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A. GENERAL 

 

1. Existing Site Conditions 

 

The project site is located at 4928 Seneca Street, in the Town of West Seneca, New 

York. See location map in Appendix A. The project site is 8.41 acres and consists of a 

single-story residential home(used as the church’s office space) along the frontage of 

the property with associated parking behind the residence, a single-story brick church 

near the middle of the property with associated asphalt paved parking along three 

sides of the church and a one-way, paved, ring road which encircles both buildings. 

Site amenities include a covered pavilion, a playground and utility infrastructure to 

service the existing buildings. A small portion of the site is wooded and undeveloped, 

along the north end of the parcel.   

 

The existing drainage patterns on the site consist of three main drainage areas; a north 

drainage area, a middle drainage area and a south drainage area.  The north drainage 

area consists of the northern portion of the asphalt-paved parking lot, the covered 

pavilion, playground, lawn areas and the forested/wooded area. The northern drainage 

area drains in a southwesterly direction and stormwater runoff is conveyed to the 

adjacent property to the west. The middle drainage area consists of both the single-

story residence and the church building, along with the remainder of the asphalt-

paved parking and entrance/exit drives. The middle drainage area drains to a drainage 

swale, which flows across the property. The drainage swale flows into a 12-inch 

culvert, which discharges to the property to the west. The south drainage area is small 

and consists of the existing house, a small portion of lawn area and concrete sidewalk, 

which drains towards and is collected in the Seneca Street drainage system. 

 

The soils on site, per the USDA NRCS web soil survey consist of the following; 

Canadice silt loam, which is listed as HSG “D”, is poorly drained and has a water 

table at or near the surface;  Cayuga silt loam, also listed as HSG “D”, is well drained 

and has a water table at approximately 2-feet below the surface; Churchville silt loam, 

which is listed as HSG “C/D”, is poorly drained and has a water table greater than 1-

foot below the surface; and Rhinebeck silt loam, which is listed as HSG “C/D”, is 

poorly drained and has a water table elevation greater than 1-foot below the surface. 

 

A preliminary wetland investigation was performed by Earth Dimensions on October 

2, 2019. Based upon their site visit, they identified 0.9+/- acre of wetland as defined 

by the U.S. Army Corps of Engineers (USACE) wetland delineation manuals within 

the investigation area (the northern portion of the site, which includes wooded/brush 

areas). It is their professional opinion that the wetland is likely regulated by the 

USACE under Section 404 of the Clean Water Act. The New York State Department 

of Environmental Conservation (NYSDEC) On-line Resource Mapper does not depict 

any Freshwater Wetlands within or adjacent to the site. Thus, NYSDEC has no 

apparent jurisdiction over any wetlands under Article 24 of the New York 

Conservation Law. The proposed improvements on the site have been designed to 

avoid any impacts to the wetland. 
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2. Proposed Site Conditions 
 

Development will consist of the demolition of a portion of the existing parking lot to 

accommodate the construction of a single-story, 11,915 square foot, building addition 

along with additional parking and associated site improvements. The site, upon 

project completion, will accommodate a total of 323 parking spaces, including 8 

accessible spaces. Site improvements include concrete sidewalks, landscaping, and 

site utilities. Site utilities will include a stormwater management system, a new 

private, fire protection service for the new addition and tying the proposed sewer 

lateral into the existing church building’s sewer lateral.  

 

Upon completion, the proposed project will add 2.01 acres of new impervious cover 

and 1.01 acres of reconstructed impervious areas. The total anticipated ground 

disturbance during construction of this project will be approximately 4.60 acres. Due 

to the increase in impervious areas, stormwater detention is required. Additionally, 

since the construction of this site will disturb more than one acre, a Storm Water 

Pollution Prevention Plan (SWPPP), in accordance with the New York State 

Department of Environmental Conservation (NYSDEC) standards must be prepared 

and a Notice of Intent (NOI) must be filed prior to beginning construction. 

 

B. PROPOSED FACILITIES 

 

1. Stormwater Management  

 

a. Stormwater Conveyance 

 

Under proposed conditions, there will be three main drainage areas; a north  

drainage area, a middle drainage area and a south drainage area. The north 

drainage area consists of the forested/wooded area, wetland and a small 

amount of lawn area. The northern drainage area drains in a southwesterly 

direction and stormwater runoff will continue to be conveyed to the adjacent 

property to the west. The middle drainage area consists of all the site 

improvements on site including the existing building, the proposed addition, 

existing and proposed parking lots, bioretention basins (all of which will be 

collected and conveyed to the stormwater detention system), a stormwater wet 

pond and then ultimately, conveyed to the 12-inch CMP, along the west 

property line. The south drainage area is small and consists of the existing 

house, a small portion of lawn area and concrete sidewalk, which drains 

towards and is collected in the Seneca Street drainage system. The south 

drainage area will remain unchanged from existing conditions. 

 

b. Quantity Control 

 

New York State Department of Environmental Conservation regulations 

require design of stormwater detention facilities to limit the peak discharge 

produced by the 10-year and 100-year storm events to the pre-developed 
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runoff rates, as well as provide extended detention of the 1-YR, 24-HR storm 

event (channel protection volume). This project is a redevelopment project 

with an increase in impervious area. Per the NYSDEC SMDM, specifically 

Chapter 9.2, the channel protection volume is relaxed for redevelopment 

projects.  However, the 1-yr, 24-yr post-development peak discharge rate will 

be limited to the 1-yr, 24-hr pre-development peak discharge rate. 

Additionally, the majority of the site’s runoff is directed to an existing 12-inch 

CMP pipe located along the west property line. The detention system was 

sized to limit the proposed discharge under a 10-yr storm event to the capacity 

of the 12-inch CMP in a surcharged condition with 1-foot of head. [Based on 

the topographic survey, the 12-inch CMP (with an invert elevation of 708.21) 

could have a maximum of 1-foot of head (elevation 710.2+/-)].  

 

Water quantity control will be provided through the combination of the 

bioretention basins, the stormwater wet pond and 12-inch and 18-inch 

diameter HDPE pipe, as well as the pipe’s encasing stone.  

 

The bioretention basins will utilize 24” x 24” catch basins and a 12-inch 

diameter pipe to control the stormwater discharge from each of the basins.  

 

The stormwater detention system will consist of  the detention volume above 

the wet pond’s permanent pool elevation along with 1,195 linear feet of 12-

inch and 895 linear feet of 18-inch diameter HDPE pipe, as well as the pipe’s 

encasing stone. The system will utilize one 4-foot diameter manhole as a 

control structure. The manhole will have a weir plate with a 6.5-inch diameter 

orifice to control the stormwater runoff rates from the site. A 12-inch diameter 

HDPE pipe will convey the stormwater discharges from the outlet structure to 

existing 12-inch CMP pipe.  

 

The stormwater discharge rates for the 10 and 100-year storm events under 

developed conditions, will be at or below the stormwater discharge rates for 

the 10 and 100-year storm event under pre-developed conditions.  

 

The stormwater detention calculations were completed using HYDROCAD, 

version 10 software. Following is a summary of the pre and post development 

discharge rates and associated detention volumes and water surface 

elevations: 
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Discharge to West Property 

 
Storm 

Event 

Pre-

Development 

Discharge (cfs) 

Post-

Development 

Discharge (cfs) 

Detention Volume 

(cf) 

Water Surface Elevation 

(ft) 

 

1-YR 6.42 2.40 8,430 708.94 

10-YR 12.69 4.63 22,080 710.02 

100-YR 23.24 21.80 35,290 710.99 

 

Discharge to Seneca Street 

 
Storm 

Event 

Pre-Development 

Discharge (cfs) 

Post-Development 

Discharge (cfs) 

1-YR 0.19 0.19 

10-YR 0.49 0.49 

100-YR 1.00 1.00 

 

 

Quality Control: 

 

Chapters 3-5 of the NYSDEC Stormwater Management Design Manual (SMDM) 

provides a green infrastructure approach to stormwater management to reduce a 

site’s impact on the aquatic ecosystem through the use of site planning techniques, 

runoff reduction techniques, and standard SMP’s. Runoff Reduction Volume (RRv) 

is the reduction of the total Water Quality Volume (WQv) by application of green 

infrastructure techniques and SMP’s to replicate pre-development hydrology.  

 

The NYSDEC SMDM’s intent is for projects to meet 100% of runoff reduction 

volume through the use of green infrastructure techniques. Projects that do not 

achieve runoff reduction to pre-construction condition must, at a minimum, 

provide the minimum RRv as well as provide the remaining WQv in standard 

SMPs.  

 

A combination of a bioretention basin and a stormwater wet pond will be used to 

treat 100% of the new impervious area and reconstructed impervious area from 

the total site disturbance area.  

 

The minimum RRv requirement has been attained through the use of the 

bioretention basins. Additionally, the water quality volume will be provided 

through a combination of the bioretention basins and the stormwater wet pond. 

This project is considered a redevelopment project with an increase in impervious 

area. Therefore, per Chapter 9.2.1.B.II, a standard SMP will be used to treat 100% 

of the WQv from new impervious areas and 25% of the WQv from reconstructed 

impervious areas. 
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Below is a summary of the water quality volume and runoff reduction volumes 

attained on site: 

 

 Total Water Quality Volume Required (WQv):   7,797 cf 

  WQv req’d from new impervious area:   6,926 cf 

  WQv req’d from reconsted impervious 

  using standard SMP (=0.25 x 3,485cf):   871 cf  

 

 Minimum Runoff Reduction Volume Required (RRv, min) 1,394 cf 

   

Northeast Bioretention Basin: 

WQv Required       1,089 cf 

WQv Provided       653 cf 

RRv Provided       436 cf 

(Standard SMP with Runoff Reduction Volume) 

 – due to HSG C/D soils, RRv = 40% WQv for 

that practice 

 

Northwest Bioretention Basin: 

WQv Required       479 cf 

WQv Provided       287 cf 

RRv Provided       192 cf 

(Standard SMP with Runoff Reduction Volume) 

 – due to HSG C/D soils, RRv = 40% WQv for 

that practice 

          

Middle Bioretention Basin: 

WQv Required       1,420 cf 

WQv Provided       852 cf 

RRv Provided       568 cf 

(Standard SMP with Runoff Reduction Volume) 

 – due to HSG C/D soils, RRv = 40% WQv for 

that practice 

 

South Bioretention Basin: 

WQv Required       741 cf 

WQv Provided       444 cf 

RRv Provided       297 cf 

(Standard SMP with Runoff Reduction Volume) 

 – due to HSG C/D soils, RRv = 40% WQv for 

that practice 

 

Stormwater Wet Pond 

WQv Required       4,068 cf 

WQv Provided       16,601 cf 
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 Total RRv Provided:       1,493 cf 

 

 Total WQv Provided (WQv provided + RRv provided):  20,330 cf 

 

Stormwater calculations are included in Appendix B.  

 

2. Sanitary Sewer 

 

The existing church building is serviced by a 6-inch diameter SDR-35 PVC, private, 

sanitary sewer lateral. The 6-inch service connects to the existing 12-inch, public sanitary 

main along the north side of Seneca Street. The proposed building addition will have a 6-

inch SDR-35 PVC sewer lateral which will tie into the existing 6-inch SDR-35 PVC 

sanitary sewer lateral on-site.  

 

All of the private sanitary work is to be performed per the Town of West Seneca 

standards. Sanitary sewer flow calculations for the project are shown below and are also 

included in Appendix C.  

 

Design Parameters (Appendix C) – 

 

1) Hydraulic Loading Rate per “Design Standard for Intermediate Sized Wastewater 

Treatment Works”, March 5, 2014 NYSDEC.  

2) Table B-3 Typical Per-Unit Hydraulic Loading Rates 

office = 15 gpd/employee 

church(assembly hall) = 3 gpd/seat 

3) Per client: 

The existing site consists of the following: 

Existing church = max of 600 parishioners/day (split between 2 services) 

House/Office = max of 5 employees 

Full Buildout will consists of the following: 

Existing church to be used for educational purposes: 10 classrooms with 

250 kids maximum 

House/Office = max of 5 employees 

New Addition = 750 seats 

4) Existing Average Daily Design Flow = (600 seats)(3 gpd/seat) 

+ (5 employees)(15 gpd/employee)  

= 1,875 gpd 

5) Proposed Average Daily Flow = (1,000 seats)(3 gpd/seat) 

+ (5 employees)(15 gpd/employee)  

= 3,075 gpd 

 

6) Net Increase = Proposed Average Daily Flow – Existing Average Daily Flow 

= 3,075 gpd – 1,875 gpd 

= 1,200 gpd 

7) Peak Hourly Flow = (3,075 gpd) (4.50 peak factor) 

= 13,838 gpd = 0.013 mgd = 9.6 gpm 
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As the net increase in average daily flow is less than 2,500 gpd, the sanitary sewage is not 

considered a sewer extension in accordance with the NYSDEC’s regulations. 

Accordingly, a downstream sanitary capacity analysis is not required.  

 

3. Water System 

 

A 6-inch ductile iron watermain will be tapped off of the existing 8-inch watermain 

on Seneca Street with an 8 x 6 tee and valve. The 6-inch watermain will be split at the 

property line into a 6-inch ductile iron, private fire service and a 2-inch type ‘k’ 

copper domestic water service. Both services will be backflow protected within a 

Hotbox enclosure on the property. The 2-inch service will be metered with a Neptune 

T-10 meter and backflow protected with a 2-inch Watts 009LF RPZ device. The 

private fire service will be backflow protected with a 6-inch Watts 957LF RPZ 

device. The 6-inch private fire service will connect to both the fire sprinkler system 

within the building and also the private fire hydrant on site. The 2-inch service will 

provide domestic water service to both the existing church and the proposed addition. 

The fire sprinkler design and calculations will be provided by the mechanical 

engineer. Both the existing 2-inch service and the meter pit will be abandoned. The 

proposed 2-inch service will be reconnected to the existing 2-inch service, after the 

abandoned meter pit. 

 

Design Criteria (Appendix D):  

 

  1) Domestic Peak Operating Demand:    19 gpm 

  2) Static Pressure in watermain on Seneca Street  55 psi 

  3) Residual Flow in watermain on Seneca Street  787 gpm 

w/ 26 psi residual  

  4) Friction Loss through 2” domestic service   4 psi 

  5)  Friction Loss through fittings     1 psi 

  6) Friction Loss through 2” Watts 009LF RPZ   13 psi 

  7)  Friction Loss through Neptune T-10 Meter   0 psi 

  8) Residual Pressure @ proposed addition   37 psi 

  Assuming 500 gpm fire flow required: 

10) Friction Loss through 6” fire service:    5 psi 

  11)  Friction Loss through fittings     1 psi 

  12) Friction Loss through 6” Watts 957LF RPZ   7 psi 

13) Residual Pressure @ proposed addition 

with 500 gpm fire flow     42 psi 

  

(Static pressure at the main was provided by the Erie County Water Authority) 

 

Disinfection of water services following construction will be continuous feed, in 

accordance with AWWA C-651, latest revision requirements. Water demand 

calculations are included in Appendix D.  
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4. 100-YR Floodplain Information 

 

Neither the existing church, nor the proposed addition is not located in the 100-year 

flood plain. See Appendix E. 

 

Respectfully Submitted, 

 

C&S ENGINEERS, INC. 

 

 

 

Jason Utzig, P.E. 

Senior Project Engineer 
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 Drainage Area

3P

Discharge to Seneca
 Street Drainage System

4P

Discharge to West
 Property

Routing Diagram for Life Church - Existing Drainage Analysis
Prepared by C&S Companies,  Printed 10/17/2019

HydroCAD® 10.00-15  s/n 04066  © 2015 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

4.580 80 >75% Grass cover, Good, HSG D  (1S, 4S, 5S)

2.520 98 Paved parking, HSG D  (2S, 3S, 5S)

1.300 77 Woods, Good, HSG D  (1S)

8.400 85 TOTAL AREA
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Summary for Subcatchment 1S: North Drainage Area - Lawn Area

Runoff = 1.07 cfs @ 12.35 hrs,  Volume= 0.135 af,  Depth= 0.41"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

2.660 80 >75% Grass cover, Good, HSG D
1.300 77 Woods, Good, HSG D

3.960 79 Weighted Average
3.960 100.00% Pervious Area

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

27.9 100 0.0060 0.06 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

5.9 193 0.0060 0.54 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

33.8 293 Total

Subcatchment 1S: North Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

1

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=3.960 ac

Runoff Volume=0.135 af

Runoff Depth=0.41"

Flow Length=293'

Slope=0.0060 '/'

Tc=33.8 min

CN=79

1.07 cfs
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Summary for Subcatchment 2S: North Drainage Area - Impervious Area

Runoff = 1.74 cfs @ 11.97 hrs,  Volume= 0.092 af,  Depth= 1.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.700 98 Paved parking, HSG D

0.700 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: North Drainage Area - Impervious Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

1

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.700 ac

Runoff Volume=0.092 af

Runoff Depth=1.58"

Tc=6.0 min

CN=98

1.74 cfs
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Summary for Subcatchment 3S: Middle Drainage Area - Impervious Area

Runoff = 4.41 cfs @ 11.97 hrs,  Volume= 0.233 af,  Depth= 1.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

1.770 98 Paved parking, HSG D

1.770 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 3S: Middle Drainage Area - Impervious Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

4

3

2

1

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=1.770 ac

Runoff Volume=0.233 af

Runoff Depth=1.58"

Tc=6.0 min

CN=98

4.41 cfs
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Summary for Subcatchment 4S: Middle Drainage Area - Lawn Area

Runoff = 0.63 cfs @ 12.25 hrs,  Volume= 0.066 af,  Depth= 0.44"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

1.770 80 >75% Grass cover, Good, HSG D

1.770 100.00% Pervious Area

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

19.9 100 0.0140 0.08 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

1.5 73 0.0140 0.83 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

3.0 121 0.0090 0.66 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 79 0.0042 1.53 1.20 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.025  Corrugated metal

1.8 68 0.0080 0.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

27.1 441 Total

Subcatchment 4S: Middle Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=1.770 ac

Runoff Volume=0.066 af

Runoff Depth=0.44"

Flow Length=441'

Tc=27.1 min

CN=80

0.63 cfs
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Summary for Subcatchment 5S: South Drainage Area

Runoff = 0.19 cfs @ 12.04 hrs,  Volume= 0.011 af,  Depth= 0.65"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.150 80 >75% Grass cover, Good, HSG D
0.050 98 Paved parking, HSG D

0.200 85 Weighted Average
0.150 75.00% Pervious Area
0.050 25.00% Impervious Area

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

11.4 74 0.0310 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

Subcatchment 5S: South Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.21

0.2

0.19

0.18

0.17

0.16

0.15

0.14

0.13

0.12

0.11

0.1

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.200 ac

Runoff Volume=0.011 af

Runoff Depth=0.65"

Flow Length=74'

Slope=0.0310 '/'

Tc=11.4 min

CN=85

0.19 cfs
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Summary for Pond 1P: Discharge from North Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.660 ac, 15.02% Impervious,  Inflow Depth = 0.58"    for  1-YR event
Inflow = 1.88 cfs @ 11.97 hrs,  Volume= 0.227 af
Primary = 1.88 cfs @ 11.97 hrs,  Volume= 0.227 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 1P: Discharge from North Drainage Area
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Inflow Area=4.660 ac
1.88 cfs

1.88 cfs
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Summary for Pond 2P: Discharge from Middle Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 3.540 ac, 50.00% Impervious,  Inflow Depth = 1.01"    for  1-YR event
Inflow = 4.55 cfs @ 11.97 hrs,  Volume= 0.298 af
Primary = 4.55 cfs @ 11.97 hrs,  Volume= 0.298 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs / 2

Pond 2P: Discharge from Middle Drainage Area
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Inflow Area=3.540 ac
4.55 cfs

4.55 cfs
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Summary for Pond 3P: Discharge to Seneca Street Drainage System

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.200 ac, 25.00% Impervious,  Inflow Depth = 0.65"    for  1-YR event
Inflow = 0.19 cfs @ 12.04 hrs,  Volume= 0.011 af
Primary = 0.19 cfs @ 12.04 hrs,  Volume= 0.011 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 3P: Discharge to Seneca Street Drainage System
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Inflow Area=0.200 ac
0.19 cfs
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Summary for Pond 4P: Discharge to West Property

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 8.200 ac, 30.12% Impervious,  Inflow Depth = 0.77"    for  1-YR event
Inflow = 6.42 cfs @ 11.97 hrs,  Volume= 0.525 af
Primary = 6.42 cfs @ 11.97 hrs,  Volume= 0.525 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 4P: Discharge to West Property
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Inflow Area=8.200 ac
6.42 cfs
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Summary for Subcatchment 1S: North Drainage Area - Lawn Area

Runoff = 3.90 cfs @ 12.29 hrs,  Volume= 0.419 af,  Depth= 1.27"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

2.660 80 >75% Grass cover, Good, HSG D
1.300 77 Woods, Good, HSG D

3.960 79 Weighted Average
3.960 100.00% Pervious Area

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

27.9 100 0.0060 0.06 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

5.9 193 0.0060 0.54 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

33.8 293 Total

Subcatchment 1S: North Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=3.960 ac

Runoff Volume=0.419 af

Runoff Depth=1.27"

Flow Length=293'

Slope=0.0060 '/'

Tc=33.8 min

CN=79

3.90 cfs
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Summary for Subcatchment 2S: North Drainage Area - Impervious Area

Runoff = 3.08 cfs @ 11.97 hrs,  Volume= 0.168 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.700 98 Paved parking, HSG D

0.700 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: North Drainage Area - Impervious Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.700 ac

Runoff Volume=0.168 af

Runoff Depth=2.88"

Tc=6.0 min

CN=98

3.08 cfs
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Summary for Subcatchment 3S: Middle Drainage Area - Impervious Area

Runoff = 7.78 cfs @ 11.97 hrs,  Volume= 0.424 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

1.770 98 Paved parking, HSG D

1.770 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 3S: Middle Drainage Area - Impervious Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=1.770 ac

Runoff Volume=0.424 af

Runoff Depth=2.88"

Tc=6.0 min

CN=98

7.78 cfs
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Summary for Subcatchment 4S: Middle Drainage Area - Lawn Area

Runoff = 2.14 cfs @ 12.22 hrs,  Volume= 0.197 af,  Depth= 1.33"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

1.770 80 >75% Grass cover, Good, HSG D

1.770 100.00% Pervious Area

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

19.9 100 0.0140 0.08 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

1.5 73 0.0140 0.83 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

3.0 121 0.0090 0.66 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 79 0.0042 1.53 1.20 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.025  Corrugated metal

1.8 68 0.0080 0.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

27.1 441 Total

Subcatchment 4S: Middle Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=1.770 ac

Runoff Volume=0.197 af

Runoff Depth=1.33"

Flow Length=441'

Tc=27.1 min

CN=80

2.14 cfs
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Summary for Subcatchment 5S: South Drainage Area

Runoff = 0.49 cfs @ 12.03 hrs,  Volume= 0.028 af,  Depth= 1.68"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.150 80 >75% Grass cover, Good, HSG D
0.050 98 Paved parking, HSG D

0.200 85 Weighted Average
0.150 75.00% Pervious Area
0.050 25.00% Impervious Area

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

11.4 74 0.0310 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

Subcatchment 5S: South Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.200 ac

Runoff Volume=0.028 af

Runoff Depth=1.68"

Flow Length=74'

Slope=0.0310 '/'

Tc=11.4 min

CN=85

0.49 cfs
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Summary for Pond 1P: Discharge from North Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.660 ac, 15.02% Impervious,  Inflow Depth = 1.51"    for  10-YR event
Inflow = 4.25 cfs @ 12.28 hrs,  Volume= 0.587 af
Primary = 4.25 cfs @ 12.28 hrs,  Volume= 0.587 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 1P: Discharge from North Drainage Area
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Inflow Area=4.660 ac
4.25 cfs

4.25 cfs
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Summary for Pond 2P: Discharge from Middle Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 3.540 ac, 50.00% Impervious,  Inflow Depth = 2.11"    for  10-YR event
Inflow = 8.56 cfs @ 11.97 hrs,  Volume= 0.621 af
Primary = 8.56 cfs @ 11.97 hrs,  Volume= 0.621 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs / 2

Pond 2P: Discharge from Middle Drainage Area
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Inflow Area=3.540 ac
8.56 cfs

8.56 cfs
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Summary for Pond 3P: Discharge to Seneca Street Drainage System

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.200 ac, 25.00% Impervious,  Inflow Depth = 1.68"    for  10-YR event
Inflow = 0.49 cfs @ 12.03 hrs,  Volume= 0.028 af
Primary = 0.49 cfs @ 12.03 hrs,  Volume= 0.028 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 3P: Discharge to Seneca Street Drainage System
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Inflow Area=0.200 ac
0.49 cfs

0.49 cfs
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Summary for Pond 4P: Discharge to West Property

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 8.200 ac, 30.12% Impervious,  Inflow Depth = 1.77"    for  10-YR event
Inflow = 12.69 cfs @ 11.97 hrs,  Volume= 1.208 af
Primary = 12.69 cfs @ 11.97 hrs,  Volume= 1.208 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 4P: Discharge to West Property
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Inflow Area=8.200 ac
12.69 cfs

12.69 cfs
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Summary for Subcatchment 1S: North Drainage Area - Lawn Area

Runoff = 9.29 cfs @ 12.28 hrs,  Volume= 0.964 af,  Depth= 2.92"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

2.660 80 >75% Grass cover, Good, HSG D
1.300 77 Woods, Good, HSG D

3.960 79 Weighted Average
3.960 100.00% Pervious Area

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

27.9 100 0.0060 0.06 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

5.9 193 0.0060 0.54 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

33.8 293 Total

Subcatchment 1S: North Drainage Area - Lawn Area

Runoff

Hydrograph
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=3.960 ac

Runoff Volume=0.964 af

Runoff Depth=2.92"

Flow Length=293'

Slope=0.0060 '/'

Tc=33.8 min

CN=79

9.29 cfs
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Summary for Subcatchment 2S: North Drainage Area - Impervious Area

Runoff = 5.12 cfs @ 11.97 hrs,  Volume= 0.286 af,  Depth= 4.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.700 98 Paved parking, HSG D

0.700 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: North Drainage Area - Impervious Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.700 ac

Runoff Volume=0.286 af

Runoff Depth=4.90"

Tc=6.0 min

CN=98

5.12 cfs
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Summary for Subcatchment 3S: Middle Drainage Area - Impervious Area

Runoff = 12.95 cfs @ 11.97 hrs,  Volume= 0.723 af,  Depth= 4.90"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

1.770 98 Paved parking, HSG D

1.770 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 3S: Middle Drainage Area - Impervious Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=1.770 ac

Runoff Volume=0.723 af

Runoff Depth=4.90"

Tc=6.0 min

CN=98

12.95 cfs
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Summary for Subcatchment 4S: Middle Drainage Area - Lawn Area

Runoff = 4.96 cfs @ 12.20 hrs,  Volume= 0.445 af,  Depth= 3.02"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

1.770 80 >75% Grass cover, Good, HSG D

1.770 100.00% Pervious Area

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

19.9 100 0.0140 0.08 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

1.5 73 0.0140 0.83 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

3.0 121 0.0090 0.66 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

0.9 79 0.0042 1.53 1.20 Pipe Channel, 
12.0"  Round  Area= 0.8 sf  Perim= 3.1'  r= 0.25'
n= 0.025  Corrugated metal

1.8 68 0.0080 0.63 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

27.1 441 Total

Subcatchment 4S: Middle Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=1.770 ac

Runoff Volume=0.445 af

Runoff Depth=3.02"

Flow Length=441'

Tc=27.1 min

CN=80

4.96 cfs
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Summary for Subcatchment 5S: South Drainage Area

Runoff = 1.00 cfs @ 12.03 hrs,  Volume= 0.058 af,  Depth= 3.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.150 80 >75% Grass cover, Good, HSG D
0.050 98 Paved parking, HSG D

0.200 85 Weighted Average
0.150 75.00% Pervious Area
0.050 25.00% Impervious Area

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

11.4 74 0.0310 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

Subcatchment 5S: South Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.200 ac

Runoff Volume=0.058 af

Runoff Depth=3.50"

Flow Length=74'

Slope=0.0310 '/'

Tc=11.4 min

CN=85

1.00 cfs
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Summary for Pond 1P: Discharge from North Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 4.660 ac, 15.02% Impervious,  Inflow Depth = 3.22"    for  100-YR event
Inflow = 9.87 cfs @ 12.28 hrs,  Volume= 1.250 af
Primary = 9.87 cfs @ 12.28 hrs,  Volume= 1.250 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 1P: Discharge from North Drainage Area
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Summary for Pond 2P: Discharge from Middle Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 3.540 ac, 50.00% Impervious,  Inflow Depth = 3.96"    for  100-YR event
Inflow = 15.05 cfs @ 11.97 hrs,  Volume= 1.168 af
Primary = 15.05 cfs @ 11.97 hrs,  Volume= 1.168 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs / 2

Pond 2P: Discharge from Middle Drainage Area
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Summary for Pond 3P: Discharge to Seneca Street Drainage System

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.200 ac, 25.00% Impervious,  Inflow Depth = 3.50"    for  100-YR event
Inflow = 1.00 cfs @ 12.03 hrs,  Volume= 0.058 af
Primary = 1.00 cfs @ 12.03 hrs,  Volume= 0.058 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 3P: Discharge to Seneca Street Drainage System
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Summary for Pond 4P: Discharge to West Property

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 8.200 ac, 30.12% Impervious,  Inflow Depth = 3.54"    for  100-YR event
Inflow = 23.24 cfs @ 11.98 hrs,  Volume= 2.418 af
Primary = 23.24 cfs @ 11.98 hrs,  Volume= 2.418 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 4P: Discharge to West Property

Inflow
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Hydrograph

Time  (hours)
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Rainfall Events Listing

Event# Event

Name

Storm Type Curve Mode Duration

(hours)

B/B Depth

(inches)

AMC

1 1-YR Type II 24-hr Default 24.00 1 1.80 2

2 10-YR Type II 24-hr Default 24.00 1 3.11 2

3 100-YR Type II 24-hr Default 24.00 1 5.14 2
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

3.102 80 >75% Grass cover, Good, HSG D  (1S, 2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S)

4.310 98 Paved parking, HSG D  (2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S)

1.000 77 Woods, Good, HSG D  (1S)

8.412 89 TOTAL AREA
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Summary for Subcatchment 1S: North Drainage Area - Lawn Area

Runoff = 0.39 cfs @ 12.35 hrs,  Volume= 0.051 af,  Depth= 0.38"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.626 80 >75% Grass cover, Good, HSG D
1.000 77 Woods, Good, HSG D

1.626 78 Weighted Average
1.626 100.00% Pervious Area

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

27.9 100 0.0060 0.06 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

5.9 193 0.0060 0.54 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

33.8 293 Total

Subcatchment 1S: North Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)
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0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=1.626 ac

Runoff Volume=0.051 af

Runoff Depth=0.38"

Flow Length=293'

Slope=0.0060 '/'

Tc=33.8 min

CN=78

0.39 cfs
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Summary for Subcatchment 2S: Northeast Drainage Area

Runoff = 0.84 cfs @ 11.97 hrs,  Volume= 0.040 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.306 98 Paved parking, HSG D
0.142 80 >75% Grass cover, Good, HSG D

0.448 92 Weighted Average
0.142 31.70% Pervious Area
0.306 68.30% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Northeast Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
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)
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0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.448 ac

Runoff Volume=0.040 af

Runoff Depth=1.06"

Tc=6.0 min

CN=92

0.84 cfs



Type II 24-hr  1-YR Rainfall=1.80"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 6HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Summary for Subcatchment 3S: Northwest Drainage Area

Runoff = 0.40 cfs @ 11.97 hrs,  Volume= 0.019 af,  Depth= 0.99"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.133 98 Paved parking, HSG D
0.094 80 >75% Grass cover, Good, HSG D

0.227 91 Weighted Average
0.094 41.41% Pervious Area
0.133 58.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 3S: Northwest Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
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Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.227 ac

Runoff Volume=0.019 af

Runoff Depth=0.99"

Tc=6.0 min

CN=91

0.40 cfs
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Summary for Subcatchment 4S: Middle Drainage Area

Runoff = 1.10 cfs @ 11.97 hrs,  Volume= 0.053 af,  Depth= 1.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.406 98 Paved parking, HSG D
0.120 80 >75% Grass cover, Good, HSG D

0.526 94 Weighted Average
0.120 22.81% Pervious Area
0.406 77.19% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Middle Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

1

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.526 ac

Runoff Volume=0.053 af

Runoff Depth=1.21"

Tc=6.0 min

CN=94

1.10 cfs
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Summary for Subcatchment 5S: Southeast Drainage Area

Runoff = 0.64 cfs @ 11.97 hrs,  Volume= 0.030 af,  Depth= 0.86"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.201 98 Paved parking, HSG D
0.215 80 >75% Grass cover, Good, HSG D

0.416 89 Weighted Average
0.215 51.68% Pervious Area
0.201 48.32% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 5S: Southeast Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.416 ac

Runoff Volume=0.030 af

Runoff Depth=0.86"

Tc=6.0 min

CN=89

0.64 cfs
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Summary for Subcatchment 6S: West Drainage Area

Runoff = 0.51 cfs @ 11.97 hrs,  Volume= 0.026 af,  Depth= 1.48"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.196 98 Paved parking, HSG D
0.017 80 >75% Grass cover, Good, HSG D

0.213 97 Weighted Average
0.017 7.98% Pervious Area
0.196 92.02% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 6S: West Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.213 ac

Runoff Volume=0.026 af

Runoff Depth=1.48"

Tc=6.0 min

CN=97

0.51 cfs
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Summary for Subcatchment 7S: North Parking Lot (to Wet Pond)

Runoff = 3.09 cfs @ 11.97 hrs,  Volume= 0.145 af,  Depth= 0.99"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

1.074 98 Paved parking, HSG D
0.682 80 >75% Grass cover, Good, HSG D

1.756 91 Weighted Average
0.682 38.84% Pervious Area
1.074 61.16% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 7S: North Parking Lot (to Wet Pond)

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

3
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1

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=1.756 ac

Runoff Volume=0.145 af

Runoff Depth=0.99"

Tc=6.0 min

CN=91

3.09 cfs
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Summary for Subcatchment 8S: East Drainage Area

Runoff = 3.28 cfs @ 11.97 hrs,  Volume= 0.155 af,  Depth= 1.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

1.198 98 Paved parking, HSG D
0.559 80 >75% Grass cover, Good, HSG D

1.757 92 Weighted Average
0.559 31.82% Pervious Area
1.198 68.18% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 8S: East Drainage Area

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
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fs

)

3

2

1

0

Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=1.757 ac

Runoff Volume=0.155 af

Runoff Depth=1.06"

Tc=6.0 min

CN=92

3.28 cfs
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Summary for Subcatchment 9S: Southwest Drainage Area

Runoff = 2.19 cfs @ 11.97 hrs,  Volume= 0.103 af,  Depth= 0.99"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.746 98 Paved parking, HSG D
0.497 80 >75% Grass cover, Good, HSG D

1.243 91 Weighted Average
0.497 39.98% Pervious Area
0.746 60.02% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 9S: Southwest Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=1.243 ac

Runoff Volume=0.103 af

Runoff Depth=0.99"

Tc=6.0 min

CN=91

2.19 cfs
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Summary for Subcatchment 10S: South Drainage Area

Runoff = 0.19 cfs @ 12.04 hrs,  Volume= 0.011 af,  Depth= 0.65"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  1-YR Rainfall=1.80"

Area (ac) CN Description

0.150 80 >75% Grass cover, Good, HSG D
0.050 98 Paved parking, HSG D

0.200 85 Weighted Average
0.150 75.00% Pervious Area
0.050 25.00% Impervious Area

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

11.4 74 0.0310 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

Subcatchment 10S: South Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

1-YR Rainfall=1.80"

Runoff Area=0.200 ac

Runoff Volume=0.011 af

Runoff Depth=0.65"

Flow Length=74'

Slope=0.0310 '/'

Tc=11.4 min

CN=85

0.19 cfs
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Summary for Pond 1P: Discharge from North Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.626 ac, 0.00% Impervious,  Inflow Depth = 0.38"    for  1-YR event
Inflow = 0.39 cfs @ 12.35 hrs,  Volume= 0.051 af
Primary = 0.39 cfs @ 12.35 hrs,  Volume= 0.051 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 1P: Discharge from North Drainage Area

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.42

0.4

0.38

0.36

0.34

0.32

0.3

0.28

0.26

0.24

0.22

0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Inflow Area=1.626 ac
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Summary for Pond 2P: Northeast Bioretention Basin

Inflow Area = 0.448 ac, 68.30% Impervious,  Inflow Depth = 1.06"    for  1-YR event
Inflow = 0.84 cfs @ 11.97 hrs,  Volume= 0.040 af
Outflow = 0.55 cfs @ 12.04 hrs,  Volume= 0.026 af,  Atten= 34%,  Lag= 4.1 min
Primary = 0.55 cfs @ 12.04 hrs,  Volume= 0.026 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.58' @ 12.04 hrs   Surf.Area= 1,388 sf   Storage= 706 cf

Plug-Flow detention time= 198.1 min calculated for 0.026 af (67% of inflow)
Center-of-Mass det. time= 93.5 min ( 910.7 - 817.2 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 2,312 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 1,070 133.0 0 0 1,070
712.00 1,649 158.0 1,349 1,349 1,667
712.50 2,218 180.0 963 2,312 2,265

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 170.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 40.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 1,070 sf   

Primary OutFlow  Max=0.55 cfs @ 12.04 hrs  HW=711.58'   (Free Discharge)
1=Culvert  (Passes 0.55 cfs of 3.57 cfs potential flow)

2=Orifice/Grate  (Weir Controls 0.55 cfs @ 0.90 fps)
3=Underdrain  (Passes 0.00 cfs of 2.27 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 2P: Northeast Bioretention Basin
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Time  (hours)
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Inflow Area=0.448 ac

Peak Elev=711.58'

Storage=706 cf
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Summary for Pond 3P: Northwest Bioretention Basin

Inflow Area = 0.227 ac, 58.59% Impervious,  Inflow Depth = 0.99"    for  1-YR event
Inflow = 0.40 cfs @ 11.97 hrs,  Volume= 0.019 af
Outflow = 0.24 cfs @ 12.05 hrs,  Volume= 0.012 af,  Atten= 41%,  Lag= 4.6 min
Primary = 0.24 cfs @ 12.05 hrs,  Volume= 0.012 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 712.04' @ 12.05 hrs   Surf.Area= 783 sf   Storage= 342 cf

Plug-Flow detention time= 228.5 min calculated for 0.012 af (66% of inflow)
Center-of-Mass det. time= 121.2 min ( 944.0 - 822.8 )

Volume Invert Avail.Storage Storage Description

#1 711.50' 1,373 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.50 487 131.0 0 0 487
712.00 759 144.0 309 309 780
713.00 1,402 171.0 1,064 1,373 1,475

Device Routing     Invert Outlet Devices

#1 Primary 708.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.75' / 708.25'   S= 0.0109 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 712.00' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.75' 8.0"  Round Underdrain   
L= 51.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.75' / 708.75'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.50' 0.250 in/hr Exfiltration over Surface area above 711.50'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 487 sf   

Primary OutFlow  Max=0.23 cfs @ 12.05 hrs  HW=712.04'   (Free Discharge)
1=Culvert  (Passes 0.23 cfs of 4.99 cfs potential flow)

2=Orifice/Grate  (Weir Controls 0.23 cfs @ 0.68 fps)
3=Underdrain  (Passes 0.00 cfs of 2.11 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 3P: Northwest Bioretention Basin
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Inflow Area=0.227 ac

Peak Elev=712.04'

Storage=342 cf
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Summary for Pond 4P: Middle Bioretention Basin

Inflow Area = 0.526 ac, 77.19% Impervious,  Inflow Depth = 1.21"    for  1-YR event
Inflow = 1.10 cfs @ 11.97 hrs,  Volume= 0.053 af
Outflow = 0.37 cfs @ 12.09 hrs,  Volume= 0.031 af,  Atten= 67%,  Lag= 7.1 min
Primary = 0.37 cfs @ 12.09 hrs,  Volume= 0.031 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.56' @ 12.09 hrs   Surf.Area= 2,386 sf   Storage= 1,162 cf

Plug-Flow detention time= 244.5 min calculated for 0.031 af (58% of inflow)
Center-of-Mass det. time= 135.8 min ( 940.5 - 804.6 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 3,947 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 1,795 362.0 0 0 1,795
712.00 2,915 400.0 2,332 2,332 4,131
712.50 3,555 418.0 1,615 3,947 5,320

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 64.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 144.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 1,795 sf   

Primary OutFlow  Max=0.37 cfs @ 12.09 hrs  HW=711.56'   (Free Discharge)
1=Culvert  (Passes 0.37 cfs of 4.84 cfs potential flow)

2=Orifice/Grate  (Weir Controls 0.36 cfs @ 0.78 fps)
3=Underdrain  (Passes 0.00 cfs of 1.46 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 4P: Middle Bioretention Basin
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Peak Elev=711.56'
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Summary for Pond 5P: South Bioretention Basin

Inflow Area = 0.416 ac, 48.32% Impervious,  Inflow Depth = 0.86"    for  1-YR event
Inflow = 0.64 cfs @ 11.97 hrs,  Volume= 0.030 af
Outflow = 0.36 cfs @ 12.05 hrs,  Volume= 0.020 af,  Atten= 44%,  Lag= 4.8 min
Primary = 0.36 cfs @ 12.05 hrs,  Volume= 0.020 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.56' @ 12.05 hrs   Surf.Area= 1,088 sf   Storage= 512 cf

Plug-Flow detention time= 208.7 min calculated for 0.020 af (68% of inflow)
Center-of-Mass det. time= 100.4 min ( 933.5 - 833.1 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 1,834 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 760 184.0 0 0 760
712.00 1,390 209.0 1,059 1,059 1,566
712.50 1,716 221.0 775 1,834 1,991

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 75.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 66.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 760 sf   

Primary OutFlow  Max=0.36 cfs @ 12.05 hrs  HW=711.56'   (Free Discharge)
1=Culvert  (Passes 0.36 cfs of 4.64 cfs potential flow)

2=Orifice/Grate  (Weir Controls 0.36 cfs @ 0.78 fps)
3=Underdrain  (Passes 0.00 cfs of 1.95 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)



Type II 24-hr  1-YR Rainfall=1.80"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 22HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Pond 5P: South Bioretention Basin
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Summary for Pond 6P: Dry Detention Basin

[79] Warning: Submerged Pond 2P Primary device # 1 by 0.69'
[79] Warning: Submerged Pond 3P Primary device # 1 INLET by 0.19'
[79] Warning: Submerged Pond 4P Primary device # 1 by 0.69'
[79] Warning: Submerged Pond 5P Primary device # 1 by 0.69'

Inflow Area = 5.343 ac, 65.77% Impervious,  Inflow Depth > 0.94"    for  1-YR event
Inflow = 6.98 cfs @ 11.98 hrs,  Volume= 0.416 af
Outflow = 0.72 cfs @ 12.61 hrs,  Volume= 0.377 af,  Atten= 90%,  Lag= 37.7 min
Primary = 0.72 cfs @ 12.61 hrs,  Volume= 0.377 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 708.94' @ 12.61 hrs   Surf.Area= 13,145 sf   Storage= 8,430 cf

Plug-Flow detention time= 226.7 min calculated for 0.377 af (91% of inflow)
Center-of-Mass det. time= 174.4 min ( 1,015.7 - 841.3 )

Volume Invert Avail.Storage Storage Description

#1 708.25' 48,387 cf Dry Detention Basin (Irregular) Listed below (Recalc)
#2 708.25' 939 cf 12.0"  Round 12" Diameter Pipe Storage

L= 1,195.0'
#3 708.25' 1,582 cf 18.0"  Round 18" Diameter Pipe Storage

L= 895.0'

50,907 cf Total Available Storage

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

708.25 9,511 421.0 0 0 9,511
709.00 10,804 440.0 7,613 7,613 10,852
710.00 12,614 465.0 11,697 19,310 12,709
711.00 14,524 490.0 13,558 32,868 14,668
712.00 16,535 515.0 15,519 48,387 16,729

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 20.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 708.25' 6.5" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 710.35' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=0.72 cfs @ 12.61 hrs  HW=708.94'   (Free Discharge)
1=Culvert  (Passes 0.72 cfs of 0.87 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 0.72 cfs @ 3.13 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=708.25'   (Free Discharge)
3=Orifice/Grate  ( Controls 0.00 cfs)



Type II 24-hr  1-YR Rainfall=1.80"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 24HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Pond 6P: Dry Detention Basin
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Summary for Pond 7P: Discharge to 12-inch Culvert

[81] Warning: Exceeded Pond 6P by 0.36' @ 11.98 hrs

Inflow Area = 6.586 ac, 64.68% Impervious,  Inflow Depth > 0.87"    for  1-YR event
Inflow = 2.54 cfs @ 11.98 hrs,  Volume= 0.480 af
Outflow = 2.32 cfs @ 12.02 hrs,  Volume= 0.480 af,  Atten= 9%,  Lag= 2.1 min
Primary = 2.32 cfs @ 12.02 hrs,  Volume= 0.480 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 709.09' @ 12.02 hrs   Surf.Area= 780 sf   Storage= 204 cf

Plug-Flow detention time= 0.5 min calculated for 0.480 af (100% of inflow)
Center-of-Mass det. time= 0.5 min ( 974.9 - 974.4 )

Volume Invert Avail.Storage Storage Description

#1 708.21' 4,370 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

708.21 0 0.0 0 0 0
709.00 560 269.0 147 147 5,759
710.00 5,437 618.0 2,581 2,728 30,398
710.25 7,765 634.0 1,642 4,370 31,999

Device Routing     Invert Outlet Devices

#1 Primary 708.21' 12.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Secondary 710.00' 180.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   

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

Primary OutFlow  Max=2.32 cfs @ 12.02 hrs  HW=709.08'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 2.32 cfs @ 3.18 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=708.21'   (Free Discharge)
2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 7P: Discharge to 12-inch Culvert

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
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Inflow Area=6.586 ac

Peak Elev=709.09'

Storage=204 cf

2.54 cfs

2.32 cfs2.32 cfs

0.00 cfs
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Summary for Pond 8P: Discharge to West Property

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 8.212 ac, 51.88% Impervious,  Inflow Depth > 0.78"    for  1-YR event
Inflow = 2.40 cfs @ 12.02 hrs,  Volume= 0.531 af
Primary = 2.40 cfs @ 12.02 hrs,  Volume= 0.531 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 8P: Discharge to West Property

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=8.212 ac

2.40 cfs2.40 cfs
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Summary for Pond 9P: Discharge to Seneca Street Drainage System

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.200 ac, 25.00% Impervious,  Inflow Depth = 0.65"    for  1-YR event
Inflow = 0.19 cfs @ 12.04 hrs,  Volume= 0.011 af
Primary = 0.19 cfs @ 12.04 hrs,  Volume= 0.011 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 9P: Discharge to Seneca Street Drainage System

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.200 ac

0.19 cfs0.19 cfs
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Summary for Pond 10P: Permanent Pool

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 702.00' 16,601 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

702.00 1,398 157.0 0 0 1,398
703.00 1,732 170.0 1,562 1,562 1,774
704.00 2,082 182.0 1,904 3,466 2,153
705.00 2,468 196.0 2,272 5,739 2,615
706.00 2,870 208.0 2,666 8,405 3,050
707.00 3,286 220.0 3,076 11,481 3,512
708.00 3,754 233.0 3,517 14,998 4,032
708.25 9,511 421.0 1,603 16,601 13,817
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Summary for Subcatchment 1S: North Drainage Area - Lawn Area

Runoff = 1.51 cfs @ 12.29 hrs,  Volume= 0.164 af,  Depth= 1.21"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.626 80 >75% Grass cover, Good, HSG D
1.000 77 Woods, Good, HSG D

1.626 78 Weighted Average
1.626 100.00% Pervious Area

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

27.9 100 0.0060 0.06 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

5.9 193 0.0060 0.54 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

33.8 293 Total

Subcatchment 1S: North Drainage Area - Lawn Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=1.626 ac

Runoff Volume=0.164 af

Runoff Depth=1.21"

Flow Length=293'

Slope=0.0060 '/'

Tc=33.8 min

CN=78

1.51 cfs
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Summary for Subcatchment 2S: Northeast Drainage Area

Runoff = 1.72 cfs @ 11.97 hrs,  Volume= 0.085 af,  Depth= 2.27"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.306 98 Paved parking, HSG D
0.142 80 >75% Grass cover, Good, HSG D

0.448 92 Weighted Average
0.142 31.70% Pervious Area
0.306 68.30% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Northeast Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.448 ac

Runoff Volume=0.085 af

Runoff Depth=2.27"

Tc=6.0 min

CN=92

1.72 cfs
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Summary for Subcatchment 3S: Northwest Drainage Area

Runoff = 0.85 cfs @ 11.97 hrs,  Volume= 0.041 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.133 98 Paved parking, HSG D
0.094 80 >75% Grass cover, Good, HSG D

0.227 91 Weighted Average
0.094 41.41% Pervious Area
0.133 58.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 3S: Northwest Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.227 ac

Runoff Volume=0.041 af

Runoff Depth=2.17"

Tc=6.0 min

CN=91

0.85 cfs



Type II 24-hr  10-YR Rainfall=3.11"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 33HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Summary for Subcatchment 4S: Middle Drainage Area

Runoff = 2.14 cfs @ 11.97 hrs,  Volume= 0.108 af,  Depth= 2.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.406 98 Paved parking, HSG D
0.120 80 >75% Grass cover, Good, HSG D

0.526 94 Weighted Average
0.120 22.81% Pervious Area
0.406 77.19% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Middle Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.526 ac

Runoff Volume=0.108 af

Runoff Depth=2.46"

Tc=6.0 min

CN=94

2.14 cfs



Type II 24-hr  10-YR Rainfall=3.11"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 34HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Summary for Subcatchment 5S: Southeast Drainage Area

Runoff = 1.45 cfs @ 11.97 hrs,  Volume= 0.069 af,  Depth= 2.00"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.201 98 Paved parking, HSG D
0.215 80 >75% Grass cover, Good, HSG D

0.416 89 Weighted Average
0.215 51.68% Pervious Area
0.201 48.32% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 5S: Southeast Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.416 ac

Runoff Volume=0.069 af

Runoff Depth=2.00"

Tc=6.0 min

CN=89

1.45 cfs
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Summary for Subcatchment 6S: West Drainage Area

Runoff = 0.92 cfs @ 11.97 hrs,  Volume= 0.049 af,  Depth= 2.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.196 98 Paved parking, HSG D
0.017 80 >75% Grass cover, Good, HSG D

0.213 97 Weighted Average
0.017 7.98% Pervious Area
0.196 92.02% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 6S: West Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.213 ac

Runoff Volume=0.049 af

Runoff Depth=2.77"

Tc=6.0 min

CN=97

0.92 cfs
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Summary for Subcatchment 7S: North Parking Lot (to Wet Pond)

Runoff = 6.54 cfs @ 11.97 hrs,  Volume= 0.318 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

1.074 98 Paved parking, HSG D
0.682 80 >75% Grass cover, Good, HSG D

1.756 91 Weighted Average
0.682 38.84% Pervious Area
1.074 61.16% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 7S: North Parking Lot (to Wet Pond)

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=1.756 ac

Runoff Volume=0.318 af

Runoff Depth=2.17"

Tc=6.0 min

CN=91

6.54 cfs
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Summary for Subcatchment 8S: East Drainage Area

Runoff = 6.75 cfs @ 11.97 hrs,  Volume= 0.332 af,  Depth= 2.27"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

1.198 98 Paved parking, HSG D
0.559 80 >75% Grass cover, Good, HSG D

1.757 92 Weighted Average
0.559 31.82% Pervious Area
1.198 68.18% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 8S: East Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=1.757 ac

Runoff Volume=0.332 af

Runoff Depth=2.27"

Tc=6.0 min

CN=92

6.75 cfs
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Summary for Subcatchment 9S: Southwest Drainage Area

Runoff = 4.63 cfs @ 11.97 hrs,  Volume= 0.225 af,  Depth= 2.17"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.746 98 Paved parking, HSG D
0.497 80 >75% Grass cover, Good, HSG D

1.243 91 Weighted Average
0.497 39.98% Pervious Area
0.746 60.02% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 9S: Southwest Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=1.243 ac

Runoff Volume=0.225 af

Runoff Depth=2.17"

Tc=6.0 min

CN=91

4.63 cfs
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Summary for Subcatchment 10S: South Drainage Area

Runoff = 0.49 cfs @ 12.03 hrs,  Volume= 0.028 af,  Depth= 1.68"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  10-YR Rainfall=3.11"

Area (ac) CN Description

0.150 80 >75% Grass cover, Good, HSG D
0.050 98 Paved parking, HSG D

0.200 85 Weighted Average
0.150 75.00% Pervious Area
0.050 25.00% Impervious Area

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

11.4 74 0.0310 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

Subcatchment 10S: South Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

10-YR Rainfall=3.11"

Runoff Area=0.200 ac

Runoff Volume=0.028 af

Runoff Depth=1.68"

Flow Length=74'

Slope=0.0310 '/'

Tc=11.4 min

CN=85

0.49 cfs
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Summary for Pond 1P: Discharge from North Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.626 ac, 0.00% Impervious,  Inflow Depth = 1.21"    for  10-YR event
Inflow = 1.51 cfs @ 12.29 hrs,  Volume= 0.164 af
Primary = 1.51 cfs @ 12.29 hrs,  Volume= 0.164 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 1P: Discharge from North Drainage Area

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=1.626 ac

1.51 cfs1.51 cfs
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Summary for Pond 2P: Northeast Bioretention Basin

Inflow Area = 0.448 ac, 68.30% Impervious,  Inflow Depth = 2.27"    for  10-YR event
Inflow = 1.72 cfs @ 11.97 hrs,  Volume= 0.085 af
Outflow = 1.65 cfs @ 11.99 hrs,  Volume= 0.071 af,  Atten= 4%,  Lag= 1.3 min
Primary = 1.65 cfs @ 11.99 hrs,  Volume= 0.071 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.66' @ 11.99 hrs   Surf.Area= 1,437 sf   Storage= 822 cf

Plug-Flow detention time= 116.2 min calculated for 0.071 af (84% of inflow)
Center-of-Mass det. time= 47.0 min ( 842.6 - 795.6 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 2,312 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 1,070 133.0 0 0 1,070
712.00 1,649 158.0 1,349 1,349 1,667
712.50 2,218 180.0 963 2,312 2,265

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 170.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 40.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 1,070 sf   

Primary OutFlow  Max=1.65 cfs @ 11.99 hrs  HW=711.66'   (Free Discharge)
1=Culvert  (Passes 1.65 cfs of 3.64 cfs potential flow)

2=Orifice/Grate  (Weir Controls 1.64 cfs @ 1.30 fps)
3=Underdrain  (Passes 0.00 cfs of 2.30 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 2P: Northeast Bioretention Basin

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.448 ac

Peak Elev=711.66'

Storage=822 cf

1.72 cfs
1.65 cfs
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Summary for Pond 3P: Northwest Bioretention Basin

Inflow Area = 0.227 ac, 58.59% Impervious,  Inflow Depth = 2.17"    for  10-YR event
Inflow = 0.85 cfs @ 11.97 hrs,  Volume= 0.041 af
Outflow = 0.82 cfs @ 11.99 hrs,  Volume= 0.035 af,  Atten= 2%,  Lag= 1.0 min
Primary = 0.82 cfs @ 11.99 hrs,  Volume= 0.035 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 712.10' @ 11.99 hrs   Surf.Area= 814 sf   Storage= 387 cf

Plug-Flow detention time= 123.0 min calculated for 0.035 af (84% of inflow)
Center-of-Mass det. time= 53.3 min ( 853.8 - 800.4 )

Volume Invert Avail.Storage Storage Description

#1 711.50' 1,373 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.50 487 131.0 0 0 487
712.00 759 144.0 309 309 780
713.00 1,402 171.0 1,064 1,373 1,475

Device Routing     Invert Outlet Devices

#1 Primary 708.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.75' / 708.25'   S= 0.0109 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 712.00' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.75' 8.0"  Round Underdrain   
L= 51.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.75' / 708.75'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.50' 0.250 in/hr Exfiltration over Surface area above 711.50'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 487 sf   

Primary OutFlow  Max=0.82 cfs @ 11.99 hrs  HW=712.10'   (Free Discharge)
1=Culvert  (Passes 0.82 cfs of 5.04 cfs potential flow)

2=Orifice/Grate  (Weir Controls 0.82 cfs @ 1.03 fps)
3=Underdrain  (Passes 0.00 cfs of 2.13 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 3P: Northwest Bioretention Basin

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Inflow Area=0.227 ac

Peak Elev=712.10'

Storage=387 cf

0.85 cfs
0.82 cfs



Type II 24-hr  10-YR Rainfall=3.11"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 45HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Summary for Pond 4P: Middle Bioretention Basin

Inflow Area = 0.526 ac, 77.19% Impervious,  Inflow Depth = 2.46"    for  10-YR event
Inflow = 2.14 cfs @ 11.97 hrs,  Volume= 0.108 af
Outflow = 1.94 cfs @ 12.00 hrs,  Volume= 0.085 af,  Atten= 9%,  Lag= 2.0 min
Primary = 1.94 cfs @ 12.00 hrs,  Volume= 0.085 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.68' @ 12.00 hrs   Surf.Area= 2,523 sf   Storage= 1,453 cf

Plug-Flow detention time= 148.2 min calculated for 0.085 af (79% of inflow)
Center-of-Mass det. time= 66.9 min ( 851.6 - 784.8 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 3,947 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 1,795 362.0 0 0 1,795
712.00 2,915 400.0 2,332 2,332 4,131
712.50 3,555 418.0 1,615 3,947 5,320

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 64.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 144.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 1,795 sf   

Primary OutFlow  Max=1.94 cfs @ 12.00 hrs  HW=711.68'   (Free Discharge)
1=Culvert  (Passes 1.94 cfs of 4.97 cfs potential flow)

2=Orifice/Grate  (Weir Controls 1.93 cfs @ 1.37 fps)
3=Underdrain  (Passes 0.00 cfs of 1.50 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 4P: Middle Bioretention Basin
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Summary for Pond 5P: South Bioretention Basin

Inflow Area = 0.416 ac, 48.32% Impervious,  Inflow Depth = 2.00"    for  10-YR event
Inflow = 1.45 cfs @ 11.97 hrs,  Volume= 0.069 af
Outflow = 1.40 cfs @ 11.99 hrs,  Volume= 0.060 af,  Atten= 3%,  Lag= 1.1 min
Primary = 1.40 cfs @ 11.99 hrs,  Volume= 0.060 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.64' @ 11.99 hrs   Surf.Area= 1,143 sf   Storage= 607 cf

Plug-Flow detention time= 106.9 min calculated for 0.060 af (86% of inflow)
Center-of-Mass det. time= 42.3 min ( 851.5 - 809.1 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 1,834 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 760 184.0 0 0 760
712.00 1,390 209.0 1,059 1,059 1,566
712.50 1,716 221.0 775 1,834 1,991

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 75.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 66.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 760 sf   

Primary OutFlow  Max=1.40 cfs @ 11.99 hrs  HW=711.64'   (Free Discharge)
1=Culvert  (Passes 1.40 cfs of 4.73 cfs potential flow)

2=Orifice/Grate  (Weir Controls 1.40 cfs @ 1.23 fps)
3=Underdrain  (Passes 0.00 cfs of 1.98 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 5P: South Bioretention Basin
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Summary for Pond 6P: Dry Detention Basin

[79] Warning: Submerged Pond 2P Primary device # 1 by 1.77'
[79] Warning: Submerged Pond 3P Primary device # 1 INLET by 1.27'
[79] Warning: Submerged Pond 4P Primary device # 1 by 1.77'
[79] Warning: Submerged Pond 5P Primary device # 1 by 1.77'

Inflow Area = 5.343 ac, 65.77% Impervious,  Inflow Depth > 2.13"    for  10-YR event
Inflow = 19.84 cfs @ 11.98 hrs,  Volume= 0.950 af
Outflow = 1.36 cfs @ 12.63 hrs,  Volume= 0.905 af,  Atten= 93%,  Lag= 39.3 min
Primary = 1.36 cfs @ 12.63 hrs,  Volume= 0.905 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 710.02' @ 12.63 hrs   Surf.Area= 12,650 sf   Storage= 22,080 cf

Plug-Flow detention time= 232.7 min calculated for 0.904 af (95% of inflow)
Center-of-Mass det. time= 203.8 min ( 1,013.6 - 809.8 )

Volume Invert Avail.Storage Storage Description

#1 708.25' 48,387 cf Dry Detention Basin (Irregular) Listed below (Recalc)
#2 708.25' 939 cf 12.0"  Round 12" Diameter Pipe Storage

L= 1,195.0'
#3 708.25' 1,582 cf 18.0"  Round 18" Diameter Pipe Storage

L= 895.0'

50,907 cf Total Available Storage

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

708.25 9,511 421.0 0 0 9,511
709.00 10,804 440.0 7,613 7,613 10,852
710.00 12,614 465.0 11,697 19,310 12,709
711.00 14,524 490.0 13,558 32,868 14,668
712.00 16,535 515.0 15,519 48,387 16,729

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 20.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 708.25' 6.5" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 710.35' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=1.36 cfs @ 12.63 hrs  HW=710.02'   (Free Discharge)
1=Culvert  (Passes 1.36 cfs of 3.36 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 1.36 cfs @ 5.90 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=708.25'   (Free Discharge)
3=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 6P: Dry Detention Basin
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Summary for Pond 7P: Discharge to 12-inch Culvert

[81] Warning: Exceeded Pond 6P by 0.25' @ 11.89 hrs

Inflow Area = 6.586 ac, 64.68% Impervious,  Inflow Depth > 2.06"    for  10-YR event
Inflow = 5.65 cfs @ 11.97 hrs,  Volume= 1.130 af
Outflow = 3.70 cfs @ 12.05 hrs,  Volume= 1.130 af,  Atten= 35%,  Lag= 4.8 min
Primary = 3.70 cfs @ 12.05 hrs,  Volume= 1.130 af
Secondary = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 709.67' @ 12.05 hrs   Surf.Area= 3,250 sf   Storage= 1,293 cf

Plug-Flow detention time= 1.1 min calculated for 1.130 af (100% of inflow)
Center-of-Mass det. time= 1.1 min ( 972.2 - 971.1 )

Volume Invert Avail.Storage Storage Description

#1 708.21' 4,370 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

708.21 0 0.0 0 0 0
709.00 560 269.0 147 147 5,759
710.00 5,437 618.0 2,581 2,728 30,398
710.25 7,765 634.0 1,642 4,370 31,999

Device Routing     Invert Outlet Devices

#1 Primary 708.21' 12.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Secondary 710.00' 180.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   

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

Primary OutFlow  Max=3.70 cfs @ 12.05 hrs  HW=709.67'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 3.70 cfs @ 4.71 fps)

Secondary OutFlow  Max=0.00 cfs @ 0.00 hrs  HW=708.21'   (Free Discharge)
2=Broad-Crested Rectangular Weir  ( Controls 0.00 cfs)
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Pond 7P: Discharge to 12-inch Culvert
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Summary for Pond 8P: Discharge to West Property

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 8.212 ac, 51.88% Impervious,  Inflow Depth > 1.89"    for  10-YR event
Inflow = 4.63 cfs @ 12.17 hrs,  Volume= 1.293 af
Primary = 4.63 cfs @ 12.17 hrs,  Volume= 1.293 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 8P: Discharge to West Property
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Summary for Pond 9P: Discharge to Seneca Street Drainage System

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.200 ac, 25.00% Impervious,  Inflow Depth = 1.68"    for  10-YR event
Inflow = 0.49 cfs @ 12.03 hrs,  Volume= 0.028 af
Primary = 0.49 cfs @ 12.03 hrs,  Volume= 0.028 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 9P: Discharge to Seneca Street Drainage System
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Summary for Pond 10P: Permanent Pool

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 702.00' 16,601 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

702.00 1,398 157.0 0 0 1,398
703.00 1,732 170.0 1,562 1,562 1,774
704.00 2,082 182.0 1,904 3,466 2,153
705.00 2,468 196.0 2,272 5,739 2,615
706.00 2,870 208.0 2,666 8,405 3,050
707.00 3,286 220.0 3,076 11,481 3,512
708.00 3,754 233.0 3,517 14,998 4,032
708.25 9,511 421.0 1,603 16,601 13,817
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Summary for Subcatchment 1S: North Drainage Area - Lawn Area

Runoff = 3.69 cfs @ 12.28 hrs,  Volume= 0.384 af,  Depth= 2.83"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.626 80 >75% Grass cover, Good, HSG D
1.000 77 Woods, Good, HSG D

1.626 78 Weighted Average
1.626 100.00% Pervious Area

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

27.9 100 0.0060 0.06 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

5.9 193 0.0060 0.54 Shallow Concentrated Flow, 
Short Grass Pasture   Kv= 7.0 fps

33.8 293 Total

Subcatchment 1S: North Drainage Area - Lawn Area
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=1.626 ac

Runoff Volume=0.384 af

Runoff Depth=2.83"

Flow Length=293'

Slope=0.0060 '/'

Tc=33.8 min

CN=78

3.69 cfs
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Summary for Subcatchment 2S: Northeast Drainage Area

Runoff = 3.08 cfs @ 11.97 hrs,  Volume= 0.158 af,  Depth= 4.23"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.306 98 Paved parking, HSG D
0.142 80 >75% Grass cover, Good, HSG D

0.448 92 Weighted Average
0.142 31.70% Pervious Area
0.306 68.30% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Northeast Drainage Area
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.448 ac

Runoff Volume=0.158 af

Runoff Depth=4.23"

Tc=6.0 min

CN=92

3.08 cfs
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Summary for Subcatchment 3S: Northwest Drainage Area

Runoff = 1.54 cfs @ 11.97 hrs,  Volume= 0.078 af,  Depth= 4.12"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.133 98 Paved parking, HSG D
0.094 80 >75% Grass cover, Good, HSG D

0.227 91 Weighted Average
0.094 41.41% Pervious Area
0.133 58.59% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 3S: Northwest Drainage Area
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.227 ac

Runoff Volume=0.078 af

Runoff Depth=4.12"

Tc=6.0 min

CN=91

1.54 cfs
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Summary for Subcatchment 4S: Middle Drainage Area

Runoff = 3.72 cfs @ 11.97 hrs,  Volume= 0.195 af,  Depth= 4.45"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.406 98 Paved parking, HSG D
0.120 80 >75% Grass cover, Good, HSG D

0.526 94 Weighted Average
0.120 22.81% Pervious Area
0.406 77.19% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Middle Drainage Area
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.526 ac

Runoff Volume=0.195 af

Runoff Depth=4.45"

Tc=6.0 min

CN=94

3.72 cfs



Type II 24-hr  100-YR Rainfall=5.14"Life Church - Proposed Drainage Analysis
  Printed  6/24/2020Prepared by C&S Companies

Page 60HydroCAD® 10.10-4a  s/n 04066  © 2020 HydroCAD Software Solutions LLC

Summary for Subcatchment 5S: Southeast Drainage Area

Runoff = 2.72 cfs @ 11.97 hrs,  Volume= 0.135 af,  Depth= 3.91"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.201 98 Paved parking, HSG D
0.215 80 >75% Grass cover, Good, HSG D

0.416 89 Weighted Average
0.215 51.68% Pervious Area
0.201 48.32% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 5S: Southeast Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.416 ac

Runoff Volume=0.135 af

Runoff Depth=3.91"

Tc=6.0 min

CN=89

2.72 cfs
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Summary for Subcatchment 6S: West Drainage Area

Runoff = 1.55 cfs @ 11.97 hrs,  Volume= 0.085 af,  Depth= 4.79"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.196 98 Paved parking, HSG D
0.017 80 >75% Grass cover, Good, HSG D

0.213 97 Weighted Average
0.017 7.98% Pervious Area
0.196 92.02% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 6S: West Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.213 ac

Runoff Volume=0.085 af

Runoff Depth=4.79"

Tc=6.0 min

CN=97

1.55 cfs
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Summary for Subcatchment 7S: North Parking Lot (to Wet Pond)

Runoff = 11.90 cfs @ 11.97 hrs,  Volume= 0.603 af,  Depth= 4.12"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

1.074 98 Paved parking, HSG D
0.682 80 >75% Grass cover, Good, HSG D

1.756 91 Weighted Average
0.682 38.84% Pervious Area
1.074 61.16% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 7S: North Parking Lot (to Wet Pond)

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=1.756 ac

Runoff Volume=0.603 af

Runoff Depth=4.12"

Tc=6.0 min

CN=91

11.90 cfs
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Summary for Subcatchment 8S: East Drainage Area

Runoff = 12.09 cfs @ 11.97 hrs,  Volume= 0.619 af,  Depth= 4.23"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

1.198 98 Paved parking, HSG D
0.559 80 >75% Grass cover, Good, HSG D

1.757 92 Weighted Average
0.559 31.82% Pervious Area
1.198 68.18% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 8S: East Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=1.757 ac

Runoff Volume=0.619 af

Runoff Depth=4.23"

Tc=6.0 min

CN=92

12.09 cfs
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Summary for Subcatchment 9S: Southwest Drainage Area

Runoff = 8.42 cfs @ 11.97 hrs,  Volume= 0.427 af,  Depth= 4.12"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.746 98 Paved parking, HSG D
0.497 80 >75% Grass cover, Good, HSG D

1.243 91 Weighted Average
0.497 39.98% Pervious Area
0.746 60.02% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 9S: Southwest Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=1.243 ac

Runoff Volume=0.427 af

Runoff Depth=4.12"

Tc=6.0 min

CN=91

8.42 cfs
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Summary for Subcatchment 10S: South Drainage Area

Runoff = 1.00 cfs @ 12.03 hrs,  Volume= 0.058 af,  Depth= 3.50"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Type II 24-hr  100-YR Rainfall=5.14"

Area (ac) CN Description

0.150 80 >75% Grass cover, Good, HSG D
0.050 98 Paved parking, HSG D

0.200 85 Weighted Average
0.150 75.00% Pervious Area
0.050 25.00% Impervious Area

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

11.4 74 0.0310 0.11 Sheet Flow, 
Grass: Dense   n= 0.240   P2= 2.19"

Subcatchment 10S: South Drainage Area

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr

100-YR Rainfall=5.14"

Runoff Area=0.200 ac

Runoff Volume=0.058 af

Runoff Depth=3.50"

Flow Length=74'

Slope=0.0310 '/'

Tc=11.4 min

CN=85

1.00 cfs
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Summary for Pond 1P: Discharge from North Drainage Area

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 1.626 ac, 0.00% Impervious,  Inflow Depth = 2.83"    for  100-YR event
Inflow = 3.69 cfs @ 12.28 hrs,  Volume= 0.384 af
Primary = 3.69 cfs @ 12.28 hrs,  Volume= 0.384 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 1P: Discharge from North Drainage Area

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=1.626 ac

3.69 cfs3.69 cfs
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Summary for Pond 2P: Northeast Bioretention Basin

Inflow Area = 0.448 ac, 68.30% Impervious,  Inflow Depth = 4.23"    for  100-YR event
Inflow = 3.08 cfs @ 11.97 hrs,  Volume= 0.158 af
Outflow = 2.99 cfs @ 11.99 hrs,  Volume= 0.145 af,  Atten= 3%,  Lag= 1.1 min
Primary = 2.99 cfs @ 11.99 hrs,  Volume= 0.145 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.74' @ 11.99 hrs   Surf.Area= 1,484 sf   Storage= 935 cf

Plug-Flow detention time= 80.2 min calculated for 0.145 af (92% of inflow)
Center-of-Mass det. time= 35.6 min ( 814.1 - 778.5 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 2,312 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 1,070 133.0 0 0 1,070
712.00 1,649 158.0 1,349 1,349 1,667
712.50 2,218 180.0 963 2,312 2,265

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 170.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 40.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 1,070 sf   

Primary OutFlow  Max=2.98 cfs @ 11.99 hrs  HW=711.74'   (Free Discharge)
1=Culvert  (Passes 2.98 cfs of 3.69 cfs potential flow)

2=Orifice/Grate  (Weir Controls 2.98 cfs @ 1.59 fps)
3=Underdrain  (Passes 0.00 cfs of 2.34 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 2P: Northeast Bioretention Basin

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.448 ac

Peak Elev=711.74'

Storage=935 cf

3.08 cfs
2.99 cfs
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Summary for Pond 3P: Northwest Bioretention Basin

Inflow Area = 0.227 ac, 58.59% Impervious,  Inflow Depth = 4.12"    for  100-YR event
Inflow = 1.54 cfs @ 11.97 hrs,  Volume= 0.078 af
Outflow = 1.51 cfs @ 11.98 hrs,  Volume= 0.072 af,  Atten= 2%,  Lag= 0.8 min
Primary = 1.51 cfs @ 11.98 hrs,  Volume= 0.072 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 712.15' @ 11.98 hrs   Surf.Area= 843 sf   Storage= 428 cf

Plug-Flow detention time= 81.6 min calculated for 0.072 af (92% of inflow)
Center-of-Mass det. time= 37.5 min ( 820.2 - 782.6 )

Volume Invert Avail.Storage Storage Description

#1 711.50' 1,373 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.50 487 131.0 0 0 487
712.00 759 144.0 309 309 780
713.00 1,402 171.0 1,064 1,373 1,475

Device Routing     Invert Outlet Devices

#1 Primary 708.75' 12.0"  Round Culvert   
L= 46.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.75' / 708.25'   S= 0.0109 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 712.00' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.75' 8.0"  Round Underdrain   
L= 51.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.75' / 708.75'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.50' 0.250 in/hr Exfiltration over Surface area above 711.50'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 487 sf   

Primary OutFlow  Max=1.51 cfs @ 11.98 hrs  HW=712.15'   (Free Discharge)
1=Culvert  (Passes 1.51 cfs of 5.08 cfs potential flow)

2=Orifice/Grate  (Weir Controls 1.51 cfs @ 1.26 fps)
3=Underdrain  (Passes 0.00 cfs of 2.15 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 3P: Northwest Bioretention Basin
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Inflow Area=0.227 ac

Peak Elev=712.15'

Storage=428 cf

1.54 cfs
1.51 cfs
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Summary for Pond 4P: Middle Bioretention Basin

Inflow Area = 0.526 ac, 77.19% Impervious,  Inflow Depth = 4.45"    for  100-YR event
Inflow = 3.72 cfs @ 11.97 hrs,  Volume= 0.195 af
Outflow = 3.47 cfs @ 12.00 hrs,  Volume= 0.173 af,  Atten= 7%,  Lag= 1.7 min
Primary = 3.47 cfs @ 12.00 hrs,  Volume= 0.173 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.76' @ 12.00 hrs   Surf.Area= 2,621 sf   Storage= 1,667 cf

Plug-Flow detention time= 106.7 min calculated for 0.173 af (89% of inflow)
Center-of-Mass det. time= 50.2 min ( 819.4 - 769.2 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 3,947 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 1,795 362.0 0 0 1,795
712.00 2,915 400.0 2,332 2,332 4,131
712.50 3,555 418.0 1,615 3,947 5,320

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 64.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 144.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 1,795 sf   

Primary OutFlow  Max=3.46 cfs @ 12.00 hrs  HW=711.76'   (Free Discharge)
1=Culvert  (Passes 3.46 cfs of 5.05 cfs potential flow)

2=Orifice/Grate  (Weir Controls 3.45 cfs @ 1.67 fps)
3=Underdrain  (Passes 0.00 cfs of 1.52 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 4P: Middle Bioretention Basin
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Inflow Area=0.526 ac

Peak Elev=711.76'

Storage=1,667 cf

3.72 cfs

3.47 cfs
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Summary for Pond 5P: South Bioretention Basin

Inflow Area = 0.416 ac, 48.32% Impervious,  Inflow Depth = 3.91"    for  100-YR event
Inflow = 2.72 cfs @ 11.97 hrs,  Volume= 0.135 af
Outflow = 2.66 cfs @ 11.99 hrs,  Volume= 0.126 af,  Atten= 2%,  Lag= 1.0 min
Primary = 2.66 cfs @ 11.99 hrs,  Volume= 0.126 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 711.72' @ 11.99 hrs   Surf.Area= 1,193 sf   Storage= 695 cf

Plug-Flow detention time= 69.0 min calculated for 0.126 af (93% of inflow)
Center-of-Mass det. time= 29.9 min ( 820.2 - 790.2 )

Volume Invert Avail.Storage Storage Description

#1 711.00' 1,834 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

711.00 760 184.0 0 0 760
712.00 1,390 209.0 1,059 1,059 1,566
712.50 1,716 221.0 775 1,834 1,991

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 75.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 711.50' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   
Limited to weir flow at low heads   

#3 Device 1 708.25' 8.0"  Round Underdrain   
L= 66.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.35 sf   

#4 Device 3 711.00' 0.250 in/hr Exfiltration over Surface area above 711.00'   
Conductivity to Groundwater Elevation = 0.00'   
Excluded Surface area = 760 sf   

Primary OutFlow  Max=2.65 cfs @ 11.99 hrs  HW=711.72'   (Free Discharge)
1=Culvert  (Passes 2.65 cfs of 4.80 cfs potential flow)

2=Orifice/Grate  (Weir Controls 2.65 cfs @ 1.52 fps)
3=Underdrain  (Passes 0.00 cfs of 2.01 cfs potential flow)

4=Exfiltration  ( Controls 0.00 cfs)
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Pond 5P: South Bioretention Basin
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Inflow Area=0.416 ac

Peak Elev=711.72'

Storage=695 cf

2.72 cfs
2.66 cfs
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Summary for Pond 6P: Dry Detention Basin

[79] Warning: Submerged Pond 2P Primary device # 1 by 2.74'
[79] Warning: Submerged Pond 3P Primary device # 1 INLET by 2.24'
[79] Warning: Submerged Pond 4P Primary device # 1 by 2.74'
[79] Warning: Submerged Pond 5P Primary device # 1 by 2.74'

Inflow Area = 5.343 ac, 65.77% Impervious,  Inflow Depth > 4.09"    for  100-YR event
Inflow = 35.91 cfs @ 11.97 hrs,  Volume= 1.821 af
Outflow = 15.24 cfs @ 12.08 hrs,  Volume= 1.768 af,  Atten= 58%,  Lag= 6.4 min
Primary = 1.74 cfs @ 12.08 hrs,  Volume= 1.332 af
Secondary = 13.50 cfs @ 12.08 hrs,  Volume= 0.436 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 710.99' @ 12.08 hrs   Surf.Area= 14,511 sf   Storage= 35,290 cf

Plug-Flow detention time= 186.9 min calculated for 1.768 af (97% of inflow)
Center-of-Mass det. time= 168.6 min ( 958.4 - 789.8 )

Volume Invert Avail.Storage Storage Description

#1 708.25' 48,387 cf Dry Detention Basin (Irregular) Listed below (Recalc)
#2 708.25' 939 cf 12.0"  Round 12" Diameter Pipe Storage

L= 1,195.0'
#3 708.25' 1,582 cf 18.0"  Round 18" Diameter Pipe Storage

L= 895.0'

50,907 cf Total Available Storage

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

708.25 9,511 421.0 0 0 9,511
709.00 10,804 440.0 7,613 7,613 10,852
710.00 12,614 465.0 11,697 19,310 12,709
711.00 14,524 490.0 13,558 32,868 14,668
712.00 16,535 515.0 15,519 48,387 16,729

Device Routing     Invert Outlet Devices

#1 Primary 708.25' 12.0"  Round Culvert   
L= 20.0'   CPP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 708.25' / 708.25'   S= 0.0000 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

#2 Device 1 708.25' 6.5" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Secondary 710.35' 24.0" x 24.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=1.74 cfs @ 12.08 hrs  HW=710.99'   (Free Discharge)
1=Culvert  (Passes 1.74 cfs of 4.47 cfs potential flow)

2=Orifice/Grate  (Orifice Controls 1.74 cfs @ 7.57 fps)

Secondary OutFlow  Max=13.49 cfs @ 12.08 hrs  HW=710.99'   (Free Discharge)
3=Orifice/Grate  (Weir Controls 13.49 cfs @ 2.62 fps)
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Pond 6P: Dry Detention Basin
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Summary for Pond 7P: Discharge to 12-inch Culvert

[79] Warning: Submerged Pond 6P Primary device # 1 by 1.80'

Inflow Area = 6.586 ac, 64.68% Impervious,  Inflow Depth > 3.20"    for  100-YR event
Inflow = 9.99 cfs @ 11.97 hrs,  Volume= 1.759 af
Outflow = 9.15 cfs @ 12.01 hrs,  Volume= 1.759 af,  Atten= 8%,  Lag= 2.1 min
Primary = 4.37 cfs @ 12.01 hrs,  Volume= 1.728 af
Secondary = 4.77 cfs @ 12.01 hrs,  Volume= 0.031 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs
Peak Elev= 710.05' @ 12.01 hrs   Surf.Area= 5,854 sf   Storage= 3,000 cf

Plug-Flow detention time= 1.8 min calculated for 1.758 af (100% of inflow)
Center-of-Mass det. time= 1.8 min ( 971.8 - 970.0 )

Volume Invert Avail.Storage Storage Description

#1 708.21' 4,370 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

708.21 0 0.0 0 0 0
709.00 560 269.0 147 147 5,759
710.00 5,437 618.0 2,581 2,728 30,398
710.25 7,765 634.0 1,642 4,370 31,999

Device Routing     Invert Outlet Devices

#1 Primary 708.21' 12.0" Vert. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Secondary 710.00' 180.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   

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

Primary OutFlow  Max=4.37 cfs @ 12.01 hrs  HW=710.05'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 4.37 cfs @ 5.57 fps)

Secondary OutFlow  Max=4.70 cfs @ 12.01 hrs  HW=710.05'   (Free Discharge)
2=Broad-Crested Rectangular Weir  (Weir Controls 4.70 cfs @ 0.55 fps)
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Pond 7P: Discharge to 12-inch Culvert
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Summary for Pond 8P: Discharge to West Property

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 8.212 ac, 51.88% Impervious,  Inflow Depth > 3.77"    for  100-YR event
Inflow = 21.80 cfs @ 12.05 hrs,  Volume= 2.578 af
Primary = 21.80 cfs @ 12.05 hrs,  Volume= 2.578 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 8P: Discharge to West Property
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Summary for Pond 9P: Discharge to Seneca Street Drainage System

[40] Hint: Not Described (Outflow=Inflow)

Inflow Area = 0.200 ac, 25.00% Impervious,  Inflow Depth = 3.50"    for  100-YR event
Inflow = 1.00 cfs @ 12.03 hrs,  Volume= 0.058 af
Primary = 1.00 cfs @ 12.03 hrs,  Volume= 0.058 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.01 hrs

Pond 9P: Discharge to Seneca Street Drainage System
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Summary for Pond 10P: Permanent Pool

[43] Hint: Has no inflow (Outflow=Zero)

Volume Invert Avail.Storage Storage Description

#1 702.00' 16,601 cf Custom Stage Data (Irregular) Listed below (Recalc)

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

702.00 1,398 157.0 0 0 1,398
703.00 1,732 170.0 1,562 1,562 1,774
704.00 2,082 182.0 1,904 3,466 2,153
705.00 2,468 196.0 2,272 5,739 2,615
706.00 2,870 208.0 2,666 8,405 3,050
707.00 3,286 220.0 3,076 11,481 3,512
708.00 3,754 233.0 3,517 14,998 4,032
708.25 9,511 421.0 1,603 16,601 13,817
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STANDARD AND SPECIFICATIONS FOR 
ROCK OUTLET PROTECTION 

Definition & Scope 
 
A  permanent section of rock protection placed at the outlet 
end of the culverts, conduits, or channels to reduce the 
depth, velocity, and energy of water, such that the flow will 
not erode the receiving downstream reach. 
 
Conditions Where Practice Applies 
 
This practice applies where discharge velocities and ener-
gies at the outlets of culverts, conduits, or channels are suf-
ficient to erode the next downstream reach.  This applies to: 
 
1. Culvert outlets of all types. 

2. Pipe conduits from all sediment basins, dry storm water 
ponds, and permanent type ponds. 

3. New channels constructed as outlets for culverts and 
conduits. 

Design Criteria 
 

The design of rock outlet protection depends entirely on the 
location.  Pipe outlet at the top of cuts or on slopes steeper 
than 10 percent, cannot be protected by rock aprons or 
riprap sections due to re-concentration of flows and high 
velocities encountered after the flow leaves the apron. 
 
Many counties and state agencies have regulations and de-
sign procedures already established for dimensions, type 
and size of materials, and locations where outlet protection 
is required.  Where these requirements exist, they shall be 
followed. 
 
Tailwater Depth 
 
The depth of tailwater immediately below the pipe outlet 

must be determined for the design capacity of the pipe.  If 
the tailwater depth is less than half the diameter of the out-
let pipe, and the receiving stream is wide enough to accept 
divergence of the flow, it shall be classified as a Minimum 
Tailwater Condition; see Figure 3.16 on page 3.42 as an 
example.  If the tailwater depth is greater than half the pipe 
diameter and the receiving stream will continue to confine 
the flow, it shall be classified as a Maximum Tailwater 
Condition; see Figure 3.17 on page 3.43 as an example.  
Pipes which outlet onto flat areas with no defined channel 
may be assumed to have a Minimum Tailwater Condition; 
see Figure 3.16 on page 3.42 as an example. 

 
Apron Size 
 
The apron length and width shall be determined from the 
curves according to the tailwater conditions: 
 
Minimum Tailwater – Use Figure 3.16 on page 3.42 
Maximum Tailwater – Use Figure 3.17 on page 3.43 
 
If the pipe discharges directly into a well defined channel, 
the apron shall extend across the channel bottom and up the 
channel banks to an elevation one foot above the maximum 
tailwater depth or to the top of the bank, whichever is less. 
 
The upstream end of the apron, adjacent to the pipe, shall 
have a width two (2) times the diameter of the outlet pipe, 
or conform to pipe end section if used. 
 
Bottom Grade 
 
The outlet protection apron shall be constructed with no 
slope along its length.  There shall be no overfall at the end 
of the apron.  The elevation of the downstream end of the 
apron shall be equal to the elevation of the receiving chan-
nel or adjacent ground. 
 
Alignment 
 
The outlet protection apron shall be located so that there are 
no bends in the horizontal alignment. 
 
Materials 
 
The outlet protection may be done using rock riprap, grout-
ed riprap, or gabions.  Outlets constructed on the bank of a 
stream or wetland shall not use grouted rip-rap, gabions or 
concrete. 
 
Riprap shall be composed of a well-graded mixture of rock 
size so that 50 percent of the pieces, by weight, shall be 
larger than the d50 size determined by using the charts.  A 
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well-graded mixture, as used herein, is defined as a mixture 
composed primarily of larger rock sizes, but with a suffi-
cient mixture of other sizes to fill the smaller voids between 
the rocks.  The diameter of the largest rock size in such a 
mixture shall be 1.5 times the d50 size. 
 
Thickness 

 
The minimum thickness of the riprap layer shall be 1.5 
times the maximum rock diameter for d50 of 15 inches or 
less; and 1.2 times the maximum rock size for d50 greater 
than 15 inches.  The following chart lists some examples: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Rock Quality 
 
Rock for riprap shall consist of field rock or rough unhewn 
quarry rock.  The rock shall be hard and angular and of a 
quality that will not disintegrate on exposure to water or 
weathering.  The specific gravity of the individual rocks 
shall be at least 2.5. 
 
Filter 
 
A filter is a layer of material placed between the riprap and 
the underlying soil surface to prevent soil movement into 
and through the riprap.  Riprap shall have a filter placed 
under it in all cases. 
 
A filter can be of two general forms:  a gravel layer or a 
plastic filter cloth.  The plastic filter cloth can be woven or 
non-woven monofilament yarns, and shall meet these base 
requirements: thickness 20-60 mils, grab strength 90-120 
lbs; and shall conform to ASTM D-1777 and ASTM D-
1682. 
 
Gravel filter blanket, when used, shall be designed by com-
paring particle sizes of the overlying material and the base 
material.  Design criteria are available in Standard and 
Specification for Anchored Slope and Channel Stabilization 
on page 4.7. 

Gabions 
 
Gabions shall be made of hexagonal triple twist mesh with 
heavily galvanized steel wire.  The maximum linear dimen-
sion of the mesh opening shall not exceed 4 ½ inches and 
the area of the mesh opening shall not exceed 10 square 
inches. 
 
Gabions shall be fabricated in such a manner that the sides, 
ends, and lid can be assembled at the construction site into a 
rectangular basket of the specified sizes.  Gabions shall be 
of single unit construction and shall be installed according 
to manufacturer’s recommendations. 
 
The area on which the gabion is to be installed shall be 
graded as shown on the drawings.  Foundation conditions 
shall be the same as for placing rock riprap, and filter cloth 
shall be placed under all gabions.  Where necessary, key, or 
tie, the structure into the bank to prevent undermining of the 
main gabion structure. 
 
Maintenance 
 
Once a riprap outlet has been installed, the maintenance 
needs are very low.  It should be inspected after high flows 
for evidence of scour beneath the riprap or for dislodged 
rocks.  Repairs should be made immediately. 
 
Design Procedure 
 
1. Investigate the downstream channel to assure that 

nonerosive velocities can be maintained. 

2. Determine the tailwater condition at the outlet to estab-
lish which curve to use. 

3. Use the appropriate chart with the design discharge to 
determine the riprap size and apron length required.  It 
is noted that references to pipe diameters in the charts 
are based on full flow.  For other than full pipe flow, 
the parameters of depth of flow and velocity must be 
used to adjust the design discharges. 

4. Calculate apron width at the downstream end if a flare 
section is to be employed. 

Design Examples are demonstrated in Appendix B. 
 
Construction Specifications 
 
1. The subgrade for the filter, riprap, or gabion shall be 

prepared to the required lines and grades.  Any fill re-
quired in the subgrade shall be compacted to a density 
of approximately that of the surrounding undisturbed 
material. 

2. The rock or gravel shall conform to the specified grad-

D50 
(inches) 

dmax 
(inches) 

Minimum 
Blanket Thick-

ness (inches) 

4 6 9 

6 9 14 

9 14 20 

12 18 27 

15 22 32 

18 27 32 

21 32 38 

24 36 43 
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ing limits when installed respectively in the riprap or 
filter. 

3. Filter cloth shall be protected from punching, cutting, 
or tearing.  Any damage other than an occasional small 
hole shall be repaired by placing another piece of cloth  
over the damaged part or by completely replacing the 
cloth.  All overlaps, whether for repairs or for joining 
two pieces of cloth shall be a minimum of one foot. 

4. Rock for the riprap or gabion outlets may be placed by 
equipment.  Both shall each be constructed to the full 
course thickness in one operation and in such a manner 
as to avoid displacement of underlying materials.  The 
rock for riprap or gabion outlets shall be delivered and 
placed in a manner that will ensure that it is reasonably 
homogenous with the smaller rocks and spalls filling 
the voids between the larger rocks.  Riprap shall be 
placed in a manner to prevent damage to the filter blan-
ket or filter cloth.  Hand placement will be required to 
the extent necessary to prevent damage to the perma-
nent works. 
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Figure 3.16 
Outlet Protection Design—Minimum Tailwater Condition Chart 

(Design of Outlet Protection from a Round Pipe Flowing Full, 
Minimum Tailwater Condition: Tw < 0.5Do) (USDA - NRCS) 
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Figure 3.17 
Outlet Protection Design—Maximum Tailwater Condition Chart 

(Design of Outlet Protection from a Round Pipe Flowing Full, 
Maximum Tailwater Condition: Tw ≥ 0.5Do) (USDA - NRCS) 
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Figure 3.18 
Riprap Outlet Protection Detail (1) 



New York State Standards and Specifications      Page 3.45                                                        July 2016 
For Erosion and Sediment Control 

Figure 3.19 
Riprap Outlet Protection Detail (2) 
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Figure 3.20 
Riprap Outlet Protection Detail (3) 
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Hydrologic Soil Group

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

Ca Canadice silt loam D 2.3 32.8%

CfB Cayuga silt loam, 3 to 8 
percent slopes

D 0.2 2.4%

CoA Churchville silt loam, 0 
to 3 percent slopes

C/D 1.8 25.3%

RgA Rhinebeck silt loam, 0 to 
3 percent slopes

C/D 2.8 39.5%

Totals for Area of Interest 7.0 100.0%

Description

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

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

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

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

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

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

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

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher
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SANITARY SEWER CALCULATIONS 
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WATER CALCULATIONS 
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FEMA FIRM MAP 
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