17 cfs @ 11.97 hrs,  Volume= 0.797 af
Secondary = 5.78 cfs @ 11.97 hrs,  Volume= 0.055 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 168.97' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.50' / 166.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 163.80' 24.0"  Round RCP_Round  24"   
L= 156.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.80' / 163.00'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 168.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=11.09 cfs @ 11.97 hrs  HW=168.95'  TW=166.49'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 11.09 cfs @ 6.28 fps)

Secondary OutFlow   Max=5.36 cfs @ 11.97 hrs  HW=168.95'  TW=159.12'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 5.36 cfs of 28.20 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 5.36 cfs @ 1.99 fps)
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Pond DS1: DS
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Summary for Pond DS2: DS

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 3.34"    for  10-Year event
Inflow = 24.70 cfs @ 11.97 hrs,  Volume= 1.242 af
Outflow = 24.70 cfs @ 11.97 hrs,  Volume= 1.242 af,  Atten= 0%,  Lag= 0.0 min
Primary = 12.04 cfs @ 11.97 hrs,  Volume= 1.085 af
Secondary = 12.66 cfs @ 11.97 hrs,  Volume= 0.157 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 167.25' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.50' / 164.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 164.00' 24.0"  Round RCP_Round  24"   
L= 130.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.00' / 162.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 166.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=11.97 cfs @ 11.97 hrs  HW=167.23'  TW=164.16'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 11.97 cfs @ 6.77 fps)

Secondary OutFlow   Max=12.02 cfs @ 11.97 hrs  HW=167.23'  TW=159.13'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 12.02 cfs of 22.58 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 12.02 cfs @ 2.75 fps)
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Pond DS2: DS
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Summary for Pond PP1: PP1

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 3.13"    for  10-Year event
Inflow = 11.17 cfs @ 11.97 hrs,  Volume= 0.797 af
Outflow = 10.49 cfs @ 12.02 hrs,  Volume= 0.797 af,  Atten= 6%,  Lag= 3.5 min
Primary = 10.49 cfs @ 12.02 hrs,  Volume= 0.797 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.52' @ 12.02 hrs   Surf.Area= 7,130 sf   Storage= 3,466 cf

Plug-Flow detention time= 12.7 min calculated for 0.797 af (100% of inflow)
Center-of-Mass det. time= 11.8 min ( 817.3 - 805.6 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 15,950 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 6,286 0 0
167.00 7,920 7,103 7,103
168.00 9,774 8,847 15,950

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 30.0"  Round Culvert   

L= 30.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 161.85'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 166.00' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow   Max=10.39 cfs @ 12.02 hrs  HW=166.51'  TW=159.56'   (Dynamic Tailwater)
1=Culvert   (Passes 10.39 cfs of 42.70 cfs potential flow)

2=Orifice/Grate   (Weir Controls 10.39 cfs @ 2.34 fps)
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Pond PP1: PP1
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Inflow Area=3.060 ac
Peak Elev=166.52'
Storage=3,466 cf

11.17 cfs
10.49 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.440 ac   16.61% Impervious   Runoff Depth=3.13"Subcatchment 1S: A1
   Tc=6.0 min   UI Adjusted CN=74   Runoff=34.57 cfs  1.678 af

Runoff Area=1,026,024 sf   15.16% Impervious   Runoff Depth=3.13"Subcatchment A: A
   Flow Length=1,815'   Tc=12.6 min   CN=74   Runoff=102.50 cfs  6.136 af

Runoff Area=4.080 ac   53.68% Impervious   Runoff Depth=4.24"Subcatchment A2: A2
   Tc=6.0 min   CN=85   Runoff=28.54 cfs  1.440 af

Runoff Area=3.060 ac   53.59% Impervious   Runoff Depth=4.45"Subcatchment A3: A3
   Tc=6.0 min   CN=87   Runoff=22.20 cfs  1.135 af

Runoff Area=4.460 ac   65.47% Impervious   Runoff Depth=4.45"Subcatchment A4: A4
   Tc=6.0 min   CN=87   Runoff=32.36 cfs  1.654 af

Runoff Area=160,052 sf   9.69% Impervious   Runoff Depth=2.84"Subcatchment A5: A5
   Flow Length=712'   Tc=38.5 min   CN=71   Runoff=7.56 cfs  0.870 af

   Inflow=74.77 cfs  9.629 afReach DP1: DP1
   Outflow=74.77 cfs  9.629 af

Peak Elev=166.91'  Storage=23,332 cf   Inflow=34.57 cfs  1.678 afPond BR1: BR1
   Primary=24.53 cfs  0.671 af   Secondary=0.73 cfs  1.006 af   Outflow=25.26 cfs  1.677 af

Peak Elev=164.73'  Storage=18,515 cf   Inflow=28.54 cfs  1.440 afPond BR2: BR2
   Primary=27.26 cfs  0.444 af   Secondary=1.04 cfs  0.996 af   Outflow=28.29 cfs  1.440 af

Peak Elev=164.69'  Storage=20,837 cf   Inflow=12.74 cfs  1.375 afPond BR3: BR3
   Primary=4.13 cfs  0.151 af   Secondary=1.76 cfs  1.223 af   Outflow=5.89 cfs  1.374 af

Peak Elev=161.53'  Storage=159,563 cf   Inflow=182.52 cfs  8.815 afPond DB1: DB1
   Outflow=68.45 cfs  8.759 af

Peak Elev=169.17'   Inflow=22.20 cfs  1.135 afPond DS1: DS
   Primary=11.80 cfs  1.012 af   Secondary=10.40 cfs  0.123 af   Outflow=22.20 cfs  1.135 af

Peak Elev=167.49'   Inflow=32.36 cfs  1.654 afPond DS2: DS
   Primary=12.74 cfs  1.375 af   Secondary=19.62 cfs  0.279 af   Outflow=32.36 cfs  1.654 af

Peak Elev=166.54'  Storage=3,646 cf   Inflow=11.80 cfs  1.012 afPond PP1: PP1
   Outflow=11.27 cfs  1.012 af

Total Runoff Area = 45.269 ac   Runoff Volume = 12. 913 af   Average Runoff Depth = 3.42"
74.05% Pervious = 33.521 ac     25.95% Impervious =  11.747 ac
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Summary for Subcatchment 1S: A1

Runoff = 34.57 cfs @ 11.97 hrs,  Volume= 1.678 af,  Depth= 3.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (ac) CN Adj Description
1.070 98 Unconnected pavement, HSG C
5.080 74 >75% Grass cover, Good, HSG C
0.290 39 >75% Grass cover, Good, HSG A
6.440 76 74 Weighted Average, UI Adjusted
5.370 83.39% Pervious Area
1.070 16.61% Impervious Area
1.070 100.00% Unconnected

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

6.0 Direct Entry, 

Subcatchment 1S: A1
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Type II 24-hr
25-Year Rainfall=5.93"
Runoff Area=6.440 ac

Runoff Volume=1.678 af
Runoff Depth=3.13"

Tc=6.0 min
UI Adjusted CN=74

34.57 cfs
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Summary for Subcatchment A: A

Runoff = 102.50 cfs @ 12.05 hrs,  Volume= 6.136 af,  Depth= 3.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (sf) CN Description
* 123,997 98 Roofs, driveways off site
* 31,558 98 Rock outcrop

191,327 74 >75% Grass cover, Good, HSG C
47,337 55 Woods, Good, HSG B

631,805 70 Woods, Good, HSG C
1,026,024 74 Weighted Average

870,469 84.84% Pervious Area
155,555 15.16% Impervious Area

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

6.0 100 0.4400 0.28 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

2.5 472 0.0170 3.20 73.63 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

2.8 654 0.0120 3.93 86.51 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

0.6 389 0.0050 10.30 227.15 Pipe Channel, CMP_Arch_1/2  77x52
77.0" x 52.0", R=39.4"/121.3"  Pipe Arch  Area= 22.0 sf  Perim= 17.3'  r= 1.28'
n= 0.012  

12.6 1,815 Total
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Subcatchment A: A

Runoff

Hydrograph
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Type II 24-hr
25-Year Rainfall=5.93"

Runoff Area=1,026,024 sf
Runoff Volume=6.136 af

Runoff Depth=3.13"
Flow Length=1,815'

Tc=12.6 min
CN=74

102.50 cfs
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Summary for Subcatchment A2: A2

Runoff = 28.54 cfs @ 11.97 hrs,  Volume= 1.440 af,  Depth= 4.24"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (ac) CN Description
* 2.190 98 Roofs, driveways off site

1.630 74 >75% Grass cover, Good, HSG C
0.260 39 >75% Grass cover, Good, HSG A
4.080 85 Weighted Average
1.890 46.32% Pervious Area
2.190 53.68% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A2: A2
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Type II 24-hr
25-Year Rainfall=5.93"
Runoff Area=4.080 ac

Runoff Volume=1.440 af
Runoff Depth=4.24"

Tc=6.0 min
CN=85

28.54 cfs
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Summary for Subcatchment A3: A3

Runoff = 22.20 cfs @ 11.96 hrs,  Volume= 1.135 af,  Depth= 4.45"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (ac) CN Description
1.500 98 Paved parking, HSG C
1.420 74 >75% Grass cover, Good, HSG C
0.140 98 Water Surface, HSG C
3.060 87 Weighted Average
1.420 46.41% Pervious Area
1.640 53.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3: A3
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Type II 24-hr
25-Year Rainfall=5.93"
Runoff Area=3.060 ac

Runoff Volume=1.135 af
Runoff Depth=4.45"

Tc=6.0 min
CN=87

22.20 cfs
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Summary for Subcatchment A4: A4

Runoff = 32.36 cfs @ 11.96 hrs,  Volume= 1.654 af,  Depth= 4.45"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (ac) CN Description
* 2.920 98 Roofs, Driveway off site

1.230 74 >75% Grass cover, Good, HSG C
0.310 39 >75% Grass cover, Good, HSG A
4.460 87 Weighted Average
1.540 34.53% Pervious Area
2.920 65.47% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A4: A4
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Type II 24-hr
25-Year Rainfall=5.93"
Runoff Area=4.460 ac

Runoff Volume=1.654 af
Runoff Depth=4.45"

Tc=6.0 min
CN=87

32.36 cfs
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Summary for Subcatchment A5: A5

Runoff = 7.56 cfs @ 12.36 hrs,  Volume= 0.870 af,  Depth= 2.84"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (sf) CN Description
* 15,516 98 Rock outcrop

23,274 55 Woods, Good, HSG B
121,262 70 Woods, Good, HSG C
160,052 71 Weighted Average
144,536 90.31% Pervious Area
15,516 9.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
35.7 100 0.0050 0.05 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
2.8 612 0.0500 3.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
38.5 712 Total

Subcatchment A5: A5
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Type II 24-hr
25-Year Rainfall=5.93"

Runoff Area=160,052 sf
Runoff Volume=0.870 af

Runoff Depth=2.84"
Flow Length=712'

Tc=38.5 min
CN=71

7.56 cfs
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Summary for Reach DP1: DP1

Inflow Area = 45.269 ac, 25.95% Impervious,  Inflow Depth > 2.55"    for  25-Year event
Inflow = 74.77 cfs @ 12.22 hrs,  Volume= 9.629 af
Outflow = 74.77 cfs @ 12.22 hrs,  Volume= 9.629 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP1: DP1

Inflow
Outflow

Hydrograph
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Inflow Area=45.269 ac
74.77 cfs74.77 cfs
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Summary for Pond BR1: BR1

Inflow Area = 6.440 ac, 16.61% Impervious,  Inflow Depth = 3.13"    for  25-Year event
Inflow = 34.57 cfs @ 11.97 hrs,  Volume= 1.678 af
Outflow = 25.26 cfs @ 12.04 hrs,  Volume= 1.677 af,  Atten= 27%,  Lag= 4.4 min
Primary = 24.53 cfs @ 12.04 hrs,  Volume= 0.671 af
Secondary = 0.73 cfs @ 12.04 hrs,  Volume= 1.006 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.91' @ 12.04 hrs   Surf.Area= 41,310 sf   Storage= 23,332 cf

Plug-Flow detention time= 188.5 min calculated for 1.676 af (100% of inflow)
Center-of-Mass det. time= 189.6 min ( 1,015.8 - 826.2 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 32,754 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 162.60' 3,559 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,897 cf Overall  x 40.0% Voids
#3 163.30' 6,863 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

34,317 cf Overall  x 20.0% Voids
43,176 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 12,785 0 0
166.50 14,093 6,720 6,720
168.00 20,620 26,035 32,754

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

162.60 12,710 0 0
163.30 12,710 8,897 8,897

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

163.30 12,710 0 0
166.00 12,710 34,317 34,317

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 36.0"  Round Culvert   

L= 235.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 160.80'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 166.50' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 166.50' 25.0' long  x 10.0' breadth Broad-Crested Rectangul ar 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   

#4 Secondary 162.60' 6.0"  Round Culvert   
L= 565.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.60' / 158.00'   S= 0.0081 '/'   Cc= 0.900   
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n= 0.012,  Flow Area= 0.20 sf   

Primary OutFlow   Max=24.02 cfs @ 12.04 hrs  HW=166.91'  TW=160.80'   (Dynamic Tailwater)
1=Culvert   (Passes 24.02 cfs of 58.18 cfs potential flow)

2=Orifice/Grate   (Weir Controls 7.35 cfs @ 2.09 fps)
3=Broad-Crested Rectangular Weir   (Weir Controls 16.68 cfs @ 1.64 fps)

Secondary OutFlow   Max=0.73 cfs @ 12.04 hrs  HW=166.91'   (Free Discharge)
4=Culvert   (Barrel Controls 0.73 cfs @ 3.70 fps)

Pond BR1: BR1
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Inflow Area=6.440 ac
Peak Elev=166.91'
Storage=23,332 cf

34.57 cfs

25.26 cfs
24.53 cfs

0.73 cfs
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Summary for Pond BR2: BR2

Inflow Area = 4.080 ac, 53.68% Impervious,  Inflow Depth = 4.24"    for  25-Year event
Inflow = 28.54 cfs @ 11.97 hrs,  Volume= 1.440 af
Outflow = 28.29 cfs @ 12.01 hrs,  Volume= 1.440 af,  Atten= 1%,  Lag= 2.6 min
Primary = 27.26 cfs @ 12.01 hrs,  Volume= 0.444 af
Secondary = 1.04 cfs @ 12.01 hrs,  Volume= 0.996 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.73' @ 12.01 hrs   Surf.Area= 36,499 sf   Storage= 18,515 cf

Plug-Flow detention time= 118.7 min calculated for 1.439 af (100% of inflow)
Center-of-Mass det. time= 119.7 min ( 917.6 - 797.9 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 28,865 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,206 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,015 cf Overall  x 40.0% Voids
#3 161.30' 6,183 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

30,915 cf Overall  x 20.0% Voids
38,254 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 11,465 0 0
164.50 12,904 6,092 6,092
166.00 17,460 22,773 28,865

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 11,450 0 0
161.30 11,450 8,015 8,015

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 11,450 0 0
164.00 11,450 30,915 30,915

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 100.0' long  x 10.0' breadth Broad-Crested Rectangu lar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 159.10' 6.0"  Round Culvert   
L= 260.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 159.10' / 156.00'   S= 0.0119 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=25.59 cfs @ 12.01 hrs  HW=164.72'  TW=160.38'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   (Weir Controls 25.59 cfs @ 1.17 fps)

Secondary OutFlow   Max=1.04 cfs @ 12.01 hrs  HW=164.72'   (Free Discharge)
2=Culvert   (Barrel Controls 1.04 cfs @ 5.27 fps)

3=Orifice/Grate   (Passes 1.04 cfs of 1.86 cfs potential flow)

Pond BR2: BR2
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Summary for Pond BR3: BR3

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 3.70"    for  25-Year event
Inflow = 12.74 cfs @ 11.97 hrs,  Volume= 1.375 af
Outflow = 5.89 cfs @ 12.17 hrs,  Volume= 1.374 af,  Atten= 54%,  Lag= 12.1 min
Primary = 4.13 cfs @ 12.17 hrs,  Volume= 0.151 af
Secondary = 1.76 cfs @ 12.17 hrs,  Volume= 1.223 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.69' @ 12.17 hrs   Surf.Area= 41,844 sf   Storage= 20,837 cf

Plug-Flow detention time= 118.0 min calculated for 1.374 af (100% of inflow)
Center-of-Mass det. time= 117.5 min ( 924.6 - 807.1 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 31,079 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,780 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

9,450 cf Overall  x 40.0% Voids
#3 161.30' 7,290 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

36,450 cf Overall  x 20.0% Voids
42,149 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 13,500 0 0
164.50 14,430 6,983 6,983
166.00 17,698 24,096 31,079

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 13,500 0 0
161.30 13,500 9,450 9,450

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 13,500 0 0
164.00 13,500 36,450 36,450

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangul ar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 158.05' 6.0"  Round Culvert   L= 75.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 158.05' / 156.00'   S= 0.0273 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=4.01 cfs @ 12.17 hrs  HW=164.69'  TW=161.49'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   (Weir Controls 4.01 cfs @ 1.07 fps)

Secondary OutFlow   Max=1.76 cfs @ 12.17 hrs  HW=164.69'   (Free Discharge)
2=Culvert   (Barrel Controls 1.76 cfs @ 8.97 fps)

3=Orifice/Grate   (Passes 1.76 cfs of 1.85 cfs potential flow)
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Summary for Pond DB1: DB1

Inflow Area = 41.594 ac, 27.39% Impervious,  Inflow Depth = 2.54"    for  25-Year event
Inflow = 182.52 cfs @ 12.02 hrs,  Volume= 8.815 af
Outflow = 68.45 cfs @ 12.21 hrs,  Volume= 8.759 af,  Atten= 62%,  Lag= 11.5 min
Primary = 68.45 cfs @ 12.21 hrs,  Volume= 8.759 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 161.53' @ 12.21 hrs   Surf.Area= 50,953 sf   Storage= 159,563 cf

Plug-Flow detention time= 344.0 min calculated for 8.759 af (99% of inflow)
Center-of-Mass det. time= 340.0 min ( 1,152.0 - 812.0 )

Volume Invert Avail.Storage Storage Description
#1 158.00' 295,591 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

158.00 39,432 0 0
160.00 45,883 85,315 85,315
160.10 46,187 4,603 89,918
162.00 52,502 93,755 183,673
164.00 59,416 111,918 295,591

Device Routing     Invert Outlet Devices
#1 Primary 153.00' 36.0"  Round Culvert X 2.00   

L= 70.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 153.00' / 152.00'   S= 0.0143 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 158.00' 7.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 160.10' 36.0" W x 24.0" H Vert. Orifice/Grate X 4.00    C= 0.600   
#4 Device 1 163.20' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=68.02 cfs @ 12.21 hrs  HW=161.53'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 68.02 cfs of 180.45 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 2.31 cfs @ 8.66 fps)
3=Orifice/Grate   (Orifice Controls 65.70 cfs @ 3.84 fps)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond DB1: DB1
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Summary for Pond DS1: DS

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 4.45"    for  25-Year event
Inflow = 22.20 cfs @ 11.96 hrs,  Volume= 1.135 af
Outflow = 22.20 cfs @ 11.96 hrs,  Volume= 1.135 af,  Atten= 0%,  Lag= 0.0 min
Primary = 11.80 cfs @ 11.97 hrs,  Volume= 1.012 af
Secondary = 10.40 cfs @ 11.96 hrs,  Volume= 0.123 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 169.17' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.50' / 166.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 163.80' 24.0"  Round RCP_Round  24"   
L= 156.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.80' / 163.00'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 168.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=11.73 cfs @ 11.97 hrs  HW=169.15'  TW=166.53'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 11.73 cfs @ 6.64 fps)

Secondary OutFlow   Max=9.85 cfs @ 11.96 hrs  HW=169.15'  TW=159.85'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 9.85 cfs of 28.91 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 9.85 cfs @ 2.53 fps)
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Pond DS1: DS
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Summary for Pond DS2: DS

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 4.45"    for  25-Year event
Inflow = 32.36 cfs @ 11.96 hrs,  Volume= 1.654 af
Outflow = 32.36 cfs @ 11.96 hrs,  Volume= 1.654 af,  Atten= 0%,  Lag= 0.0 min
Primary = 12.74 cfs @ 11.97 hrs,  Volume= 1.375 af
Secondary = 19.62 cfs @ 11.96 hrs,  Volume= 0.279 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 167.49' @ 11.97 hrs

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.50' / 164.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 164.00' 24.0"  Round RCP_Round  24"   
L= 130.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.00' / 162.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 166.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=12.66 cfs @ 11.97 hrs  HW=167.46'  TW=164.36'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 12.66 cfs @ 7.16 fps)

Secondary OutFlow   Max=18.80 cfs @ 11.96 hrs  HW=167.46'  TW=159.85'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 18.80 cfs of 23.74 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 18.80 cfs @ 3.25 fps)
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Summary for Pond PP1: PP1

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 3.97"    for  25-Year event
Inflow = 11.80 cfs @ 11.97 hrs,  Volume= 1.012 af
Outflow = 11.27 cfs @ 12.02 hrs,  Volume= 1.012 af,  Atten= 4%,  Lag= 3.2 min
Primary = 11.27 cfs @ 12.02 hrs,  Volume= 1.012 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.54' @ 12.02 hrs   Surf.Area= 7,171 sf   Storage= 3,646 cf

Plug-Flow detention time= 12.2 min calculated for 1.012 af (100% of inflow)
Center-of-Mass det. time= 11.2 min ( 812.1 - 801.0 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 15,950 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 6,286 0 0
167.00 7,920 7,103 7,103
168.00 9,774 8,847 15,950

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 30.0"  Round Culvert   

L= 30.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 161.85'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 166.00' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow   Max=11.19 cfs @ 12.02 hrs  HW=166.54'  TW=160.50'   (Dynamic Tailwater)
1=Culvert   (Passes 11.19 cfs of 42.87 cfs potential flow)

2=Orifice/Grate   (Weir Controls 11.19 cfs @ 2.40 fps)
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.440 ac   16.61% Impervious   Runoff Depth=5.19"Subcatchment 1S: A1
   Tc=6.0 min   UI Adjusted CN=74   Runoff=56.56 cfs  2.788 af

Runoff Area=1,026,024 sf   15.16% Impervious   Runoff Depth=5.19"Subcatchment A: A
   Flow Length=1,815'   Tc=12.6 min   CN=74   Runoff=168.76 cfs  10.197 af

Runoff Area=4.080 ac   53.68% Impervious   Runoff Depth=6.50"Subcatchment A2: A2
   Tc=6.0 min   CN=85   Runoff=42.69 cfs  2.211 af

Runoff Area=3.060 ac   53.59% Impervious   Runoff Depth=6.74"Subcatchment A3: A3
   Tc=6.0 min   CN=87   Runoff=32.77 cfs  1.719 af

Runoff Area=4.460 ac   65.47% Impervious   Runoff Depth=6.74"Subcatchment A4: A4
   Tc=6.0 min   CN=87   Runoff=47.76 cfs  2.506 af

Runoff Area=160,052 sf   9.69% Impervious   Runoff Depth=4.84"Subcatchment A5: A5
   Flow Length=712'   Tc=38.5 min   CN=71   Runoff=13.04 cfs  1.482 af

   Inflow=171.74 cfs  16.885 afReach DP1: DP1
   Outflow=171.74 cfs  16.885 af

Peak Elev=167.16'  Storage=27,368 cf   Inflow=56.56 cfs  2.788 afPond BR1: BR1
   Primary=51.14 cfs  1.608 af   Secondary=0.74 cfs  1.179 af   Outflow=51.88 cfs  2.787 af

Peak Elev=164.80'  Storage=19,454 cf   Inflow=42.69 cfs  2.211 afPond BR2: BR2
   Primary=40.90 cfs  0.975 af   Secondary=1.04 cfs  1.235 af   Outflow=41.94 cfs  2.210 af

Peak Elev=164.83'  Storage=22,935 cf   Inflow=16.85 cfs  1.958 afPond BR3: BR3
   Primary=9.62 cfs  0.413 af   Secondary=1.78 cfs  1.544 af   Outflow=11.39 cfs  1.957 af

Peak Elev=163.05'  Storage=240,857 cf   Inflow=314.79 cfs  15.460 afPond DB1: DB1
   Outflow=162.43 cfs  15.403 af

Peak Elev=169.50'   Inflow=32.77 cfs  1.719 afPond DS1: DS
   Primary=12.77 cfs  1.429 af   Secondary=19.99 cfs  0.290 af   Outflow=32.77 cfs  1.719 af

Peak Elev=169.16'   Inflow=47.76 cfs  2.506 afPond DS2: DS
   Primary=16.85 cfs  1.958 af   Secondary=30.91 cfs  0.548 af   Outflow=47.76 cfs  2.506 af

Peak Elev=166.57'  Storage=3,883 cf   Inflow=12.77 cfs  1.429 afPond PP1: PP1
   Outflow=12.31 cfs  1.429 af

Total Runoff Area = 45.269 ac   Runoff Volume = 20. 903 af   Average Runoff Depth = 5.54"
74.05% Pervious = 33.521 ac     25.95% Impervious =  11.747 ac
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Summary for Subcatchment 1S: A1

Runoff = 56.56 cfs @ 11.97 hrs,  Volume= 2.788 af,  Depth= 5.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (ac) CN Adj Description
1.070 98 Unconnected pavement, HSG C
5.080 74 >75% Grass cover, Good, HSG C
0.290 39 >75% Grass cover, Good, HSG A
6.440 76 74 Weighted Average, UI Adjusted
5.370 83.39% Pervious Area
1.070 16.61% Impervious Area
1.070 100.00% Unconnected

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

6.0 Direct Entry, 
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Summary for Subcatchment A: A

Runoff = 168.76 cfs @ 12.04 hrs,  Volume= 10.197 af,  Depth= 5.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 123,997 98 Roofs, driveways off site
* 31,558 98 Rock outcrop

191,327 74 >75% Grass cover, Good, HSG C
47,337 55 Woods, Good, HSG B

631,805 70 Woods, Good, HSG C
1,026,024 74 Weighted Average

870,469 84.84% Pervious Area
155,555 15.16% Impervious Area

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

6.0 100 0.4400 0.28 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

2.5 472 0.0170 3.20 73.63 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

2.8 654 0.0120 3.93 86.51 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

0.6 389 0.0050 10.30 227.15 Pipe Channel, CMP_Arch_1/2  77x52
77.0" x 52.0", R=39.4"/121.3"  Pipe Arch  Area= 22.0 sf  Perim= 17.3'  r= 1.28'
n= 0.012  

12.6 1,815 Total
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Subcatchment A: A
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Summary for Subcatchment A2: A2

Runoff = 42.69 cfs @ 11.96 hrs,  Volume= 2.211 af,  Depth= 6.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (ac) CN Description
* 2.190 98 Roofs, driveways off site

1.630 74 >75% Grass cover, Good, HSG C
0.260 39 >75% Grass cover, Good, HSG A
4.080 85 Weighted Average
1.890 46.32% Pervious Area
2.190 53.68% Impervious Area

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

6.0 Direct Entry, 
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=4.080 ac
Runoff Volume=2.211 af

Runoff Depth=6.50"
Tc=6.0 min

CN=85

42.69 cfs
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Summary for Subcatchment A3: A3

Runoff = 32.77 cfs @ 11.96 hrs,  Volume= 1.719 af,  Depth= 6.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (ac) CN Description
1.500 98 Paved parking, HSG C
1.420 74 >75% Grass cover, Good, HSG C
0.140 98 Water Surface, HSG C
3.060 87 Weighted Average
1.420 46.41% Pervious Area
1.640 53.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3: A3

Runoff
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=3.060 ac
Runoff Volume=1.719 af

Runoff Depth=6.74"
Tc=6.0 min

CN=87

32.77 cfs
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Summary for Subcatchment A4: A4

Runoff = 47.76 cfs @ 11.96 hrs,  Volume= 2.506 af,  Depth= 6.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (ac) CN Description
* 2.920 98 Roofs, Driveway off site

1.230 74 >75% Grass cover, Good, HSG C
0.310 39 >75% Grass cover, Good, HSG A
4.460 87 Weighted Average
1.540 34.53% Pervious Area
2.920 65.47% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A4: A4
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=4.460 ac
Runoff Volume=2.506 af

Runoff Depth=6.74"
Tc=6.0 min

CN=87

47.76 cfs
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Summary for Subcatchment A5: A5

Runoff = 13.04 cfs @ 12.35 hrs,  Volume= 1.482 af,  Depth= 4.84"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 15,516 98 Rock outcrop

23,274 55 Woods, Good, HSG B
121,262 70 Woods, Good, HSG C
160,052 71 Weighted Average
144,536 90.31% Pervious Area
15,516 9.69% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
35.7 100 0.0050 0.05 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
2.8 612 0.0500 3.60 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
38.5 712 Total

Subcatchment A5: A5
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=160,052 sf

Runoff Volume=1.482 af
Runoff Depth=4.84"

Flow Length=712'
Tc=38.5 min

CN=71

13.04 cfs
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Summary for Reach DP1: DP1

Inflow Area = 45.269 ac, 25.95% Impervious,  Inflow Depth = 4.48"    for  100-Year event
Inflow = 171.74 cfs @ 12.16 hrs,  Volume= 16.885 af
Outflow = 171.74 cfs @ 12.16 hrs,  Volume= 16.885 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP1: DP1
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Summary for Pond BR1: BR1

Inflow Area = 6.440 ac, 16.61% Impervious,  Inflow Depth = 5.19"    for  100-Year event
Inflow = 56.56 cfs @ 11.97 hrs,  Volume= 2.788 af
Outflow = 51.88 cfs @ 12.00 hrs,  Volume= 2.787 af,  Atten= 8%,  Lag= 2.2 min
Primary = 51.14 cfs @ 12.00 hrs,  Volume= 1.608 af
Secondary = 0.74 cfs @ 12.00 hrs,  Volume= 1.179 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 167.16' @ 12.00 hrs   Surf.Area= 42,379 sf   Storage= 27,368 cf

Plug-Flow detention time= 138.0 min calculated for 2.785 af (100% of inflow)
Center-of-Mass det. time= 139.0 min ( 950.7 - 811.7 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 32,754 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 162.60' 3,559 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,897 cf Overall  x 40.0% Voids
#3 163.30' 6,863 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

34,317 cf Overall  x 20.0% Voids
43,176 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 12,785 0 0
166.50 14,093 6,720 6,720
168.00 20,620 26,035 32,754

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

162.60 12,710 0 0
163.30 12,710 8,897 8,897

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

163.30 12,710 0 0
166.00 12,710 34,317 34,317

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 36.0"  Round Culvert   

L= 235.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 160.80'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 166.50' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 166.50' 25.0' long  x 10.0' breadth Broad-Crested Rectangul ar 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   

#4 Secondary 162.60' 6.0"  Round Culvert   
L= 565.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.60' / 158.00'   S= 0.0081 '/'   Cc= 0.900   
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n= 0.012,  Flow Area= 0.20 sf   

Primary OutFlow   Max=50.57 cfs @ 12.00 hrs  HW=167.15'  TW=162.10'   (Dynamic Tailwater)
1=Culvert   (Passes 50.57 cfs of 60.45 cfs potential flow)

2=Orifice/Grate   (Weir Controls 14.93 cfs @ 2.64 fps)
3=Broad-Crested Rectangular Weir   (Weir Controls 35.64 cfs @ 2.18 fps)

Secondary OutFlow   Max=0.74 cfs @ 12.00 hrs  HW=167.15'   (Free Discharge)
4=Culvert   (Barrel Controls 0.74 cfs @ 3.75 fps)

Pond BR1: BR1
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Summary for Pond BR2: BR2

Inflow Area = 4.080 ac, 53.68% Impervious,  Inflow Depth = 6.50"    for  100-Year event
Inflow = 42.69 cfs @ 11.96 hrs,  Volume= 2.211 af
Outflow = 41.94 cfs @ 11.98 hrs,  Volume= 2.210 af,  Atten= 2%,  Lag= 1.2 min
Primary = 40.90 cfs @ 11.98 hrs,  Volume= 0.975 af
Secondary = 1.04 cfs @ 11.98 hrs,  Volume= 1.235 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.80' @ 11.98 hrs   Surf.Area= 36,708 sf   Storage= 19,454 cf

Plug-Flow detention time= 101.2 min calculated for 2.210 af (100% of inflow)
Center-of-Mass det. time= 100.7 min ( 886.7 - 786.0 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 28,865 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,206 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,015 cf Overall  x 40.0% Voids
#3 161.30' 6,183 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

30,915 cf Overall  x 20.0% Voids
38,254 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 11,465 0 0
164.50 12,904 6,092 6,092
166.00 17,460 22,773 28,865

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 11,450 0 0
161.30 11,450 8,015 8,015

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 11,450 0 0
164.00 11,450 30,915 30,915

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 100.0' long  x 10.0' breadth Broad-Crested Rectangu lar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 159.10' 6.0"  Round Culvert   
L= 260.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 159.10' / 156.00'   S= 0.0119 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=39.54 cfs @ 11.98 hrs  HW=164.79'  TW=161.83'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   (Weir Controls 39.54 cfs @ 1.36 fps)

Secondary OutFlow   Max=1.04 cfs @ 11.98 hrs  HW=164.79'   (Free Discharge)
2=Culvert   (Barrel Controls 1.04 cfs @ 5.30 fps)

3=Orifice/Grate   (Passes 1.04 cfs of 1.88 cfs potential flow)

Pond BR2: BR2
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Summary for Pond BR3: BR3

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 5.27"    for  100-Year event
Inflow = 16.85 cfs @ 11.96 hrs,  Volume= 1.958 af
Outflow = 11.39 cfs @ 12.08 hrs,  Volume= 1.957 af,  Atten= 32%,  Lag= 7.1 min
Primary = 9.62 cfs @ 12.08 hrs,  Volume= 0.413 af
Secondary = 1.78 cfs @ 12.08 hrs,  Volume= 1.544 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 164.83' @ 12.08 hrs   Surf.Area= 42,149 sf   Storage= 22,935 cf

Plug-Flow detention time= 104.4 min calculated for 1.956 af (100% of inflow)
Center-of-Mass det. time= 105.5 min ( 904.0 - 798.5 )

Volume Invert Avail.Storage Storage Description
#1 164.00' 31,079 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 160.60' 3,780 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

9,450 cf Overall  x 40.0% Voids
#3 161.30' 7,290 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

36,450 cf Overall  x 20.0% Voids
42,149 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

164.00 13,500 0 0
164.50 14,430 6,983 6,983
166.00 17,698 24,096 31,079

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

160.60 13,500 0 0
161.30 13,500 9,450 9,450

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

161.30 13,500 0 0
164.00 13,500 36,450 36,450

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 20.0' long  x 10.0' breadth Broad-Crested Rectangul ar Weir   

Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

#2 Secondary 158.05' 6.0"  Round Culvert   L= 75.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 158.05' / 156.00'   S= 0.0273 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#3 Device 2 160.60' 6.0" Vert. Orifice/Grate    C= 0.600   
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Primary OutFlow   Max=9.52 cfs @ 12.08 hrs  HW=164.83'  TW=162.85'   (Dynamic Tailwater)
1=Broad-Crested Rectangular Weir   (Weir Controls 9.52 cfs @ 1.45 fps)

Secondary OutFlow   Max=1.78 cfs @ 12.08 hrs  HW=164.83'   (Free Discharge)
2=Culvert   (Barrel Controls 1.78 cfs @ 9.05 fps)

3=Orifice/Grate   (Passes 1.78 cfs of 1.89 cfs potential flow)

Pond BR3: BR3
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Storage=22,935 cf

16.85 cfs

11.39 cfs

9.62 cfs

1.78 cfs



Type II 24-hr  100-Year Rainfall=8.30"09.04.19 CHG&E Training Post-development A
  Printed  9/17/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 109HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Summary for Pond DB1: DB1

Inflow Area = 41.594 ac, 27.39% Impervious,  Inflow Depth = 4.46"    for  100-Year event
Inflow = 314.79 cfs @ 12.01 hrs,  Volume= 15.460 af
Outflow = 162.43 cfs @ 12.15 hrs,  Volume= 15.403 af,  Atten= 48%,  Lag= 8.5 min
Primary = 162.43 cfs @ 12.15 hrs,  Volume= 15.403 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 163.05' @ 12.15 hrs   Surf.Area= 56,141 sf   Storage= 240,857 cf

Plug-Flow detention time= 212.6 min calculated for 15.403 af (100% of inflow)
Center-of-Mass det. time= 210.2 min ( 1,007.8 - 797.6 )

Volume Invert Avail.Storage Storage Description
#1 158.00' 295,591 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

158.00 39,432 0 0
160.00 45,883 85,315 85,315
160.10 46,187 4,603 89,918
162.00 52,502 93,755 183,673
164.00 59,416 111,918 295,591

Device Routing     Invert Outlet Devices
#1 Primary 153.00' 36.0"  Round Culvert X 2.00   

L= 70.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 153.00' / 152.00'   S= 0.0143 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 158.00' 7.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 160.10' 36.0" W x 24.0" H Vert. Orifice/Grate X 4.00    C= 0.600   
#4 Device 1 163.20' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=162.30 cfs @ 12.15 hrs  HW=163.05'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 162.30 cfs of 199.04 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 2.81 cfs @ 10.50 fps)
3=Orifice/Grate   (Orifice Controls 159.49 cfs @ 6.65 fps)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond DB1: DB1
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Summary for Pond DS1: DS

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 6.74"    for  100-Year event
Inflow = 32.77 cfs @ 11.96 hrs,  Volume= 1.719 af
Outflow = 32.77 cfs @ 11.96 hrs,  Volume= 1.719 af,  Atten= 0%,  Lag= 0.0 min
Primary = 12.77 cfs @ 11.96 hrs,  Volume= 1.429 af
Secondary = 19.99 cfs @ 11.96 hrs,  Volume= 0.290 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 169.50' @ 11.96 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.50' / 166.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 163.80' 24.0"  Round RCP_Round  24"   
L= 156.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.80' / 163.00'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 168.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=12.69 cfs @ 11.96 hrs  HW=169.48'  TW=166.56'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 12.69 cfs @ 7.18 fps)

Secondary OutFlow   Max=19.21 cfs @ 11.96 hrs  HW=169.48'  TW=161.52'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 19.21 cfs of 30.02 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 19.21 cfs @ 3.28 fps)
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Summary for Pond DS2: DS

Inflow Area = 4.460 ac, 65.47% Impervious,  Inflow Depth = 6.74"    for  100-Year event
Inflow = 47.76 cfs @ 11.96 hrs,  Volume= 2.506 af
Outflow = 47.76 cfs @ 11.96 hrs,  Volume= 2.506 af,  Atten= 0%,  Lag= 0.0 min
Primary = 16.85 cfs @ 11.96 hrs,  Volume= 1.958 af
Secondary = 30.91 cfs @ 11.96 hrs,  Volume= 0.548 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 169.16' @ 11.96 hrs

Device Routing     Invert Outlet Devices
#1 Primary 164.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.50' / 164.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 164.00' 24.0"  Round RCP_Round  24"   
L= 130.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 164.00' / 162.00'   S= 0.0154 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 166.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=16.40 cfs @ 11.96 hrs  HW=168.97'  TW=164.71'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 16.40 cfs @ 9.28 fps)

Secondary OutFlow   Max=30.12 cfs @ 11.96 hrs  HW=168.96'  TW=161.52'   (Dynamic Tailwater)
2=RCP_Round  24"   (Inlet Controls 30.12 cfs @ 9.59 fps)

3=Broad-Crested Rectangular Weir   (Passes 30.12 cfs of 77.07 cfs potential flow)
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Pond DS2: DS
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Summary for Pond PP1: PP1

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 5.60"    for  100-Year event
Inflow = 12.77 cfs @ 11.96 hrs,  Volume= 1.429 af
Outflow = 12.31 cfs @ 12.01 hrs,  Volume= 1.429 af,  Atten= 4%,  Lag= 2.9 min
Primary = 12.31 cfs @ 12.01 hrs,  Volume= 1.429 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.57' @ 12.01 hrs   Surf.Area= 7,225 sf   Storage= 3,883 cf

Plug-Flow detention time= 10.3 min calculated for 1.428 af (100% of inflow)
Center-of-Mass det. time= 10.4 min ( 803.8 - 793.4 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 15,950 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 6,286 0 0
167.00 7,920 7,103 7,103
168.00 9,774 8,847 15,950

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 30.0"  Round Culvert   

L= 30.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 161.85'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 4.91 sf   

#2 Device 1 166.00' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow   Max=12.25 cfs @ 12.01 hrs  HW=166.57'  TW=162.20'   (Dynamic Tailwater)
1=Culvert   (Passes 12.25 cfs of 43.08 cfs potential flow)

2=Orifice/Grate   (Weir Controls 12.25 cfs @ 2.48 fps)
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Pond PP1: PP1
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=174,108 sf   43.10% Impervious   Runoff Depth=1.54"Subcatchment B: B
   Tc=6.0 min   CN=88   Runoff=10.49 cfs  0.512 af

Runoff Area=663,518 sf   32.85% Impervious   Runoff Depth=0.71"Subcatchment B1: B1
   Flow Length=673'   Tc=15.3 min   CN=74   Runoff=12.71 cfs  0.904 af

   Inflow=12.84 cfs  1.387 afReach DP2: DP2
   Outflow=12.84 cfs  1.387 af

Peak Elev=166.67'  Storage=15,848 cf   Inflow=10.49 cfs  0.512 afPond PP2: PP2
   Outflow=0.18 cfs  0.483 af

Total Runoff Area = 19.229 ac   Runoff Volume = 1.4 16 af   Average Runoff Depth = 0.88"
65.02% Pervious = 12.503 ac     34.98% Impervious =  6.726 ac
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Summary for Subcatchment B: B

Runoff = 10.49 cfs @ 11.97 hrs,  Volume= 0.512 af,  Depth= 1.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (sf) CN Description
* 75,035 98 Paved parking

23,690 98 Water Surface, 0% imp, HSG C
75,383 74 >75% Grass cover, Good, HSG C

174,108 88 Weighted Average
99,073 56.90% Pervious Area
75,035 43.10% Impervious Area

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

6.0 Direct Entry, 

Subcatchment B: B
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Type II 24-hr
1-Year Rainfall=2.68"

Runoff Area=174,108 sf
Runoff Volume=0.512 af

Runoff Depth=1.54"
Tc=6.0 min

CN=88

10.49 cfs
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Summary for Subcatchment B1: B1

Runoff = 12.71 cfs @ 12.09 hrs,  Volume= 0.904 af,  Depth= 0.71"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  1-Year Rainfall=2.68"

Area (sf) CN Description
108,929 98 Water Surface, HSG C

* 17,354 98 Paved driveway
9,827 36 Woods, Fair, HSG A

21,742 60 Woods, Fair, HSG B
181,381 73 Woods, Fair, HSG C

* 14,494 98 Rock Outcrop
77,187 98 Paved parking, HSG C
47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
26,494 30 Woods, Good, HSG A
12,497 39 >75% Grass cover, Good, HSG A
6,568 74 >75% Grass cover, Good, HSG C

663,518 74 Weighted Average
445,554 67.15% Pervious Area
217,964 32.85% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.3 100 0.0900 0.15 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
3.4 327 0.0100 1.61 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.3 673 Total
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Subcatchment B1: B1
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Type II 24-hr
1-Year Rainfall=2.68"

Runoff Area=663,518 sf
Runoff Volume=0.904 af

Runoff Depth=0.71"
Flow Length=673'

Tc=15.3 min
CN=74

12.71 cfs
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Summary for Reach DP2: DP2

Inflow Area = 19.229 ac, 34.98% Impervious,  Inflow Depth > 0.87"    for  1-Year event
Inflow = 12.84 cfs @ 12.09 hrs,  Volume= 1.387 af
Outflow = 12.84 cfs @ 12.09 hrs,  Volume= 1.387 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP2: DP2
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Summary for Pond PP2: PP2

Inflow Area = 3.997 ac, 43.10% Impervious,  Inflow Depth = 1.54"    for  1-Year event
Inflow = 10.49 cfs @ 11.97 hrs,  Volume= 0.512 af
Outflow = 0.18 cfs @ 17.67 hrs,  Volume= 0.483 af,  Atten= 98%,  Lag= 342.1 min
Primary = 0.18 cfs @ 17.67 hrs,  Volume= 0.483 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.67' @ 17.67 hrs   Surf.Area= 24,654 sf   Storage= 15,848 cf

Plug-Flow detention time= 1,180.1 min calculated for 0.483 af (94% of inflow)
Center-of-Mass det. time= 1,148.8 min ( 1,968.2 - 819.5 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 113,923 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 22,334 0 0
167.00 25,774 24,054 24,054
168.00 28,541 27,158 51,212
169.00 31,306 29,924 81,135
170.00 34,269 32,788 113,923

Device Routing     Invert Outlet Devices
#1 Primary 163.00' 24.0"  Round Culvert   

L= 50.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.00' / 162.00'   S= 0.0200 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Device 1 166.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 167.00' 24.0" W x 8.0" H Vert. Orifice/Grate X 2.00    C= 0.600   
#4 Device 1 169.00' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=0.18 cfs @ 17.67 hrs  HW=166.67'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 0.18 cfs of 24.74 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 0.18 cfs @ 3.57 fps)
3=Orifice/Grate   ( Controls 0.00 cfs)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Inflow Area=3.997 ac
Peak Elev=166.67'
Storage=15,848 cf
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=174,108 sf   43.10% Impervious   Runoff Depth=2.03"Subcatchment B: B
   Tc=6.0 min   CN=88   Runoff=13.73 cfs  0.677 af

Runoff Area=663,518 sf   32.85% Impervious   Runoff Depth=1.06"Subcatchment B1: B1
   Flow Length=673'   Tc=15.3 min   CN=74   Runoff=19.82 cfs  1.351 af

   Inflow=19.99 cfs  1.994 afReach DP2: DP2
   Outflow=19.99 cfs  1.994 af

Peak Elev=166.90'  Storage=21,567 cf   Inflow=13.73 cfs  0.677 afPond PP2: PP2
   Outflow=0.21 cfs  0.643 af

Total Runoff Area = 19.229 ac   Runoff Volume = 2.0 28 af   Average Runoff Depth = 1.27"
65.02% Pervious = 12.503 ac     34.98% Impervious =  6.726 ac
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Summary for Subcatchment B: B

Runoff = 13.73 cfs @ 11.97 hrs,  Volume= 0.677 af,  Depth= 2.03"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (sf) CN Description
* 75,035 98 Paved parking

23,690 98 Water Surface, 0% imp, HSG C
75,383 74 >75% Grass cover, Good, HSG C

174,108 88 Weighted Average
99,073 56.90% Pervious Area
75,035 43.10% Impervious Area

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

6.0 Direct Entry, 

Subcatchment B: B
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Type II 24-hr
2-Year Rainfall=3.24"

Runoff Area=174,108 sf
Runoff Volume=0.677 af

Runoff Depth=2.03"
Tc=6.0 min

CN=88

13.73 cfs
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Summary for Subcatchment B1: B1

Runoff = 19.82 cfs @ 12.09 hrs,  Volume= 1.351 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  2-Year Rainfall=3.24"

Area (sf) CN Description
108,929 98 Water Surface, HSG C

* 17,354 98 Paved driveway
9,827 36 Woods, Fair, HSG A

21,742 60 Woods, Fair, HSG B
181,381 73 Woods, Fair, HSG C

* 14,494 98 Rock Outcrop
77,187 98 Paved parking, HSG C
47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
26,494 30 Woods, Good, HSG A
12,497 39 >75% Grass cover, Good, HSG A
6,568 74 >75% Grass cover, Good, HSG C

663,518 74 Weighted Average
445,554 67.15% Pervious Area
217,964 32.85% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.3 100 0.0900 0.15 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
3.4 327 0.0100 1.61 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.3 673 Total
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Subcatchment B1: B1

Runoff

Hydrograph

Time  (hours)
908580757065605550454035302520151050

F
lo

w
  (

cf
s)

22
20

18
16
14

12
10

8

6
4

2
0

Type II 24-hr
2-Year Rainfall=3.24"

Runoff Area=663,518 sf
Runoff Volume=1.351 af

Runoff Depth=1.06"
Flow Length=673'

Tc=15.3 min
CN=74

19.82 cfs
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Summary for Reach DP2: DP2

Inflow Area = 19.229 ac, 34.98% Impervious,  Inflow Depth > 1.24"    for  2-Year event
Inflow = 19.99 cfs @ 12.09 hrs,  Volume= 1.994 af
Outflow = 19.99 cfs @ 12.09 hrs,  Volume= 1.994 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP2: DP2
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Summary for Pond PP2: PP2

Inflow Area = 3.997 ac, 43.10% Impervious,  Inflow Depth = 2.03"    for  2-Year event
Inflow = 13.73 cfs @ 11.97 hrs,  Volume= 0.677 af
Outflow = 0.21 cfs @ 18.10 hrs,  Volume= 0.643 af,  Atten= 98%,  Lag= 368.0 min
Primary = 0.21 cfs @ 18.10 hrs,  Volume= 0.643 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.90' @ 18.10 hrs   Surf.Area= 25,440 sf   Storage= 21,567 cf

Plug-Flow detention time= 1,294.0 min calculated for 0.643 af (95% of inflow)
Center-of-Mass det. time= 1,266.9 min ( 2,078.4 - 811.5 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 113,923 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 22,334 0 0
167.00 25,774 24,054 24,054
168.00 28,541 27,158 51,212
169.00 31,306 29,924 81,135
170.00 34,269 32,788 113,923

Device Routing     Invert Outlet Devices
#1 Primary 163.00' 24.0"  Round Culvert   

L= 50.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.00' / 162.00'   S= 0.0200 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Device 1 166.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 167.00' 24.0" W x 8.0" H Vert. Orifice/Grate X 2.00    C= 0.600   
#4 Device 1 169.00' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=0.21 cfs @ 18.10 hrs  HW=166.90'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 0.21 cfs of 25.77 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 0.21 cfs @ 4.25 fps)
3=Orifice/Grate   ( Controls 0.00 cfs)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond PP2: PP2
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Inflow Area=3.997 ac
Peak Elev=166.90'
Storage=21,567 cf

13.73 cfs

0.21 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=174,108 sf   43.10% Impervious   Runoff Depth=3.44"Subcatchment B: B
   Tc=6.0 min   CN=88   Runoff=22.65 cfs  1.146 af

Runoff Area=663,518 sf   32.85% Impervious   Runoff Depth=2.17"Subcatchment B1: B1
   Flow Length=673'   Tc=15.3 min   CN=74   Runoff=41.91 cfs  2.760 af

   Inflow=42.56 cfs  3.868 afReach DP2: DP2
   Outflow=42.56 cfs  3.868 af

Peak Elev=167.22'  Storage=29,769 cf   Inflow=22.65 cfs  1.146 afPond PP2: PP2
   Outflow=1.56 cfs  1.108 af

Total Runoff Area = 19.229 ac   Runoff Volume = 3.9 06 af   Average Runoff Depth = 2.44"
65.02% Pervious = 12.503 ac     34.98% Impervious =  6.726 ac
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Summary for Subcatchment B: B

Runoff = 22.65 cfs @ 11.97 hrs,  Volume= 1.146 af,  Depth= 3.44"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (sf) CN Description
* 75,035 98 Paved parking

23,690 98 Water Surface, 0% imp, HSG C
75,383 74 >75% Grass cover, Good, HSG C

174,108 88 Weighted Average
99,073 56.90% Pervious Area
75,035 43.10% Impervious Area

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

6.0 Direct Entry, 

Subcatchment B: B
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Type II 24-hr
10-Year Rainfall=4.76"

Runoff Area=174,108 sf
Runoff Volume=1.146 af

Runoff Depth=3.44"
Tc=6.0 min

CN=88

22.65 cfs
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Summary for Subcatchment B1: B1

Runoff = 41.91 cfs @ 12.08 hrs,  Volume= 2.760 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  10-Year Rainfall=4.76"

Area (sf) CN Description
108,929 98 Water Surface, HSG C

* 17,354 98 Paved driveway
9,827 36 Woods, Fair, HSG A

21,742 60 Woods, Fair, HSG B
181,381 73 Woods, Fair, HSG C

* 14,494 98 Rock Outcrop
77,187 98 Paved parking, HSG C
47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
26,494 30 Woods, Good, HSG A
12,497 39 >75% Grass cover, Good, HSG A
6,568 74 >75% Grass cover, Good, HSG C

663,518 74 Weighted Average
445,554 67.15% Pervious Area
217,964 32.85% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.3 100 0.0900 0.15 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
3.4 327 0.0100 1.61 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.3 673 Total
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Subcatchment B1: B1
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Type II 24-hr
10-Year Rainfall=4.76"

Runoff Area=663,518 sf
Runoff Volume=2.760 af

Runoff Depth=2.17"
Flow Length=673'

Tc=15.3 min
CN=74

41.91 cfs
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Summary for Reach DP2: DP2

Inflow Area = 19.229 ac, 34.98% Impervious,  Inflow Depth > 2.41"    for  10-Year event
Inflow = 42.56 cfs @ 12.08 hrs,  Volume= 3.868 af
Outflow = 42.56 cfs @ 12.08 hrs,  Volume= 3.868 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP2: DP2

Inflow
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Inflow Area=19.229 ac
42.56 cfs42.56 cfs
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Summary for Pond PP2: PP2

Inflow Area = 3.997 ac, 43.10% Impervious,  Inflow Depth = 3.44"    for  10-Year event
Inflow = 22.65 cfs @ 11.97 hrs,  Volume= 1.146 af
Outflow = 1.56 cfs @ 12.61 hrs,  Volume= 1.108 af,  Atten= 93%,  Lag= 38.4 min
Primary = 1.56 cfs @ 12.61 hrs,  Volume= 1.108 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 167.22' @ 12.61 hrs   Surf.Area= 26,380 sf   Storage= 29,769 cf

Plug-Flow detention time= 957.8 min calculated for 1.107 af (97% of inflow)
Center-of-Mass det. time= 939.5 min ( 1,736.0 - 796.5 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 113,923 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 22,334 0 0
167.00 25,774 24,054 24,054
168.00 28,541 27,158 51,212
169.00 31,306 29,924 81,135
170.00 34,269 32,788 113,923

Device Routing     Invert Outlet Devices
#1 Primary 163.00' 24.0"  Round Culvert   

L= 50.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.00' / 162.00'   S= 0.0200 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Device 1 166.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 167.00' 24.0" W x 8.0" H Vert. Orifice/Grate X 2.00    C= 0.600   
#4 Device 1 169.00' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=1.56 cfs @ 12.61 hrs  HW=167.22'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 1.56 cfs of 27.14 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 0.25 cfs @ 5.04 fps)
3=Orifice/Grate   (Orifice Controls 1.32 cfs @ 1.50 fps)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond PP2: PP2
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Inflow Area=3.997 ac
Peak Elev=167.22'
Storage=29,769 cf

22.65 cfs

1.56 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=174,108 sf   43.10% Impervious   Runoff Depth=4.56"Subcatchment B: B
   Tc=6.0 min   CN=88   Runoff=29.50 cfs  1.518 af

Runoff Area=663,518 sf   32.85% Impervious   Runoff Depth=3.13"Subcatchment B1: B1
   Flow Length=673'   Tc=15.3 min   CN=74   Runoff=60.47 cfs  3.968 af

   Inflow=64.28 cfs  5.448 afReach DP2: DP2
   Outflow=64.28 cfs  5.448 af

Peak Elev=167.47'  Storage=36,405 cf   Inflow=29.50 cfs  1.518 afPond PP2: PP2
   Outflow=4.38 cfs  1.480 af

Total Runoff Area = 19.229 ac   Runoff Volume = 5.4 86 af   Average Runoff Depth = 3.42"
65.02% Pervious = 12.503 ac     34.98% Impervious =  6.726 ac
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Summary for Subcatchment B: B

Runoff = 29.50 cfs @ 11.96 hrs,  Volume= 1.518 af,  Depth= 4.56"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (sf) CN Description
* 75,035 98 Paved parking

23,690 98 Water Surface, 0% imp, HSG C
75,383 74 >75% Grass cover, Good, HSG C

174,108 88 Weighted Average
99,073 56.90% Pervious Area
75,035 43.10% Impervious Area

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

6.0 Direct Entry, 

Subcatchment B: B
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Type II 24-hr
25-Year Rainfall=5.93"

Runoff Area=174,108 sf
Runoff Volume=1.518 af

Runoff Depth=4.56"
Tc=6.0 min

CN=88

29.50 cfs
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Summary for Subcatchment B1: B1

Runoff = 60.47 cfs @ 12.08 hrs,  Volume= 3.968 af,  Depth= 3.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  25-Year Rainfall=5.93"

Area (sf) CN Description
108,929 98 Water Surface, HSG C

* 17,354 98 Paved driveway
9,827 36 Woods, Fair, HSG A

21,742 60 Woods, Fair, HSG B
181,381 73 Woods, Fair, HSG C

* 14,494 98 Rock Outcrop
77,187 98 Paved parking, HSG C
47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
26,494 30 Woods, Good, HSG A
12,497 39 >75% Grass cover, Good, HSG A
6,568 74 >75% Grass cover, Good, HSG C

663,518 74 Weighted Average
445,554 67.15% Pervious Area
217,964 32.85% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.3 100 0.0900 0.15 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
3.4 327 0.0100 1.61 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.3 673 Total
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Subcatchment B1: B1
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Type II 24-hr
25-Year Rainfall=5.93"

Runoff Area=663,518 sf
Runoff Volume=3.968 af

Runoff Depth=3.13"
Flow Length=673'

Tc=15.3 min
CN=74

60.47 cfs



Type II 24-hr  25-Year Rainfall=5.93"09.04.19 CHG&E Training Post-development B
  Printed  9/10/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 27HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Summary for Reach DP2: DP2

Inflow Area = 19.229 ac, 34.98% Impervious,  Inflow Depth > 3.40"    for  25-Year event
Inflow = 64.28 cfs @ 12.08 hrs,  Volume= 5.448 af
Outflow = 64.28 cfs @ 12.08 hrs,  Volume= 5.448 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP2: DP2

Inflow
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Inflow Area=19.229 ac
64.28 cfs64.28 cfs
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Summary for Pond PP2: PP2

Inflow Area = 3.997 ac, 43.10% Impervious,  Inflow Depth = 4.56"    for  25-Year event
Inflow = 29.50 cfs @ 11.96 hrs,  Volume= 1.518 af
Outflow = 4.38 cfs @ 12.20 hrs,  Volume= 1.480 af,  Atten= 85%,  Lag= 14.4 min
Primary = 4.38 cfs @ 12.20 hrs,  Volume= 1.480 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 167.47' @ 12.20 hrs   Surf.Area= 27,068 sf   Storage= 36,405 cf

Plug-Flow detention time= 747.1 min calculated for 1.479 af (97% of inflow)
Center-of-Mass det. time= 733.2 min ( 1,521.9 - 788.7 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 113,923 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 22,334 0 0
167.00 25,774 24,054 24,054
168.00 28,541 27,158 51,212
169.00 31,306 29,924 81,135
170.00 34,269 32,788 113,923

Device Routing     Invert Outlet Devices
#1 Primary 163.00' 24.0"  Round Culvert   

L= 50.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.00' / 162.00'   S= 0.0200 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Device 1 166.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 167.00' 24.0" W x 8.0" H Vert. Orifice/Grate X 2.00    C= 0.600   
#4 Device 1 169.00' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=4.38 cfs @ 12.20 hrs  HW=167.47'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 4.38 cfs of 28.17 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 0.27 cfs @ 5.58 fps)
3=Orifice/Grate   (Orifice Controls 4.10 cfs @ 2.19 fps)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond PP2: PP2
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Inflow Area=3.997 ac
Peak Elev=167.47'
Storage=36,405 cf

29.50 cfs

4.38 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=174,108 sf   43.10% Impervious   Runoff Depth=6.86"Subcatchment B: B
   Tc=6.0 min   CN=88   Runoff=43.25 cfs  2.285 af

Runoff Area=663,518 sf   32.85% Impervious   Runoff Depth=5.19"Subcatchment B1: B1
   Flow Length=673'   Tc=15.3 min   CN=74   Runoff=100.01 cfs  6.594 af

   Inflow=110.63 cfs  8.840 afReach DP2: DP2
   Outflow=110.63 cfs  8.840 af

Peak Elev=168.01'  Storage=51,546 cf   Inflow=43.25 cfs  2.285 afPond PP2: PP2
   Outflow=10.79 cfs  2.246 af

Total Runoff Area = 19.229 ac   Runoff Volume = 8.8 80 af   Average Runoff Depth = 5.54"
65.02% Pervious = 12.503 ac     34.98% Impervious =  6.726 ac
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Summary for Subcatchment B: B

Runoff = 43.25 cfs @ 11.96 hrs,  Volume= 2.285 af,  Depth= 6.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 75,035 98 Paved parking

23,690 98 Water Surface, 0% imp, HSG C
75,383 74 >75% Grass cover, Good, HSG C

174,108 88 Weighted Average
99,073 56.90% Pervious Area
75,035 43.10% Impervious Area

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

6.0 Direct Entry, 

Subcatchment B: B
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=174,108 sf
Runoff Volume=2.285 af

Runoff Depth=6.86"
Tc=6.0 min

CN=88

43.25 cfs
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Summary for Subcatchment B1: B1

Runoff = 100.01 cfs @ 12.07 hrs,  Volume= 6.594 af,  Depth= 5.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
108,929 98 Water Surface, HSG C

* 17,354 98 Paved driveway
9,827 36 Woods, Fair, HSG A

21,742 60 Woods, Fair, HSG B
181,381 73 Woods, Fair, HSG C

* 14,494 98 Rock Outcrop
77,187 98 Paved parking, HSG C
47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
38,852 39 >75% Grass cover, Good, HSG A
45,985 80 >75% Grass cover, Good, HSG D
26,494 30 Woods, Good, HSG A
12,497 39 >75% Grass cover, Good, HSG A
6,568 74 >75% Grass cover, Good, HSG C

663,518 74 Weighted Average
445,554 67.15% Pervious Area
217,964 32.85% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
11.3 100 0.0900 0.15 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
3.4 327 0.0100 1.61 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.6 246 0.0330 6.55 209.56 Channel Flow, 

Area= 32.0 sf  Perim= 40.9'  r= 0.78'  n= 0.035
15.3 673 Total
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Subcatchment B1: B1
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=663,518 sf

Runoff Volume=6.594 af
Runoff Depth=5.19"

Flow Length=673'
Tc=15.3 min

CN=74

100.01 cfs
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Summary for Reach DP2: DP2

Inflow Area = 19.229 ac, 34.98% Impervious,  Inflow Depth > 5.52"    for  100-Year event
Inflow = 110.63 cfs @ 12.07 hrs,  Volume= 8.840 af
Outflow = 110.63 cfs @ 12.07 hrs,  Volume= 8.840 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs

Reach DP2: DP2
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Inflow Area=19.229 ac
110.63 cfs110.63 cfs
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Summary for Pond PP2: PP2

Inflow Area = 3.997 ac, 43.10% Impervious,  Inflow Depth = 6.86"    for  100-Year event
Inflow = 43.25 cfs @ 11.96 hrs,  Volume= 2.285 af
Outflow = 10.79 cfs @ 12.12 hrs,  Volume= 2.246 af,  Atten= 75%,  Lag= 9.5 min
Primary = 10.79 cfs @ 12.12 hrs,  Volume= 2.246 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 168.01' @ 12.12 hrs   Surf.Area= 28,573 sf   Storage= 51,546 cf

Plug-Flow detention time= 527.4 min calculated for 2.246 af (98% of inflow)
Center-of-Mass det. time= 516.5 min ( 1,294.0 - 777.6 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 113,923 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 22,334 0 0
167.00 25,774 24,054 24,054
168.00 28,541 27,158 51,212
169.00 31,306 29,924 81,135
170.00 34,269 32,788 113,923

Device Routing     Invert Outlet Devices
#1 Primary 163.00' 24.0"  Round Culvert   

L= 50.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.00' / 162.00'   S= 0.0200 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Device 1 166.00' 3.0" Vert. Orifice/Grate    C= 0.600   
#3 Device 1 167.00' 24.0" W x 8.0" H Vert. Orifice/Grate X 2.00    C= 0.600   
#4 Device 1 169.00' 33.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow   Max=10.73 cfs @ 12.12 hrs  HW=168.00'  TW=0.00'   (Dynamic Tailwater)
1=Culvert   (Passes 10.73 cfs of 30.27 cfs potential flow)

2=Orifice/Grate   (Orifice Controls 0.32 cfs @ 6.60 fps)
3=Orifice/Grate   (Orifice Controls 10.41 cfs @ 3.90 fps)
4=Orifice/Grate   ( Controls 0.00 cfs)
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Pond PP2: PP2
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Inflow Area=3.997 ac
Peak Elev=168.01'
Storage=51,546 cf

43.25 cfs

10.79 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=76,656 sf   63.54% Impervious   Runoff Depth=6.98"Subcatchment A3-a: A3-a
   Tc=6.0 min   CN=89   Runoff=19.23 cfs  1.024 af

Runoff Area=30,098 sf   32.07% Impervious   Runoff Depth=6.15"Subcatchment A3-b: A3-b
   Tc=6.0 min   CN=82   Runoff=6.95 cfs  0.354 af

Runoff Area=84,183 sf   69.01% Impervious   Runoff Depth=7.22"Subcatchment B-a: B-a
   Tc=6.0 min   CN=91   Runoff=21.49 cfs  1.163 af

Peak Elev=170.02'   Inflow=19.23 cfs  1.024 afPond CB15: CB15
18.0"  Round Culvert x 2.00  n=0.012  L=100.0'  S=0.0050 '/'   Outflow=19.23 cfs  1.024 af

Peak Elev=170.04'   Inflow=21.49 cfs  1.163 afPond CB22: CB22
24.0"  Round Culvert  n=0.012  L=122.0'  S=0.0066 '/'   Outflow=21.49 cfs  1.163 af

Peak Elev=169.90'   Inflow=6.95 cfs  0.354 afPond CB8: CB8
18.0"  Round Culvert  n=0.012  L=170.0'  S=0.0082 '/'   Outflow=6.95 cfs  0.354 af

Total Runoff Area = 4.383 ac   Runoff Volume = 2.54 1 af   Average Runoff Depth = 6.96"
39.01% Pervious = 1.710 ac     60.99% Impervious = 2.673 ac
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Summary for Subcatchment A3-a: A3-a

Runoff = 19.23 cfs @ 11.96 hrs,  Volume= 1.024 af,  Depth= 6.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
48,708 98 Paved parking, HSG C
27,948 74 >75% Grass cover, Good, HSG C
76,656 89 Weighted Average
27,948 36.46% Pervious Area
48,708 63.54% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3-a: A3-a
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=76,656 sf
Runoff Volume=1.024 af

Runoff Depth=6.98"
Tc=6.0 min

CN=89

19.23 cfs
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Summary for Subcatchment A3-b: A3-b

Runoff = 6.95 cfs @ 11.97 hrs,  Volume= 0.354 af,  Depth= 6.15"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
9,651 98 Paved parking, HSG C

20,447 74 >75% Grass cover, Good, HSG C
30,098 82 Weighted Average
20,447 67.93% Pervious Area
9,651 32.07% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3-b: A3-b

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=30,098 sf
Runoff Volume=0.354 af

Runoff Depth=6.15"
Tc=6.0 min

CN=82

6.95 cfs
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Summary for Subcatchment B-a: B-a

Runoff = 21.49 cfs @ 11.96 hrs,  Volume= 1.163 af,  Depth= 7.22"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 58,094 98 Paved parking

26,089 74 >75% Grass cover, Good, HSG C
84,183 91 Weighted Average
26,089 30.99% Pervious Area
58,094 69.01% Impervious Area

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

6.0 Direct Entry, 

Subcatchment B-a: B-a
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=84,183 sf
Runoff Volume=1.163 af

Runoff Depth=7.22"
Tc=6.0 min

CN=91

21.49 cfs
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Summary for Pond CB15: CB15

Inflow Area = 1.760 ac, 63.54% Impervious,  Inflow Depth = 6.98"    for  100-Year event
Inflow = 19.23 cfs @ 11.96 hrs,  Volume= 1.024 af
Outflow = 19.23 cfs @ 11.96 hrs,  Volume= 1.024 af,  Atten= 0%,  Lag= 0.0 min
Primary = 19.23 cfs @ 11.96 hrs,  Volume= 1.024 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 170.02' @ 11.96 hrs

Device Routing     Invert Outlet Devices
#1 Primary 167.60' 18.0"  Round Culvert X 2.00   

L= 100.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 167.60' / 167.10'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

Primary OutFlow   Max=18.75 cfs @ 11.96 hrs  HW=169.94'   (Free Discharge)
1=Culvert   (Barrel Controls 18.75 cfs @ 5.30 fps)

Pond CB15: CB15
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Inflow Area=1.760 ac
Peak Elev=170.02'

18.0"
Round Culvert x 2.00

n=0.012
L=100.0'

S=0.0050 '/'

19.23 cfs19.23 cfs
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Summary for Pond CB22: CB22

Inflow Area = 1.933 ac, 69.01% Impervious,  Inflow Depth = 7.22"    for  100-Year event
Inflow = 21.49 cfs @ 11.96 hrs,  Volume= 1.163 af
Outflow = 21.49 cfs @ 11.96 hrs,  Volume= 1.163 af,  Atten= 0%,  Lag= 0.0 min
Primary = 21.49 cfs @ 11.96 hrs,  Volume= 1.163 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 170.04' @ 11.96 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.80' 24.0"  Round RCP_Round  24"   

L= 122.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.80' / 166.00'   S= 0.0066 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

Primary OutFlow   Max=20.97 cfs @ 11.96 hrs  HW=169.93'   (Free Discharge)
1=RCP_Round  24"   (Barrel Controls 20.97 cfs @ 6.67 fps)

Pond CB22: CB22

Inflow
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Inflow Area=1.933 ac
Peak Elev=170.04'

24.0"
Round Culvert

n=0.012
L=122.0'

S=0.0066 '/'

21.49 cfs21.49 cfs
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Summary for Pond CB8: CB8

Inflow Area = 0.691 ac, 32.07% Impervious,  Inflow Depth = 6.15"    for  100-Year event
Inflow = 6.95 cfs @ 11.97 hrs,  Volume= 0.354 af
Outflow = 6.95 cfs @ 11.97 hrs,  Volume= 0.354 af,  Atten= 0%,  Lag= 0.0 min
Primary = 6.95 cfs @ 11.97 hrs,  Volume= 0.354 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 169.90' @ 11.96 hrs

Device Routing     Invert Outlet Devices
#1 Primary 168.50' 18.0"  Round Culvert   

L= 170.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 168.50' / 167.10'   S= 0.0082 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

Primary OutFlow   Max=6.76 cfs @ 11.97 hrs  HW=169.87'   (Free Discharge)
1=Culvert   (Inlet Controls 6.76 cfs @ 3.99 fps)

Pond CB8: CB8
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Inflow Area=0.691 ac
Peak Elev=169.90'

18.0"
Round Culvert

n=0.012
L=170.0'

S=0.0082 '/'

6.95 cfs6.95 cfs
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Time span=0.00-90.00 hrs, dt=0.05 hrs, 1801 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Dyn-Stor-Ind method  -  Pond routing by Dyn-Stor-Ind method

Runoff Area=6.440 ac   16.61% Impervious   Runoff Depth=5.19"Subcatchment A1: A1
   Tc=6.0 min   UI Adjusted CN=74   Runoff=56.56 cfs  2.788 af

Runoff Area=3.060 ac   53.59% Impervious   Runoff Depth=6.74"Subcatchment A3: A3
   Tc=6.0 min   CN=87   Runoff=32.77 cfs  1.719 af

Runoff Area=592,231 sf   16.58% Impervious   Runoff Depth=5.31"Subcatchment Swale1: Swale1
   Flow Length=1,426'   Tc=12.0 min   CN=75   Runoff=101.25 cfs  6.020 af

Runoff Area=248,405 sf   8.75% Impervious   Runoff Depth=4.96"Subcatchment Swale2: Swale2
   Flow Length=840'   Tc=16.4 min   CN=72   Runoff=34.70 cfs  2.356 af

Runoff Area=38,991 sf   0.00% Impervious   Runoff Depth=4.72"Subcatchment Swale3: Swale3
   Flow Length=398'   Tc=11.4 min   CN=70   Runoff=6.09 cfs  0.352 af

Runoff Area=237,961 sf   32.44% Impervious   Runoff Depth=4.72"Subcatchment Swale4: Swale4
   Flow Length=354'   Tc=6.4 min   CN=70   Runoff=43.93 cfs  2.150 af

Runoff Area=63,167 sf   0.00% Impervious   Runoff Depth=5.19"Subcatchment Swale5: Swale5
   Flow Length=787'   Tc=14.9 min   CN=74   Runoff=9.65 cfs  0.628 af

Avg. Flow Depth=1.55'   Max Vel=5.00 fps   Inflow=101.25 cfs  6.020 afReach SW1: SW1
n=0.035   L=654.0'   S=0.0122 '/'   Capacity=161.08 cfs   Outflow=98.15 cfs  6.020 af

Avg. Flow Depth=0.73'   Max Vel=4.44 fps   Inflow=34.70 cfs  2.356 afReach SW2: SW1
n=0.035   L=895.0'   S=0.0223 '/'   Capacity=124.67 cfs   Outflow=33.25 cfs  2.356 af

Avg. Flow Depth=0.32'   Max Vel=1.87 fps   Inflow=6.09 cfs  0.352 afReach SW3: SW3
n=0.035   L=670.0'   S=0.0104 '/'   Capacity=40.03 cfs   Outflow=5.29 cfs  0.352 af

Avg. Flow Depth=0.85'   Max Vel=4.82 fps   Inflow=43.93 cfs  2.150 afReach SW4: Swalw4
n=0.035   L=272.0'   S=0.0221 '/'   Capacity=123.86 cfs   Outflow=43.59 cfs  2.150 af

Avg. Flow Depth=0.52'   Max Vel=3.15 fps   Inflow=9.65 cfs  0.628 afReach SW5: SW5
n=0.035   L=687.0'   S=0.0189 '/'   Capacity=31.55 cfs   Outflow=9.13 cfs  0.628 af

Peak Elev=167.34'  Storage=30,480 cf   Inflow=56.56 cfs  2.788 afPond BR1: BR1
   Primary=47.15 cfs  1.607 af   Secondary=0.74 cfs  1.180 af   Outflow=47.90 cfs  2.787 af

Peak Elev=169.40'   Inflow=9.13 cfs  0.628 afPond CB1: CB1
18.0"  Round Culvert  n=0.012  L=270.0'  S=0.0126 '/'   Outflow=9.13 cfs  0.628 af

Peak Elev=166.24'   Inflow=53.53 cfs  2.235 afPond DMH3: DMH3
36.0"  Round Culvert  n=0.012  L=210.0'  S=0.0050 '/'   Outflow=53.53 cfs  2.235 af

Peak Elev=165.50'   Inflow=145.79 cfs  10.095 afPond DMH6: DMH6
77.0" x 52.0", R=39.4"/121.3"  Pipe Arch Culvert  n=0.012  L=280.0'  S=0.0050 '/'   Outflow=145.79 cfs  10.095 af
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Peak Elev=169.50'   Inflow=32.77 cfs  1.719 afPond DS1: DS
   Primary=12.77 cfs  1.429 af   Secondary=19.99 cfs  0.290 af   Outflow=32.77 cfs  1.719 af

Peak Elev=166.57'  Storage=3,883 cf   Inflow=12.77 cfs  1.429 afPond PP1: PP1
   Outflow=12.31 cfs  1.429 af

Total Runoff Area = 36.606 ac   Runoff Volume = 16. 014 af   Average Runoff Depth = 5.25"
80.24% Pervious = 29.372 ac     19.76% Impervious =  7.235 ac
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Summary for Subcatchment A1: A1

Runoff = 56.56 cfs @ 11.97 hrs,  Volume= 2.788 af,  Depth= 5.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (ac) CN Adj Description
1.070 98 Unconnected pavement, HSG C
5.080 74 >75% Grass cover, Good, HSG C
0.290 39 >75% Grass cover, Good, HSG A
6.440 76 74 Weighted Average, UI Adjusted
5.370 83.39% Pervious Area
1.070 16.61% Impervious Area
1.070 100.00% Unconnected

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

6.0 Direct Entry, 

Subcatchment A1: A1
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=6.440 ac
Runoff Volume=2.788 af

Runoff Depth=5.19"
Tc=6.0 min

UI Adjusted CN=74

56.56 cfs
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Summary for Subcatchment A3: A3

Runoff = 32.77 cfs @ 11.96 hrs,  Volume= 1.719 af,  Depth= 6.74"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (ac) CN Description
1.500 98 Paved parking, HSG C
1.420 74 >75% Grass cover, Good, HSG C
0.140 98 Water Surface, HSG C
3.060 87 Weighted Average
1.420 46.41% Pervious Area
1.640 53.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment A3: A3

Runoff
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Type II 24-hr
100-Year Rainfall=8.30"

Runoff Area=3.060 ac
Runoff Volume=1.719 af

Runoff Depth=6.74"
Tc=6.0 min

CN=87

32.77 cfs
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Summary for Subcatchment Swale1: Swale1

Runoff = 101.25 cfs @ 12.04 hrs,  Volume= 6.020 af,  Depth= 5.31"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 98,169 98 Roofs, driveways off site

494,062 70 Woods, Good, HSG C
592,231 75 Weighted Average
494,062 83.42% Pervious Area
98,169 16.58% Impervious Area

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

6.0 100 0.4400 0.28 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.50"

0.7 200 0.0800 4.55 Shallow Concentrated Flow, 
Unpaved   Kv= 16.1 fps

2.5 472 0.0170 3.20 73.63 Channel Flow, 
Area= 23.0 sf  Perim= 52.3'  r= 0.44'  n= 0.035

2.8 654 0.0120 3.93 86.51 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

12.0 1,426 Total

Subcatchment Swale1: Swale1
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=592,231 sf

Runoff Volume=6.020 af
Runoff Depth=5.31"
Flow Length=1,426'

Tc=12.0 min
CN=75

101.25 cfs
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Summary for Subcatchment Swale2: Swale2

Runoff = 34.70 cfs @ 12.09 hrs,  Volume= 2.356 af,  Depth= 4.96"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
* 21,738 98 Roofs, driveways off site

226,667 70 Woods, Good, HSG C
248,405 72 Weighted Average
226,667 91.25% Pervious Area
21,738 8.75% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
14.2 100 0.0500 0.12 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
0.4 110 0.0700 4.26 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
1.8 630 0.0270 5.90 129.76 Channel Flow, 

Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035
16.4 840 Total

Subcatchment Swale2: Swale2
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=248,405 sf

Runoff Volume=2.356 af
Runoff Depth=4.96"

Flow Length=840'
Tc=16.4 min

CN=72

34.70 cfs
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Summary for Subcatchment Swale3: Swale3

Runoff = 6.09 cfs @ 12.03 hrs,  Volume= 0.352 af,  Depth= 4.72"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
38,991 70 Woods, Good, HSG C
38,991 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.4 100 0.1100 0.16 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
0.2 74 0.0950 4.96 Shallow Concentrated Flow, 

Unpaved   Kv= 16.1 fps
0.8 224 0.0180 4.82 105.95 Channel Flow, 

Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035
11.4 398 Total

Subcatchment Swale3: Swale3
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=38,991 sf

Runoff Volume=0.352 af
Runoff Depth=4.72"

Flow Length=398'
Tc=11.4 min

CN=70

6.09 cfs
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Summary for Subcatchment Swale4: Swale4

Runoff = 43.93 cfs @ 11.98 hrs,  Volume= 2.150 af,  Depth= 4.72"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
77,187 98 Roofs, HSG C
47,429 30 Woods, Good, HSG A
5,630 70 Woods, Good, HSG C

49,149 77 Woods, Good, HSG D
29,566 39 >75% Grass cover, Good, HSG A
29,000 80 >75% Grass cover, Good, HSG D

237,961 70 Weighted Average
160,774 67.56% Pervious Area
77,187 32.44% Impervious Area

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

5.5 82 0.1300 0.25 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 3.50"

0.9 272 0.0220 5.32 117.13 Channel Flow, 
Area= 22.0 sf  Perim= 28.3'  r= 0.78'  n= 0.035

6.4 354 Total

Subcatchment Swale4: Swale4
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=237,961 sf

Runoff Volume=2.150 af
Runoff Depth=4.72"

Flow Length=354'
Tc=6.4 min

CN=70

43.93 cfs
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Summary for Subcatchment Swale5: Swale5

Runoff = 9.65 cfs @ 12.07 hrs,  Volume= 0.628 af,  Depth= 5.19"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Type II 24-hr  100-Year Rainfall=8.30"

Area (sf) CN Description
63,167 74 >75% Grass cover, Good, HSG C
63,167 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
12.4 100 0.0700 0.13 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.50"
2.5 687 0.0190 4.57 63.96 Channel Flow, 

Area= 14.0 sf  Perim= 20.3'  r= 0.69'  n= 0.035
14.9 787 Total

Subcatchment Swale5: Swale5
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Type II 24-hr
100-Year Rainfall=8.30"
Runoff Area=63,167 sf

Runoff Volume=0.628 af
Runoff Depth=5.19"

Flow Length=787'
Tc=14.9 min

CN=74

9.65 cfs
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Summary for Reach SW1: SW1

Inflow Area = 13.596 ac, 16.58% Impervious,  Inflow Depth = 5.31"    for  100-Year event
Inflow = 101.25 cfs @ 12.04 hrs,  Volume= 6.020 af
Outflow = 98.15 cfs @ 12.06 hrs,  Volume= 6.020 af,  Atten= 3%,  Lag= 1.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Max. Velocity= 5.00 fps,  Min. Travel Time= 2.2 min
Avg. Velocity = 1.20 fps,  Avg. Travel Time= 9.1 min

Peak Storage= 12,820 cf @ 12.06 hrs
Average Depth at Peak Storage= 1.55'
Bank-Full Depth= 2.00'  Flow Area= 28.0 sf,  Capacity= 161.08 cfs

8.00'  x  2.00'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 20.00'
Length= 654.0'   Slope= 0.0122 '/'
Inlet Invert= 170.00',  Outlet Invert= 162.00'

‡

Reach SW1: SW1
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Inflow Area=13.596 ac
Avg. Flow Depth=1.55'

Max Vel=5.00 fps
n=0.035
L=654.0'

S=0.0122 '/'
Capacity=161.08 cfs

101.25 cfs
98.15 cfs
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Summary for Reach SW2: SW1

Inflow Area = 5.703 ac, 8.75% Impervious,  Inflow Depth = 4.96"    for  100-Year event
Inflow = 34.70 cfs @ 12.09 hrs,  Volume= 2.356 af
Outflow = 33.25 cfs @ 12.12 hrs,  Volume= 2.356 af,  Atten= 4%,  Lag= 2.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.44 fps,  Min. Travel Time= 3.4 min
Avg. Velocity = 1.04 fps,  Avg. Travel Time= 14.4 min

Peak Storage= 6,667 cf @ 12.12 hrs
Average Depth at Peak Storage= 0.73'
Bank-Full Depth= 1.50'  Flow Area= 18.8 sf,  Capacity= 124.67 cfs

8.00'  x  1.50'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 17.00'
Length= 895.0'   Slope= 0.0223 '/'
Inlet Invert= 182.00',  Outlet Invert= 162.00'

‡

Reach SW2: SW1
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Inflow Area=5.703 ac
Avg. Flow Depth=0.73'

Max Vel=4.44 fps
n=0.035
L=895.0'

S=0.0223 '/'
Capacity=124.67 cfs

34.70 cfs
33.25 cfs
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Summary for Reach SW3: SW3

Inflow Area = 0.895 ac, 0.00% Impervious,  Inflow Depth = 4.72"    for  100-Year event
Inflow = 6.09 cfs @ 12.03 hrs,  Volume= 0.352 af
Outflow = 5.29 cfs @ 12.09 hrs,  Volume= 0.352 af,  Atten= 13%,  Lag= 3.4 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.87 fps,  Min. Travel Time= 6.0 min
Avg. Velocity = 0.40 fps,  Avg. Travel Time= 27.8 min

Peak Storage= 1,895 cf @ 12.09 hrs
Average Depth at Peak Storage= 0.32'
Bank-Full Depth= 1.00'  Flow Area= 11.0 sf,  Capacity= 40.03 cfs

8.00'  x  1.00'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 14.00'
Length= 670.0'   Slope= 0.0104 '/'
Inlet Invert= 180.00',  Outlet Invert= 173.00'

‡

Reach SW3: SW3
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Inflow Area=0.895 ac
Avg. Flow Depth=0.32'

Max Vel=1.87 fps
n=0.035
L=670.0'

S=0.0104 '/'
Capacity=40.03 cfs

6.09 cfs

5.29 cfs
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Summary for Reach SW4: Swalw4

Inflow Area = 5.463 ac, 32.44% Impervious,  Inflow Depth = 4.72"    for  100-Year event
Inflow = 43.93 cfs @ 11.98 hrs,  Volume= 2.150 af
Outflow = 43.59 cfs @ 11.99 hrs,  Volume= 2.150 af,  Atten= 1%,  Lag= 0.7 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Max. Velocity= 4.82 fps,  Min. Travel Time= 0.9 min
Avg. Velocity = 1.13 fps,  Avg. Travel Time= 4.0 min

Peak Storage= 2,451 cf @ 11.99 hrs
Average Depth at Peak Storage= 0.85'
Bank-Full Depth= 1.50'  Flow Area= 18.8 sf,  Capacity= 123.86 cfs

8.00'  x  1.50'  deep channel,  n= 0.035
Side Slope Z-value= 3.0 '/'   Top Width= 17.00'
Length= 272.0'   Slope= 0.0221 '/'
Inlet Invert= 176.00',  Outlet Invert= 170.00'

‡

Reach SW4: Swalw4
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Inflow Area=5.463 ac
Avg. Flow Depth=0.85'

Max Vel=4.82 fps
n=0.035
L=272.0'

S=0.0221 '/'
Capacity=123.86 cfs

43.93 cfs
43.59 cfs



Type II 24-hr  100-Year Rainfall=8.30"09.04.19 CHG&E Training Swales
  Printed  9/10/2019Prepared by Lawrence J. Paggi, P.E., P.C.

Page 15HydroCAD® 10.00-18  s/n 07219  © 2016 HydroCAD Software Solutions LLC

Summary for Reach SW5: SW5

Inflow Area = 1.450 ac, 0.00% Impervious,  Inflow Depth = 5.19"    for  100-Year event
Inflow = 9.65 cfs @ 12.07 hrs,  Volume= 0.628 af
Outflow = 9.13 cfs @ 12.11 hrs,  Volume= 0.628 af,  Atten= 5%,  Lag= 2.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.15 fps,  Min. Travel Time= 3.6 min
Avg. Velocity = 0.75 fps,  Avg. Travel Time= 15.2 min

Peak Storage= 1,988 cf @ 12.11 hrs
Average Depth at Peak Storage= 0.52'
Bank-Full Depth= 1.00'  Flow Area= 7.0 sf,  Capacity= 31.55 cfs

4.00'  x  1.00'  deep channel,  n= 0.035  Earth, dense weeds
Side Slope Z-value= 3.0 '/'   Top Width= 10.00'
Length= 687.0'   Slope= 0.0189 '/'
Inlet Invert= 184.00',  Outlet Invert= 171.00'

‡

Reach SW5: SW5
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Inflow Area=1.450 ac
Avg. Flow Depth=0.52'

Max Vel=3.15 fps
n=0.035
L=687.0'

S=0.0189 '/'
Capacity=31.55 cfs

9.65 cfs
9.13 cfs
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Summary for Pond BR1: BR1

Inflow Area = 6.440 ac, 16.61% Impervious,  Inflow Depth = 5.19"    for  100-Year event
Inflow = 56.56 cfs @ 11.97 hrs,  Volume= 2.788 af
Outflow = 47.90 cfs @ 12.00 hrs,  Volume= 2.787 af,  Atten= 15%,  Lag= 1.8 min
Primary = 47.15 cfs @ 12.00 hrs,  Volume= 1.607 af
Secondary = 0.74 cfs @ 12.03 hrs,  Volume= 1.180 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 167.34' @ 12.03 hrs   Surf.Area= 43,159 sf   Storage= 30,480 cf

Plug-Flow detention time= 139.2 min calculated for 2.785 af (100% of inflow)
Center-of-Mass det. time= 140.2 min ( 951.9 - 811.7 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 32,754 cf Custom Stage Data (Prismatic)  Listed below (Recalc)
#2 162.60' 3,559 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

8,897 cf Overall  x 40.0% Voids
#3 163.30' 6,863 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

34,317 cf Overall  x 20.0% Voids
43,176 cf Total Available Storage

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 12,785 0 0
166.50 14,093 6,720 6,720
168.00 20,620 26,035 32,754

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

162.60 12,710 0 0
163.30 12,710 8,897 8,897

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

163.30 12,710 0 0
166.00 12,710 34,317 34,317

Device Routing     Invert Outlet Devices
#1 Primary 162.00' 36.0"  Round Culvert   

L= 235.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.00' / 160.80'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

#2 Device 1 166.50' 29.8" x 29.8" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 166.50' 29.8" x 29.8" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#4 Secondary 162.60' 6.0"  Round Culvert   
L= 565.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.60' / 158.00'   S= 0.0081 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   
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Primary OutFlow   Max=34.99 cfs @ 12.00 hrs  HW=167.30'  TW=166.18'   (Dynamic Tailwater)
1=Culvert   (Outlet Controls 34.99 cfs @ 4.95 fps)

2=Orifice/Grate   (Passes < 23.29 cfs potential flow)
3=Orifice/Grate   (Passes < 23.29 cfs potential flow)

Secondary OutFlow   Max=0.74 cfs @ 12.03 hrs  HW=167.32'   (Free Discharge)
4=Culvert   (Barrel Controls 0.74 cfs @ 3.79 fps)

Pond BR1: BR1
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Inflow Area=6.440 ac
Peak Elev=167.34'
Storage=30,480 cf

56.56 cfs

47.90 cfs
47.15 cfs

0.74 cfs
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Summary for Pond CB1: CB1

Inflow Area = 1.450 ac, 0.00% Impervious,  Inflow Depth = 5.19"    for  100-Year event
Inflow = 9.13 cfs @ 12.11 hrs,  Volume= 0.628 af
Outflow = 9.13 cfs @ 12.11 hrs,  Volume= 0.628 af,  Atten= 0%,  Lag= 0.0 min
Primary = 9.13 cfs @ 12.11 hrs,  Volume= 0.628 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 169.40' @ 12.11 hrs

Device Routing     Invert Outlet Devices
#1 Primary 167.50' 18.0"  Round Culvert   

L= 270.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 167.50' / 164.10'   S= 0.0126 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

Primary OutFlow   Max=9.03 cfs @ 12.11 hrs  HW=169.38'  TW=165.27'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 9.03 cfs @ 5.11 fps)

Pond CB1: CB1
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Inflow Area=1.450 ac
Peak Elev=169.40'

18.0"
Round Culvert

n=0.012
L=270.0'

S=0.0126 '/'

9.13 cfs9.13 cfs
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Summary for Pond DMH3: DMH3

Inflow Area = 7.890 ac, 13.56% Impervious,  Inflow Depth = 3.40"    for  100-Year event
Inflow = 53.53 cfs @ 12.00 hrs,  Volume= 2.235 af
Outflow = 53.53 cfs @ 12.00 hrs,  Volume= 2.235 af,  Atten= 0%,  Lag= 0.0 min
Primary = 53.53 cfs @ 12.00 hrs,  Volume= 2.235 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.24' @ 12.00 hrs

Device Routing     Invert Outlet Devices
#1 Primary 161.80' 36.0"  Round Culvert   

L= 210.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 161.80' / 160.75'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 7.07 sf   

Primary OutFlow   Max=53.18 cfs @ 12.00 hrs  HW=166.21'   (Free Discharge)
1=Culvert   (Barrel Controls 53.18 cfs @ 7.52 fps)

Pond DMH3: DMH3
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Inflow Area=7.890 ac
Peak Elev=166.24'

36.0"
Round Culvert

n=0.012
L=210.0'

S=0.0050 '/'

53.53 cfs53.53 cfs
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Summary for Pond DMH6: DMH6

Inflow Area = 22.358 ac, 19.65% Impervious,  Inflow Depth = 5.42"    for  100-Year event
Inflow = 145.79 cfs @ 12.05 hrs,  Volume= 10.095 af
Outflow = 145.79 cfs @ 12.05 hrs,  Volume= 10.095 af,  Atten= 0%,  Lag= 0.0 min
Primary = 145.79 cfs @ 12.05 hrs,  Volume= 10.095 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 165.50' @ 12.05 hrs

Device Routing     Invert Outlet Devices
#1 Primary 161.40' 77.0" W x 52.0" H, R=39.4"/121.3"  Pipe Arch CMP_Ar ch_1/2  77x52   

L= 280.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 161.40' / 160.00'   S= 0.0050 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 22.05 sf   

Primary OutFlow   Max=145.71 cfs @ 12.05 hrs  HW=165.50'   (Free Discharge)
1=CMP_Arch_1/2  77x52   (Inlet Controls 145.71 cfs @ 6.73 fps)

Pond DMH6: DMH6

Inflow
Primary

Hydrograph

Time  (hours)
908580757065605550454035302520151050

F
lo

w
  (

cf
s)

160

140

120

100

80

60

40

20

0

Inflow Area=22.358 ac
Peak Elev=165.50'

77.0" x 52.0"
R=39.4"/121.3"

Pipe Arch Culvert
n=0.012
L=280.0'

S=0.0050 '/'

145.79 cfs145.79 cfs
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Summary for Pond DS1: DS

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 6.74"    for  100-Year event
Inflow = 32.77 cfs @ 11.96 hrs,  Volume= 1.719 af
Outflow = 32.77 cfs @ 11.96 hrs,  Volume= 1.719 af,  Atten= 0%,  Lag= 0.0 min
Primary = 12.77 cfs @ 11.96 hrs,  Volume= 1.429 af
Secondary = 19.99 cfs @ 11.96 hrs,  Volume= 0.290 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 169.50' @ 11.96 hrs

Device Routing     Invert Outlet Devices
#1 Primary 166.50' 18.0"  Round Culvert   

L= 15.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 166.50' / 166.00'   S= 0.0333 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 1.77 sf   

#2 Secondary 163.80' 24.0"  Round RCP_Round  24"   
L= 156.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 163.80' / 163.00'   S= 0.0051 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#3 Device 2 168.50' 6.0' long  x 0.5' breadth Broad-Crested Rectangular  Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00   
Coef. (English)  2.80  2.92  3.08  3.30  3.32   

Primary OutFlow   Max=12.69 cfs @ 11.96 hrs  HW=169.48'  TW=166.56'   (Dynamic Tailwater)
1=Culvert   (Inlet Controls 12.69 cfs @ 7.18 fps)

Secondary OutFlow   Max=19.21 cfs @ 11.96 hrs  HW=169.48'  TW=164.90'   (Dynamic Tailwater)
2=RCP_Round  24"   (Passes 19.21 cfs of 30.02 cfs potential flow)

3=Broad-Crested Rectangular Weir   (Weir Controls 19.21 cfs @ 3.28 fps)
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Pond DS1: DS
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Summary for Pond PP1: PP1

Inflow Area = 3.060 ac, 53.59% Impervious,  Inflow Depth = 5.60"    for  100-Year event
Inflow = 12.77 cfs @ 11.96 hrs,  Volume= 1.429 af
Outflow = 12.31 cfs @ 12.01 hrs,  Volume= 1.429 af,  Atten= 4%,  Lag= 2.9 min
Primary = 12.31 cfs @ 12.01 hrs,  Volume= 1.429 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-90.00 hrs, dt= 0.05 hrs
Peak Elev= 166.57' @ 12.01 hrs   Surf.Area= 7,225 sf   Storage= 3,883 cf

Plug-Flow detention time= 10.3 min calculated for 1.428 af (100% of inflow)
Center-of-Mass det. time= 10.4 min ( 803.8 - 793.4 )

Volume Invert Avail.Storage Storage Description
#1 166.00' 15,950 cf Custom Stage Data (Prismatic)  Listed below (Recalc)

Elevation Surf.Area Inc.Store Cum.Store
(feet) (sq-ft) (cubic-feet) (cubic-feet)

166.00 6,286 0 0
167.00 7,920 7,103 7,103
168.00 9,774 8,847 15,950

Device Routing     Invert Outlet Devices
#1 Primary 162.90' 24.0"  Round Culvert   

L= 45.0'   RCP, sq.cut end projecting,  Ke= 0.500   
Inlet / Outlet Invert= 162.90' / 162.70'   S= 0.0044 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 3.14 sf   

#2 Device 1 166.00' 33.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

Primary OutFlow   Max=12.25 cfs @ 12.01 hrs  HW=166.57'  TW=165.35'   (Dynamic Tailwater)
1=Culvert   (Passes 12.25 cfs of 16.75 cfs potential flow)

2=Orifice/Grate   (Weir Controls 12.25 cfs @ 2.48 fps)
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Pond PP1: PP1
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Drainage Area 1: Stream Channel Protection Volume, CPv

Variables

Post-Development Curve NumberCN = 78

Initial Abstractions Ia = 0.564

1-yr 24-hr RF event P1-yr 2.68 inches

Ia/P1-yr  = 0.210

Tc = 0.21

Unit Peak Discharge qu = 750 csm/in. From TR-55

Time T = 24 hrs

Peak Outflow Discharge vs Peak Inflow Dischargeq0/qi = 0.025 From Figure B.1

Required Storage volume (acre-ft) Runoff Volume (acre-ft)Vs/Vr = 0.647

Post-Development runoff for the design storm (inches)Qd = 0.91 inches

Vs = CPv = 2.019 acre-feet

87948 cubic feet

Define the Average Release Rate, ARR

The Above Volume of 2.019 ac-ft, is to be released over 24 hours per Design Manual

ARR = 1.018 cfs

Drainage Area 2: Stream Channel Protection Volume, CPv

Variables

Post-Development Curve NumberCN = 88

Initial Abstractions Ia = 0.273

1-yr 24-hr RF event P1-yr 2.68 inches

Ia/P1-yr  = 0.102

Tc = 0.1

Unit Peak Discharge qu = 1000 csm/in. From TR-55

Time T = 24 hrs

Peak Outflow Discharge vs Peak Inflow Dischargeq0/qi = 0.025 From Figure B.1

Required Storage volume (acre-ft) Runoff Volume (acre-ft)Vs/Vr = 0.650

Post-Development runoff for the design storm (inches)Qd = 1.54 inches

Vs = CPv = 0.330 acre-feet

14524 cubic feet

Define the Average Release Rate, ARR

The Above Volume of 0.330 ac-ft, is to be released over 24 hours per Design Manual

ARR = 0.166 cfs

Combined Drainage Areas:Overbank Flood Protection Volume, Qp10

Variables

Post-Development Discharge for 10-yr Design Stormqi = 0.00

Pre-Development Discharge for 10-yr Design Stormqo = 0.00

qo/qi = #DIV/0!



Version 1.8

Last Updated: 11/09/2015

Total Water Quality Volume Calculation

WQv(acre-feet) = [(P)(Rv)(A)] /12

No

Design Point: 1

P= 1.50 inch

Catchment 

Number

Total Area

(Acres)

Impervious Area

(Acres)

Percent 

Impervious

%

Rv
WQv

(ft
3

)
Description

1 6.44 1.07 17% 0.20 6,997 Bioretention 1

2 4.08 2.19 54% 0.53 11,843 Bioretention 2

3 3.06 1.50 49% 0.49 8,184 Pocket Pond 1

4 4.46 2.92 65% 0.64 15,524 Bioretention 3

5 4.40 2.12 48% 0.48 11,587 Pocket Pond 2

6

7

8

9

10

Subtotal (1-30) 22.44 9.80 44% 0.44 54,134 Subtotal 1

Total 22.44 9.80 44% 0.44 54,134 Initial WQv

Total 

Contributing 

Area

Contributing 

Impervious Area

(Acre) (Acre)

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

Total Area

(Acres)

Impervious Area

(Acres)

Percent 

Impervious

%

Runoff 

Coefficient

Rv

WQv

(ft
3

)

22.44 9.80 44% 0.44 54,134

0.00 0.00

22.44 9.80 44% 0.44 54,134

0.00

22.44 9.80 44% 0.44 54,134

Identify Runoff Reduction Techniques By Area

Breakdown of Subcatchments

Is this project subject to Chapter 10 of the NYS Design Manual (i.e. WQv is equal to post-

development 1 year runoff volume)?......................................................................................

"<<Initial WQv"

Recalculate WQv after application of Area Reduction Techniques

Riparian Buffers
maximum contributing length 75 feet to 

150 feet

Up to 100 sf directly connected impervious 

area may be subtracted per tree
Tree Planting

Filter Strips

Total

Manually enter P, Total Area and Impervious Cover.

NotesTechnique

minimum 10,000 sfConservation of Natural Areas 

Adjusted WQv after Area 

Reduction and Rooftop 

Disconnect

Subtract Area

Disconnection of Rooftops

WQv adjusted after Area 

Reductions



Minimum RRv

Soil Group Acres S

A 1.05 55%

B 1.69 40%

C 16.79 30%

D 2.91 20%

Total Area 22.44

S = 0.31

Impervious = 9.80 acre

Precipitation 1.5 in

Rv 0.95

Minimum RRv 15,525 ft3

0.36 af

Enter the Soils Data for the site

Calculate the Minimum RRv



NOI QUESTIONS

#

cf af

28 54134 1.243

30 18077 0.415

31

32 15525 0.356

32a

33a 36058 0.828

34 54134 1.243

34 54134 1.243

35

36 Cpv

37 Qp

37 Qf

Reported Value

Yes

No

Yes

Minimum RRv

NOI Question

Sum of Volume Reduced & Treated

Total WQv Treated

Total RRV Provided

Total Water Quality Volume (WQv) Required

Is Sum RRv Provided and WQv Provided  ≥WQv Required?

Sum of Volume Reduced and Treated 

 

Is RRv Provided ≥ Minimum RRv Required?

Is RRv Provided ≥WQv Required?

Are Quantity Control requirements met?

Channel Protection

 

Apply Peak Flow Attenuation

Overbank

Extreme Flood Control



Bioretention Worksheet

Af

WQv

df

hf

tf 

Design Point: 1

Catchment 

Number

Total Area

(Acres)

Impervious 

Area

(Acres)

Percent 

Impervious

%

Rv
WQv

(ft
3

)

Precipitation

(in)
Description

1 6.44 1.07 0.17 0.20 6996.83 1.50 Bioretention 1

17% 0.20 6,997

ft
3

C

in/hour

Yes

Units Notes

 ft
3

df ft 2.5-4 ft

k ft/day

hf ft 6 inches max.

tf days

Af ft
2

31 ft

410 ft

12710 ft
2

15252 ft
3

No

6,101

6,101 ft
3

896 ft
3

0 ft
3

Water Quality Volume (ft3)

Depth of the Soil Medium (feet)

The hydraulic conductivity [ft/day],  can be varied 

depending on the properties of the soil media. Some 

reported conductivity values are:  Sand  - 3.5 ft/day 

(City of Austin 1988); Peat  - 2.0 ft/day (Galli 1990); 

Leaf Compost  - 8.7 ft/day (Claytor and Schueler, 

1996); Bioretention Soil  (0.5 ft/day  (Claytor & 

Schueler, 1996)

Average height of water above the planter bedThe Design Time to Filter the Treatment 

Volume Through the Filter Media (days)

k 

Enter Impervious Area Reduced 

by Disconnection of Rooftops

<<WQv after adjusting for 

Disconnected Rooftops

Okay

Soil Infiltration Rate

Using Underdrains?

Soil Group

(For use on HSG C or D Soils with underdrains)

Soil Information

RRv

RRv applied

Volume Treated

Enter Site Data For Drainage Area to be Treated by Practice

Calculate the Minimum Filter Area

Enter the portion of the WQv that is not reduced for all practices 

routed to this practice.

WQv

Enter Filter Time

6,997

2.5

0.5

0.5

Required Filter Area

Af=WQv*(df)/[k*(hf+df)(tf)]

This is the portion of the WQv that is not reduced in 

the practice.

This is 40% of the storage provided or WQv 

whichever is less.

Determine Runoff Reduction

Required Surface Area (ft2)

Filter Width

Filter Length

Volume Directed This volume is directed another practice

5831

Value

Enter Average Height of Ponding

Enter Hydraulic Conductivity

Enter Depth of Soil Media

Filter Area

Determine Actual Bio-Retention Area

2

Actual Volume Provided

Is the Bioretention contributing flow to 

another practice?
Select Practice



Bioretention Worksheet

OK

Af

WQv

df

hf

tf 

Design Point: 1

Catchment 

Number

Total Area

(Acres)

Impervious 

Area

(Acres)

Percent 

Impervious

%

Rv
WQv

(ft
3

)

Precipitation

(in)
Description

2 4.08 2.19 0.54 0.53 11842.88 1.50 Bioretention 2

54% 0.53 11,843

ft
3

C

in/hour

Yes

Units Notes

 ft
3

df ft 2.5-4 ft

k ft/day

hf ft 6 inches max.

tf days

Af ft
2

25 ft

458 ft

11450 ft
2

13740 ft
3

No

5,496

5,496 ft
3

6,347 ft
3

2

Required Filter Area 9869

Enter Hydraulic Conductivity

RRv

This is 40% of the storage provided or WQv 

whichever is less.

Determine Runoff Reduction

Is the Bioretention contributing flow to 

another practice?

Filter Width

Actual Volume Provided

Sizing √ Check to be sure Area provided ≥ Af

Select Practice

This is the portion of the WQv that is not reduced in 

the practice.

Required Surface Area (ft2)

k 

Water Quality Volume (ft3)

Depth of the Soil Medium (feet)

Average height of water above the planter bedThe Design Time to Filter the Treatment 

Volume Through the Filter Media (days)

Enter Site Data For Drainage Area to be Treated by Practice

Enter the portion of the WQv that is not reduced for all practices 

routed to this practice.

11,843

Enter Depth of Soil Media

Calculate the Minimum Filter Area

Value

WQv

0.5

Enter Average Height of Ponding 0.5

Enter Filter Time

Determine Actual Bio-Retention Area

Soil Group

Okay

Enter Impervious Area Reduced 

by Disconnection of Rooftops

<<WQv after adjusting for 

Disconnected Rooftops

The hydraulic conductivity [ft/day],  can be varied 

depending on the properties of the soil media. Some 

reported conductivity values are:  Sand  - 3.5 ft/day 

(City of Austin 1988); Peat  - 2.0 ft/day (Galli 1990); 

Leaf Compost  - 8.7 ft/day (Claytor and Schueler, 

1996); Bioretention Soil  (0.5 ft/day  (Claytor & 

Schueler, 1996)

(For use on HSG C or D Soils with underdrains)

Af=WQv*(df)/[k*(hf+df)(tf)]

Volume Treated

Filter Length

Filter Area

RRv applied

2.5

Soil Infiltration Rate

Using Underdrains?

Soil Information



Bioretention Worksheet

0 ft
3

OK

Af

WQv

df

hf

tf 

Design Point: 1

Catchment 

Number

Total Area

(Acres)

Impervious 

Area

(Acres)

Percent 

Impervious

%

Rv
WQv

(ft
3

)

Precipitation

(in)
Description

4 4.46 2.92 0.65 0.64 15523.70 1.50 Bioretention 3

65% 0.64 15,524

ft
3

C

in/hour

Yes

Units Notes

 ft
3

df ft 2.5-4 ft

k ft/day

hf ft 6 inches max.

tf days

Af ft
2

45 ft

300 ft

13500 ft
2

16200 ft
3

No

6,480

6,480 ft
3RRv applied

This is 40% of the storage provided or WQv 

whichever is less.

Filter Area

Select Practice

RRv

Enter Filter Time 2

Required Filter Area

0.5

Determine Actual Bio-Retention Area

Filter Width

Filter Length

Actual Volume Provided

Determine Runoff Reduction

Is the Bioretention contributing flow to 

another practice?

(For use on HSG C or D Soils with underdrains)

WQv 15,524

Enter Depth of Soil Media 2.5

Enter Hydraulic Conductivity

12936

The Design Time to Filter the Treatment 

Volume Through the Filter Media (days)

Soil Infiltration Rate

Calculate the Minimum Filter Area

Required Surface Area (ft2)

k 

The hydraulic conductivity [ft/day],  can be varied 

depending on the properties of the soil media. Some 

reported conductivity values are:  Sand  - 3.5 ft/day 

(City of Austin 1988); Peat  - 2.0 ft/day (Galli 1990); 

Leaf Compost  - 8.7 ft/day (Claytor and Schueler, 

1996); Bioretention Soil  (0.5 ft/day  (Claytor & 

Schueler, 1996)

Depth of the Soil Medium (feet)

Average height of water above the planter bed

Enter Site Data For Drainage Area to be Treated by Practice

Enter Impervious Area Reduced 

by Disconnection of Rooftops

<<WQv after adjusting for 

Disconnected Rooftops

Soil Information

Soil Group

Using Underdrains? Okay

Value

Af=WQv*(df)/[k*(hf+df)(tf)]

Water Quality Volume (ft3)

Enter the portion of the WQv that is not reduced for all practices 

routed to this practice.

Sizing √ Check to be sure Area provided ≥ Af

Enter Average Height of Ponding 0.5

Volume Directed This volume is directed another practice
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Appendix D 
 

Pre- and Post-Development Delineation Maps 
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Appendix X 
 

General Permit (GP-0-15-002) 
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Appendix XI 
 

Project Plans 
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