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Hydrologic Analysis  

Comprehensive Permit Development 

Wellesley Park, LLC 

148 Weston Road, Wellesley, Massachusetts 
 

Project Summary 

The project proponent Wellesley Park, LLC, proposes to redevelop a 0.83-acre parcel of land 

located at 148 Weston Road in Wellesley, Massachusetts.  The proposed redevelopment is being 

permitted under MGL Ch. 40B Comprehensive Permit and will consist of 55 multi-family 

residential units. The proposed development will involve the construction of a five (5) story plus 

one (1) basement level parking building, sidewalks, outdoor patio, retaining wall, access drive, 

stormwater management systems, utilities and other related infrastructure. 

The project is comprised of one (1) parcel which is shown as Parcel ID 149-4 on the Town of 

Wellesley Assessor’s Map. The site is bounded by Weston Road to the northeast, developed 

residential property to the southeast and municipal property owned by the Town of Wellesley 

to the north and west as shown on Figure 1 - USGS Locus Map. 

The project will access the existing utility infrastructure located on Weston Road, including 

sanitary sewer, water, gas, electric, telephone, and cable television.  The stormwater 

management system will be designed to fully comply with all standards of the Department of 

Environment Protection’s Stormwater Management Regulations and will utilize an on-site 

subsurface infiltration system for stormwater storage and treatment. 

The existing and proposed site conditions are illustrated on the project site plans entitled 

“Proposed Comprehensive Permit Development, 148 Weston Road”, prepared by McKenzie 

Engineering Group, Inc. dated February 15, 2018. 

This report contains stormwater runoff calculations for the pre-development and post-

development conditions and includes the sizing of the proposed low impact drainage system 

and stormwater best management practices (BMPs).  All stormwater management facilities will 

be designed to mitigate peak rates of runoff, provide renovation of stormwater and meet the 

requirements of the DEP’s Stormwater Management Regulations. 

Pre-Development Condition 

The property is located within the Single Residence 15 (SR15) Zoning District. The majority of the 

0.83 acre-parcel is vacant as the single family home was recently razed.  

The existing topography generally ranges in elevation from approximately 159 ft. (Wellesley 

Vertical Datum) in the northeast portion of the site to an elevation of approximately 146 ft. 

(Wellesley Vertical Datum) in the southeast portion of the site.  The parcel slopes from the 

northeast and southeast property lines, towards a depression in the middle of the site. 

Review of available environmental databases such as MassGIS reveals that the site is not located 

within a mapped Natural Heritage Endangered Species Area, FEMA Flood Insurance Rate Map 

Panel No. 25021C0016E (refer to Figure 2 - FEMA Flood Map), or a Contributing Watershed to 

Outstanding Resource Water (ORW).   
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The site is located within Wellesley College’s Zone II Wellhead Protection Area, (refer to Figure 4 

- Wellhead Protection Area Map) and the Town of Wellesley’s Water Supply Protection District, 

(refer to Figure 5 - Wellesley Zoning Map).  

The Natural Resources Conservation Service (NRCS) has identified the soil on the site as 254B, 

Merrimac Fine Sandy Loam, 3 to 8% slopes with hydrologic soil group (HSG) A, and 630C, 

Charlton-Hollis-Urban land complex, 3 to 15% slopes with hydrologic soil group (HSG) A. Refer to 

Figure 3 - NRCS Soils Map.  Soil testing conducted by McKenzie Engineering Group, Inc. (MEG) on 

January 31, 2018 identified the soils to be sand, sandy loam and loamy sand. Refer to the soil 

logs in Appendix C.  

The existing watershed analyzed in this report is comprised of approximately 2.60 acres which 

includes the subject parcel and a portion of offsite tributary areas to the northwest. The 

watershed consists of one (1) sub-catchment area (1S) and one (1) Design Point (DP-1). Refer to 

the Pre-Development Watershed Plan WS-1 in Appendix A for a delineation of drainage 

subcatchments for the pre-development design condition. 

The SCS Technical Release 20 (TR-20) and Technical Release 55 (TR-55) method based program 

“HydroCAD” was employed to develop pre- and post-development peak flows. Drainage 

calculations were prepared for the pre-development condition for the 2, 10, 25 and 100-year, 

Type III storm events.  Refer to Appendix A for computer results, soil characteristics, cover 

descriptions and times of concentrations for all subareas. 

The peak rates of runoff and elevations for this condition are as follows: 

 

Table 1 – Pre-Development Results 

  Design Storm (flow in cfs) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

DP-1 0.00 0.03 0.10 0.51 

 

  Design Storm (volume in ac-ft) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

DP-1 0.00 0.020 0.05 0.116 

 

Post-Development Condition 

148 Weston Road residences is proposed as a 55-unit redevelopment to be permitted in 

accordance with Massachusetts General Laws 40B § 20-23. The project consists of the 

construction of a five (5) story plus one (1) basement level parking building, sidewalks, outdoor 

patio, retaining wall, access drive, stormwater management systems, utilities and other related 

infrastructure. 

The project will access the existing utility infrastructure located on Weston Road, including 

sanitary sewer, water, gas, electric, telephone, and cable television. The stormwater 

management system will be designed to fully comply with all standards of the Department of 
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Environment Protection’s Stormwater Management Regulations and will utilize an on-site 

subsurface infiltration system for stormwater storage and treatment. 

Watershed areas were analyzed in the post-development condition to design low impact 

stormwater management facilities to mitigate impacts resulting from redeveloping the property.  

The objective in designing the proposed drainage facilities for the project was to maintain 

existing drainage patterns to the extent practicable and to ensure that the post-development 

rates of runoff are less than pre-development rates at the design point.  Refer to the Post-

Development Watershed Plan WS-2 in Appendix B for a delineation of post-development 

drainage subareas.  The design point for the post-development design conditions correspond to 

those analyzed for the pre-development design condition. 

The subsurface infiltration chamber system was designed to accommodate peak flow generated 

by all storms up to the 100-year storm event.  Refer to site plans for the drainage system design.  

All BMPs shall be supported by a comprehensive Construction Phase Pollution Prevention and 

Erosion Control Plan and Post-Development BMP Operation and Maintenance Plan. 

Parking areas will be contained within the building and will drain to oil/sediment traps prior to 

discharge into the municipal sewer system, as required.  The site will be designed to comply 

with the Stormwater Management Regulations to the extent practicable as required under 

Standards 6 and 7 for a redevelopment project. 

The peak rates of runoff and elevations for this condition are as follows: 

 

Table 2 – Post-Development Results 

  Design Storm (flow in cfs) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

Flow 
(CFS) 

DP-1 0.00 0.03 0.10 0.43 

 

  Design Storm (volume in ac-ft) 

 2-Year Storm 10-Year Storm 25-Year Storm 100-Year Storm 

Design Point 
Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

Volume 
(AC-FT) 

DP-1 0.00 0.017 0.040 0.090 
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Routing Diagram for 217-177 Pre Development (PC)
Prepared by McKenzie Engineering Group, Inc.
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Subcat Reach Pond Link



217-177 Pre Development (PC)
Prepared by McKenzie Engineering Group, Inc.
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.110 39 >75% Grass cover, Good, HSG A  (1S)

0.204 39 >75% Grass cover, Good, HSG A (offsite)  (1S)

0.018 96 Gravel surface, HSG A  (1S)

0.116 96 Gravel surface, HSG A (offsite)  (1S)

0.014 98 Paved parking, HSG A  (1S)

0.040 98 Roofs, HSG A  (1S)

0.044 98 Roofs, HSG A (offsite)  (1S)

0.648 30 Woods, Good, HSG A  (1S)

1.404 30 Woods, Good, HSG A (offsite)  (1S)

2.598 37 TOTAL AREA



217-177 Pre Development (PC)
Prepared by McKenzie Engineering Group, Inc.
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

2.598 HSG A 1S

0.000 HSG B

0.000 HSG C

0.000 HSG D

0.000 Other

2.598 TOTAL AREA



217-177 Pre Development (PC)
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.314 0.000 0.000 0.000 0.000 0.314 >75% Grass cover, Good 1S

0.134 0.000 0.000 0.000 0.000 0.134 Gravel surface 1S

0.014 0.000 0.000 0.000 0.000 0.014 Paved parking 1S

0.084 0.000 0.000 0.000 0.000 0.084 Roofs 1S

2.052 0.000 0.000 0.000 0.000 2.052 Woods, Good 1S

2.598 0.000 0.000 0.000 0.000 2.598 TOTAL AREA



Type III 24-hr  2-Year Rainfall=3.20"217-177 Pre Development (PC)
Prepared by McKenzie Engineering Group, Inc.
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=113,180 sf   3.79% Impervious   Runoff Depth=0.00"Subcatchment 1S: 1S
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.00 cfs  0.000 af

   Inflow=0.00 cfs  0.000 afReach DP-1: PROPERTY LINE
   Outflow=0.00 cfs  0.000 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.000 af   Average Runoff Depth = 0.00"
96.21% Pervious = 2.500 ac     3.79% Impervious = 0.099 ac



Type III 24-hr  2-Year Rainfall=3.20"217-177 Pre Development (PC)
Prepared by McKenzie Engineering Group, Inc.
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Summary for Subcatchment 1S: 1S

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

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

780 96 Gravel surface, HSG A
1,742 98 Roofs, HSG A

630 98 Paved parking, HSG A
4,775 39 >75% Grass cover, Good, HSG A

28,243 30 Woods, Good, HSG A

113,180 37 Weighted Average
108,889 96.21% Pervious Area

4,291 3.79% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total
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Subcatchment 1S: 1S

Runoff
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Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=113,180 sf

Runoff Volume=0.000 af

Runoff Depth=0.00"

Flow Length=557'

Tc=17.2 min

CN=37

0.00 cfs
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Summary for Reach DP-1: PROPERTY LINE

Inflow Area = 2.598 ac, 3.79% Impervious,  Inflow Depth = 0.00"    for  2-Year event
Inflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: PROPERTY LINE

Inflow
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Hydrograph
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Inflow Area=2.598 ac
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=113,180 sf   3.79% Impervious   Runoff Depth=0.09"Subcatchment 1S: 1S
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.03 cfs  0.020 af

   Inflow=0.03 cfs  0.020 afReach DP-1: PROPERTY LINE
   Outflow=0.03 cfs  0.020 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.020 af   Average Runoff Depth = 0.09"
96.21% Pervious = 2.500 ac     3.79% Impervious = 0.099 ac
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Summary for Subcatchment 1S: 1S

Runoff = 0.03 cfs @ 15.13 hrs,  Volume= 0.020 af,  Depth= 0.09"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

780 96 Gravel surface, HSG A
1,742 98 Roofs, HSG A

630 98 Paved parking, HSG A
4,775 39 >75% Grass cover, Good, HSG A

28,243 30 Woods, Good, HSG A

113,180 37 Weighted Average
108,889 96.21% Pervious Area

4,291 3.79% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total
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Subcatchment 1S: 1S
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=113,180 sf

Runoff Volume=0.020 af

Runoff Depth=0.09"

Flow Length=557'

Tc=17.2 min

CN=37

0.03 cfs
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Summary for Reach DP-1: PROPERTY LINE

Inflow Area = 2.598 ac, 3.79% Impervious,  Inflow Depth = 0.09"    for  10-Year event
Inflow = 0.03 cfs @ 15.13 hrs,  Volume= 0.020 af
Outflow = 0.03 cfs @ 15.13 hrs,  Volume= 0.020 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: PROPERTY LINE
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=113,180 sf   3.79% Impervious   Runoff Depth=0.23"Subcatchment 1S: 1S
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.10 cfs  0.050 af

   Inflow=0.10 cfs  0.050 afReach DP-1: PROPERTY LINE
   Outflow=0.10 cfs  0.050 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.050 af   Average Runoff Depth = 0.23"
96.21% Pervious = 2.500 ac     3.79% Impervious = 0.099 ac
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Summary for Subcatchment 1S: 1S

Runoff = 0.10 cfs @ 12.67 hrs,  Volume= 0.050 af,  Depth= 0.23"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

780 96 Gravel surface, HSG A
1,742 98 Roofs, HSG A

630 98 Paved parking, HSG A
4,775 39 >75% Grass cover, Good, HSG A

28,243 30 Woods, Good, HSG A

113,180 37 Weighted Average
108,889 96.21% Pervious Area

4,291 3.79% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total
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Subcatchment 1S: 1S
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=113,180 sf

Runoff Volume=0.050 af

Runoff Depth=0.23"

Flow Length=557'

Tc=17.2 min

CN=37

0.10 cfs
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Summary for Reach DP-1: PROPERTY LINE

Inflow Area = 2.598 ac, 3.79% Impervious,  Inflow Depth = 0.23"    for  25-Year event
Inflow = 0.10 cfs @ 12.67 hrs,  Volume= 0.050 af
Outflow = 0.10 cfs @ 12.67 hrs,  Volume= 0.050 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: PROPERTY LINE
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=113,180 sf   3.79% Impervious   Runoff Depth=0.53"Subcatchment 1S: 1S
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.51 cfs  0.116 af

   Inflow=0.51 cfs  0.116 afReach DP-1: PROPERTY LINE
   Outflow=0.51 cfs  0.116 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.116 af   Average Runoff Depth = 0.53"
96.21% Pervious = 2.500 ac     3.79% Impervious = 0.099 ac
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Summary for Subcatchment 1S: 1S

Runoff = 0.51 cfs @ 12.50 hrs,  Volume= 0.116 af,  Depth= 0.53"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

780 96 Gravel surface, HSG A
1,742 98 Roofs, HSG A

630 98 Paved parking, HSG A
4,775 39 >75% Grass cover, Good, HSG A

28,243 30 Woods, Good, HSG A

113,180 37 Weighted Average
108,889 96.21% Pervious Area

4,291 3.79% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total
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Subcatchment 1S: 1S
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=113,180 sf

Runoff Volume=0.116 af

Runoff Depth=0.53"

Flow Length=557'

Tc=17.2 min

CN=37

0.51 cfs
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Summary for Reach DP-1: PROPERTY LINE

Inflow Area = 2.598 ac, 3.79% Impervious,  Inflow Depth = 0.53"    for  100-Year event
Inflow = 0.51 cfs @ 12.50 hrs,  Volume= 0.116 af
Outflow = 0.51 cfs @ 12.50 hrs,  Volume= 0.116 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: PROPERTY LINE

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

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

Inflow Area=2.598 ac
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Routing Diagram for 217-177 Post Development Final (PC)
Prepared by McKenzie Engineering Group, Inc.
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

0.274 39 >75% Grass cover, Good, HSG A  (1S, 2S, 4S, 5S)

0.204 39 >75% Grass cover, Good, HSG A (offsite)  (1S)

0.116 96 Gravel surface, HSG A (offsite)  (1S)

0.209 98 Paved parking, HSG A  (4S, 5S)

0.041 64 Permeable pavers, HSG A  (2S)

0.028 65 Permeable pavers, HSG A  (5S)

0.044 98 Roofs, HSG A (offsite)  (1S)

0.007 98 Unconnected pavement, HSG A  (5S)

0.272 98 Unconnected roofs, HSG A  (2S, 3S)

1.404 30 Woods, Good, HSG A (offsite)  (1S)

2.598 49 TOTAL AREA
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

2.598 HSG A 1S, 2S, 3S, 4S, 5S

0.000 HSG B

0.000 HSG C

0.000 HSG D

0.000 Other

2.598 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.478 0.000 0.000 0.000 0.000 0.478 >75% Grass cover, Good 1S, 2S, 

4S, 5S

0.116 0.000 0.000 0.000 0.000 0.116 Gravel surface 1S

0.209 0.000 0.000 0.000 0.000 0.209 Paved parking 4S, 5S

0.068 0.000 0.000 0.000 0.000 0.068 Permeable pavers 2S, 5S

0.044 0.000 0.000 0.000 0.000 0.044 Roofs 1S

0.007 0.000 0.000 0.000 0.000 0.007 Unconnected pavement 5S

0.272 0.000 0.000 0.000 0.000 0.272 Unconnected roofs 2S, 3S

1.404 0.000 0.000 0.000 0.000 1.404 Woods, Good 1S

2.598 0.000 0.000 0.000 0.000 2.598 TOTAL AREA
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Pipe Listing (all nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Inside-Fill

(inches)

1 1R 147.80 146.37 287.0 0.0050 0.013 12.0 0.0 0.0
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=78,954 sf   2.43% Impervious   Runoff Depth=0.00"Subcatchment 1S: OFFSITE NORWEST
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.00 cfs  0.000 af

Runoff Area=7,566 sf   6.61% Impervious   Runoff Depth=0.07"Subcatchment 2S: SITE, YARD
   Flow Length=240'   Tc=6.6 min   UI Adjusted CN=47   Runoff=0.00 cfs  0.001 af

Runoff Area=11,328 sf   100.00% Impervious   Runoff Depth=2.97"Subcatchment 3S: ROOF
   Tc=5.0 min   CN=98   Runoff=0.81 cfs  0.064 af

Runoff Area=8,587 sf   58.68% Impervious   Runoff Depth=1.04"Subcatchment 4S: ENTRANCE
   Tc=5.0 min   CN=74   Runoff=0.23 cfs  0.017 af

Runoff Area=6,745 sf   64.88% Impervious   Runoff Depth=1.54"Subcatchment 5S: ENTRYWAY, SITE
   Tc=5.0 min   CN=82   Runoff=0.28 cfs  0.020 af

Avg. Flow Depth=0.00'   Max Vel=0.00 fps   Inflow=0.00 cfs  0.000 afReach 1R: 12" PIPE
12.0"  Round Pipe   n=0.013   L=287.0'   S=0.0050 '/'   Capacity=2.51 cfs   Outflow=0.00 cfs  0.000 af

   Inflow=0.00 cfs  0.001 afReach DP-1: DP-1
   Outflow=0.00 cfs  0.001 af

Peak Elev=151.72'  Storage=0.015 af   Inflow=1.04 cfs  0.081 afPond 1P: SUBSURFACE 1
   Outflow=0.27 cfs  0.082 af

Peak Elev=140.05'  Storage=0.003 af   Inflow=0.28 cfs  0.020 afPond 2P: SUBSURFACE 2
   Outflow=0.10 cfs  0.020 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.102 af   Average Runoff Depth = 0.47"
79.54% Pervious = 2.067 ac     20.46% Impervious = 0.532 ac
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Summary for Subcatchment 1S: OFFSITE NORWEST

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

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

1,944 39 >75% Grass cover, Good, HSG A

78,954 37 Weighted Average
77,035 97.57% Pervious Area
1,919 2.43% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total

Subcatchment 1S: OFFSITE NORWEST

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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w
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1

0

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=78,954 sf

Runoff Volume=0.000 af

Runoff Depth=0.00"

Flow Length=557'

Tc=17.2 min

CN=37

0.00 cfs
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Summary for Subcatchment 2S: SITE, YARD

Runoff = 0.00 cfs @ 14.80 hrs,  Volume= 0.001 af,  Depth= 0.07"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Adj Description

5,296 39 >75% Grass cover, Good, HSG A
* 1,770 64 Permeable pavers, HSG A

500 98 Unconnected roofs, HSG A

7,566 49 47 Weighted Average, UI Adjusted
7,066 93.39% Pervious Area

500 6.61% Impervious Area
500 100.00% Unconnected

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

5.6 50 0.0200 0.15 Sheet Flow, sheet
Grass: Short   n= 0.150   P2= 3.20"

1.0 190 0.0370 3.10 Shallow Concentrated Flow, conc.
Unpaved   Kv= 16.1 fps

6.6 240 Total

Subcatchment 2S: SITE, YARD

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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0.002

0.002

0.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.000

0.000

0.000

0.000

0

0

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=7,566 sf

Runoff Volume=0.001 af

Runoff Depth=0.07"

Flow Length=240'

Tc=6.6 min

UI Adjusted CN=47

0.00 cfs
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Summary for Subcatchment 3S: ROOF

Runoff = 0.81 cfs @ 12.07 hrs,  Volume= 0.064 af,  Depth= 2.97"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

11,328 98 Unconnected roofs, HSG A

11,328 100.00% Impervious Area
11,328 100.00% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 3S: ROOF

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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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

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=11,328 sf

Runoff Volume=0.064 af

Runoff Depth=2.97"

Tc=5.0 min

CN=98

0.81 cfs
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Summary for Subcatchment 4S: ENTRANCE

Runoff = 0.23 cfs @ 12.09 hrs,  Volume= 0.017 af,  Depth= 1.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

3,548 39 >75% Grass cover, Good, HSG A
5,039 98 Paved parking, HSG A

8,587 74 Weighted Average
3,548 41.32% Pervious Area
5,039 58.68% Impervious Area

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

5.0 Direct Entry, direct

Subcatchment 4S: ENTRANCE

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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0.25

0.24

0.23

0.22

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 III 24-hr

2-Year Rainfall=3.20"

Runoff Area=8,587 sf

Runoff Volume=0.017 af

Runoff Depth=1.04"

Tc=5.0 min

CN=74

0.23 cfs
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Summary for Subcatchment 5S: ENTRYWAY, SITE

Runoff = 0.28 cfs @ 12.08 hrs,  Volume= 0.020 af,  Depth= 1.54"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  2-Year Rainfall=3.20"

Area (sf) CN Description

* 1,209 65 Permeable pavers, HSG A
4,065 98 Paved parking, HSG A
1,160 39 >75% Grass cover, Good, HSG A

311 98 Unconnected pavement, HSG A

6,745 82 Weighted Average
2,369 35.12% Pervious Area
4,376 64.88% Impervious Area

311 7.11% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 5S: ENTRYWAY, SITE

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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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

Type III 24-hr

2-Year Rainfall=3.20"

Runoff Area=6,745 sf

Runoff Volume=0.020 af

Runoff Depth=1.54"

Tc=5.0 min

CN=82

0.28 cfs
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Summary for Reach 1R: 12" PIPE

Inflow Area = 1.813 ac, 2.43% Impervious,  Inflow Depth = 0.00"    for  2-Year event
Inflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af
Outflow = 0.00 cfs @ 0.00 hrs,  Volume= 0.000 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.00 fps,  Min. Travel Time= 0.0 min
Avg. Velocity = 0.00 fps,  Avg. Travel Time= 0.0 min

Peak Storage= 0 cf @ 0.00 hrs
Average Depth at Peak Storage= 0.00'
Bank-Full Depth= 1.00'  Flow Area= 0.8 sf,  Capacity= 2.51 cfs

12.0"  Round Pipe
n= 0.013  Corrugated PE, smooth interior
Length= 287.0'   Slope= 0.0050 '/'
Inlet Invert= 147.80',  Outlet Invert= 146.37'

Reach 1R: 12" PIPE

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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w
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1

0

Inflow Area=1.813 ac

Avg. Flow Depth=0.00'

Max Vel=0.00 fps

12.0"

Round Pipe

n=0.013

L=287.0'

S=0.0050 '/'

Capacity=2.51 cfs

0.00 cfs

0.00 cfs
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Summary for Reach DP-1: DP-1

Inflow Area = 1.986 ac, 2.80% Impervious,  Inflow Depth = 0.01"    for  2-Year event
Inflow = 0.00 cfs @ 14.80 hrs,  Volume= 0.001 af
Outflow = 0.00 cfs @ 14.80 hrs,  Volume= 0.001 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: DP-1

Inflow
Outflow

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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0.002

0.002

0.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.000

0.000

0.000

0.000

0

0

Inflow Area=1.986 ac
0.00 cfs

0.00 cfs
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Summary for Pond 1P: SUBSURFACE 1

Inflow Area = 0.457 ac, 82.18% Impervious,  Inflow Depth = 2.14"    for  2-Year event
Inflow = 1.04 cfs @ 12.07 hrs,  Volume= 0.081 af
Outflow = 0.27 cfs @ 11.90 hrs,  Volume= 0.082 af,  Atten= 74%,  Lag= 0.0 min
Discarded = 0.27 cfs @ 11.90 hrs,  Volume= 0.082 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 151.72' @ 12.45 hrs   Surf.Area= 0.032 ac   Storage= 0.015 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 11.6 min ( 789.2 - 777.6 )

Volume Invert Avail.Storage Storage Description

#1A 150.90' 0.027 af 20.83'W x 66.50'L x 3.54'H Field A
0.113 af Overall - 0.044 af Embedded = 0.069 af  x 40.0% Voids

#2A 151.40' 0.044 af Cultec R-330XLHD  x 36  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

0.072 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 150.90' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.27 cfs @ 11.90 hrs  HW=150.96'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.27 cfs)
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Pond 1P: SUBSURFACE 1 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

9 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 64.50' Row Length +12.0" End Stone x 2 = 66.50' 

Base Length

4 Rows x 52.0" Wide + 6.0" Spacing x 3 + 12.0" Side Stone x 2 = 20.83' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

36 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 4 Rows = 1,922.4 cf Chamber Storage

4,906.7 cf Field - 1,922.4 cf Chambers = 2,984.3 cf Stone x 40.0% Voids = 1,193.7 cf Stone Storage

Chamber Storage + Stone Storage = 3,116.1 cf = 0.072 af

Overall Storage Efficiency = 63.5%

Overall System Size = 66.50' x 20.83' x 3.54'

36 Chambers

181.7 cy Field

110.5 cy Stone
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Pond 1P: SUBSURFACE 1

Inflow
Discarded

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420
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Inflow Area=0.457 ac

Peak Elev=151.72'

Storage=0.015 af

1.04 cfs

0.27 cfs
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Summary for Pond 2P: SUBSURFACE 2

Inflow Area = 0.155 ac, 64.88% Impervious,  Inflow Depth = 1.54"    for  2-Year event
Inflow = 0.28 cfs @ 12.08 hrs,  Volume= 0.020 af
Outflow = 0.10 cfs @ 12.00 hrs,  Volume= 0.020 af,  Atten= 65%,  Lag= 0.0 min
Discarded = 0.10 cfs @ 12.00 hrs,  Volume= 0.020 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 140.05' @ 12.39 hrs   Surf.Area= 0.012 ac   Storage= 0.003 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 6.0 min ( 841.3 - 835.3 )

Volume Invert Avail.Storage Storage Description

#1A 139.50' 0.011 af 11.17'W x 45.50'L x 3.54'H Field A
0.041 af Overall - 0.015 af Embedded = 0.026 af  x 40.0% Voids

#2A 140.00' 0.015 af Cultec R-330XLHD  x 12  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

0.025 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 139.50' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.10 cfs @ 12.00 hrs  HW=139.55'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.10 cfs)
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Pond 2P: SUBSURFACE 2 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

6 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 43.50' Row Length +12.0" End Stone x 2 = 45.50' 

Base Length

2 Rows x 52.0" Wide + 6.0" Spacing x 1 + 12.0" Side Stone x 2 = 11.17' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

12 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 2 Rows = 648.2 cf Chamber Storage

1,799.5 cf Field - 648.2 cf Chambers = 1,151.2 cf Stone x 40.0% Voids = 460.5 cf Stone Storage

Chamber Storage + Stone Storage = 1,108.7 cf = 0.025 af

Overall Storage Efficiency = 61.6%

Overall System Size = 45.50' x 11.17' x 3.54'

12 Chambers

66.6 cy Field

42.6 cy Stone
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Pond 2P: SUBSURFACE 2

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.155 ac

Peak Elev=140.05'

Storage=0.003 af

0.28 cfs

0.10 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=78,954 sf   2.43% Impervious   Runoff Depth=0.09"Subcatchment 1S: OFFSITE NORWEST
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.02 cfs  0.014 af

Runoff Area=7,566 sf   6.61% Impervious   Runoff Depth=0.44"Subcatchment 2S: SITE, YARD
   Flow Length=240'   Tc=6.6 min   UI Adjusted CN=47   Runoff=0.03 cfs  0.006 af

Runoff Area=11,328 sf   100.00% Impervious   Runoff Depth=4.46"Subcatchment 3S: ROOF
   Tc=5.0 min   CN=98   Runoff=1.20 cfs  0.097 af

Runoff Area=8,587 sf   58.68% Impervious   Runoff Depth=2.13"Subcatchment 4S: ENTRANCE
   Tc=5.0 min   CN=74   Runoff=0.49 cfs  0.035 af

Runoff Area=6,745 sf   64.88% Impervious   Runoff Depth=2.81"Subcatchment 5S: ENTRYWAY, SITE
   Tc=5.0 min   CN=82   Runoff=0.51 cfs  0.036 af

Avg. Flow Depth=0.07'   Max Vel=0.99 fps   Inflow=0.02 cfs  0.014 afReach 1R: 12" PIPE
12.0"  Round Pipe   n=0.013   L=287.0'   S=0.0050 '/'   Capacity=2.51 cfs   Outflow=0.02 cfs  0.014 af

   Inflow=0.03 cfs  0.020 afReach DP-1: DP-1
   Outflow=0.03 cfs  0.020 af

Peak Elev=152.50'  Storage=0.035 af   Inflow=1.69 cfs  0.132 afPond 1P: SUBSURFACE 1
   Outflow=0.27 cfs  0.132 af

Peak Elev=140.76'  Storage=0.009 af   Inflow=0.51 cfs  0.036 afPond 2P: SUBSURFACE 2
   Outflow=0.10 cfs  0.036 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.188 af   Average Runoff Depth = 0.87"
79.54% Pervious = 2.067 ac     20.46% Impervious = 0.532 ac
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Summary for Subcatchment 1S: OFFSITE NORWEST

Runoff = 0.02 cfs @ 15.13 hrs,  Volume= 0.014 af,  Depth= 0.09"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

1,944 39 >75% Grass cover, Good, HSG A

78,954 37 Weighted Average
77,035 97.57% Pervious Area
1,919 2.43% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total

Subcatchment 1S: OFFSITE NORWEST

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=78,954 sf

Runoff Volume=0.014 af

Runoff Depth=0.09"

Flow Length=557'

Tc=17.2 min

CN=37

0.02 cfs
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Summary for Subcatchment 2S: SITE, YARD

Runoff = 0.03 cfs @ 12.30 hrs,  Volume= 0.006 af,  Depth= 0.44"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Adj Description

5,296 39 >75% Grass cover, Good, HSG A
* 1,770 64 Permeable pavers, HSG A

500 98 Unconnected roofs, HSG A

7,566 49 47 Weighted Average, UI Adjusted
7,066 93.39% Pervious Area

500 6.61% Impervious Area
500 100.00% Unconnected

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

5.6 50 0.0200 0.15 Sheet Flow, sheet
Grass: Short   n= 0.150   P2= 3.20"

1.0 190 0.0370 3.10 Shallow Concentrated Flow, conc.
Unpaved   Kv= 16.1 fps

6.6 240 Total

Subcatchment 2S: SITE, YARD

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=7,566 sf

Runoff Volume=0.006 af

Runoff Depth=0.44"

Flow Length=240'

Tc=6.6 min

UI Adjusted CN=47

0.03 cfs
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Summary for Subcatchment 3S: ROOF

Runoff = 1.20 cfs @ 12.07 hrs,  Volume= 0.097 af,  Depth= 4.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

11,328 98 Unconnected roofs, HSG A

11,328 100.00% Impervious Area
11,328 100.00% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 3S: ROOF

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=11,328 sf

Runoff Volume=0.097 af

Runoff Depth=4.46"

Tc=5.0 min

CN=98

1.20 cfs
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Summary for Subcatchment 4S: ENTRANCE

Runoff = 0.49 cfs @ 12.08 hrs,  Volume= 0.035 af,  Depth= 2.13"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

3,548 39 >75% Grass cover, Good, HSG A
5,039 98 Paved parking, HSG A

8,587 74 Weighted Average
3,548 41.32% Pervious Area
5,039 58.68% Impervious Area

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

5.0 Direct Entry, direct

Subcatchment 4S: ENTRANCE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=8,587 sf

Runoff Volume=0.035 af

Runoff Depth=2.13"

Tc=5.0 min

CN=74

0.49 cfs
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Summary for Subcatchment 5S: ENTRYWAY, SITE

Runoff = 0.51 cfs @ 12.08 hrs,  Volume= 0.036 af,  Depth= 2.81"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-Year Rainfall=4.70"

Area (sf) CN Description

* 1,209 65 Permeable pavers, HSG A
4,065 98 Paved parking, HSG A
1,160 39 >75% Grass cover, Good, HSG A

311 98 Unconnected pavement, HSG A

6,745 82 Weighted Average
2,369 35.12% Pervious Area
4,376 64.88% Impervious Area

311 7.11% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 5S: ENTRYWAY, SITE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

10-Year Rainfall=4.70"

Runoff Area=6,745 sf

Runoff Volume=0.036 af

Runoff Depth=2.81"

Tc=5.0 min

CN=82

0.51 cfs
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Summary for Reach 1R: 12" PIPE

Inflow Area = 1.813 ac, 2.43% Impervious,  Inflow Depth = 0.09"    for  10-Year event
Inflow = 0.02 cfs @ 15.13 hrs,  Volume= 0.014 af
Outflow = 0.02 cfs @ 15.20 hrs,  Volume= 0.014 af,  Atten= 0%,  Lag= 4.2 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.99 fps,  Min. Travel Time= 4.8 min
Avg. Velocity = 0.81 fps,  Avg. Travel Time= 5.9 min

Peak Storage= 6 cf @ 15.20 hrs
Average Depth at Peak Storage= 0.07'
Bank-Full Depth= 1.00'  Flow Area= 0.8 sf,  Capacity= 2.51 cfs

12.0"  Round Pipe
n= 0.013  Corrugated PE, smooth interior
Length= 287.0'   Slope= 0.0050 '/'
Inlet Invert= 147.80',  Outlet Invert= 146.37'

Reach 1R: 12" PIPE

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.813 ac

Avg. Flow Depth=0.07'

Max Vel=0.99 fps

12.0"

Round Pipe

n=0.013

L=287.0'

S=0.0050 '/'

Capacity=2.51 cfs

0.02 cfs

0.02 cfs
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Summary for Reach DP-1: DP-1

Inflow Area = 1.986 ac, 2.80% Impervious,  Inflow Depth = 0.12"    for  10-Year event
Inflow = 0.03 cfs @ 12.30 hrs,  Volume= 0.020 af
Outflow = 0.03 cfs @ 12.30 hrs,  Volume= 0.020 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: DP-1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.986 ac
0.03 cfs
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Summary for Pond 1P: SUBSURFACE 1

Inflow Area = 0.457 ac, 82.18% Impervious,  Inflow Depth = 3.46"    for  10-Year event
Inflow = 1.69 cfs @ 12.07 hrs,  Volume= 0.132 af
Outflow = 0.27 cfs @ 11.75 hrs,  Volume= 0.132 af,  Atten= 84%,  Lag= 0.0 min
Discarded = 0.27 cfs @ 11.75 hrs,  Volume= 0.132 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 152.50' @ 12.56 hrs   Surf.Area= 0.032 ac   Storage= 0.035 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 33.4 min ( 805.8 - 772.4 )

Volume Invert Avail.Storage Storage Description

#1A 150.90' 0.027 af 20.83'W x 66.50'L x 3.54'H Field A
0.113 af Overall - 0.044 af Embedded = 0.069 af  x 40.0% Voids

#2A 151.40' 0.044 af Cultec R-330XLHD  x 36  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

0.072 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 150.90' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.27 cfs @ 11.75 hrs  HW=150.96'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.27 cfs)
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Pond 1P: SUBSURFACE 1 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

9 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 64.50' Row Length +12.0" End Stone x 2 = 66.50' 

Base Length

4 Rows x 52.0" Wide + 6.0" Spacing x 3 + 12.0" Side Stone x 2 = 20.83' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

36 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 4 Rows = 1,922.4 cf Chamber Storage

4,906.7 cf Field - 1,922.4 cf Chambers = 2,984.3 cf Stone x 40.0% Voids = 1,193.7 cf Stone Storage

Chamber Storage + Stone Storage = 3,116.1 cf = 0.072 af

Overall Storage Efficiency = 63.5%

Overall System Size = 66.50' x 20.83' x 3.54'

36 Chambers

181.7 cy Field

110.5 cy Stone
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Pond 1P: SUBSURFACE 1

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.457 ac

Peak Elev=152.50'

Storage=0.035 af

1.69 cfs

0.27 cfs
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Summary for Pond 2P: SUBSURFACE 2

Inflow Area = 0.155 ac, 64.88% Impervious,  Inflow Depth = 2.81"    for  10-Year event
Inflow = 0.51 cfs @ 12.08 hrs,  Volume= 0.036 af
Outflow = 0.10 cfs @ 11.85 hrs,  Volume= 0.036 af,  Atten= 81%,  Lag= 0.0 min
Discarded = 0.10 cfs @ 11.85 hrs,  Volume= 0.036 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 140.76' @ 12.53 hrs   Surf.Area= 0.012 ac   Storage= 0.009 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 24.7 min ( 842.7 - 817.9 )

Volume Invert Avail.Storage Storage Description

#1A 139.50' 0.011 af 11.17'W x 45.50'L x 3.54'H Field A
0.041 af Overall - 0.015 af Embedded = 0.026 af  x 40.0% Voids

#2A 140.00' 0.015 af Cultec R-330XLHD  x 12  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

0.025 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 139.50' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.10 cfs @ 11.85 hrs  HW=139.57'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.10 cfs)
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Pond 2P: SUBSURFACE 2 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

6 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 43.50' Row Length +12.0" End Stone x 2 = 45.50' 

Base Length

2 Rows x 52.0" Wide + 6.0" Spacing x 1 + 12.0" Side Stone x 2 = 11.17' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

12 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 2 Rows = 648.2 cf Chamber Storage

1,799.5 cf Field - 648.2 cf Chambers = 1,151.2 cf Stone x 40.0% Voids = 460.5 cf Stone Storage

Chamber Storage + Stone Storage = 1,108.7 cf = 0.025 af

Overall Storage Efficiency = 61.6%

Overall System Size = 45.50' x 11.17' x 3.54'

12 Chambers

66.6 cy Field

42.6 cy Stone
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Pond 2P: SUBSURFACE 2

Inflow
Discarded

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

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

Inflow Area=0.155 ac

Peak Elev=140.76'

Storage=0.009 af

0.51 cfs

0.10 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=78,954 sf   2.43% Impervious   Runoff Depth=0.23"Subcatchment 1S: OFFSITE NORWEST
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.07 cfs  0.035 af

Runoff Area=7,566 sf   6.61% Impervious   Runoff Depth=0.73"Subcatchment 2S: SITE, YARD
   Flow Length=240'   Tc=6.6 min   UI Adjusted CN=47   Runoff=0.08 cfs  0.010 af

Runoff Area=11,328 sf   100.00% Impervious   Runoff Depth=5.26"Subcatchment 3S: ROOF
   Tc=5.0 min   CN=98   Runoff=1.41 cfs  0.114 af

Runoff Area=8,587 sf   58.68% Impervious   Runoff Depth=2.77"Subcatchment 4S: ENTRANCE
   Tc=5.0 min   CN=74   Runoff=0.64 cfs  0.045 af

Runoff Area=6,745 sf   64.88% Impervious   Runoff Depth=3.53"Subcatchment 5S: ENTRYWAY, SITE
   Tc=5.0 min   CN=82   Runoff=0.64 cfs  0.046 af

Avg. Flow Depth=0.11'   Max Vel=1.39 fps   Inflow=0.07 cfs  0.035 afReach 1R: 12" PIPE
12.0"  Round Pipe   n=0.013   L=287.0'   S=0.0050 '/'   Capacity=2.51 cfs   Outflow=0.07 cfs  0.035 af

   Inflow=0.09 cfs  0.045 afReach DP-1: DP-1
   Outflow=0.09 cfs  0.045 af

Peak Elev=152.99'  Storage=0.047 af   Inflow=2.05 cfs  0.160 afPond 1P: SUBSURFACE 1
   Outflow=0.27 cfs  0.160 af

Peak Elev=141.21'  Storage=0.013 af   Inflow=0.64 cfs  0.046 afPond 2P: SUBSURFACE 2
   Outflow=0.10 cfs  0.046 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.250 af   Average Runoff Depth = 1.16"
79.54% Pervious = 2.067 ac     20.46% Impervious = 0.532 ac
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Summary for Subcatchment 1S: OFFSITE NORWEST

Runoff = 0.07 cfs @ 12.67 hrs,  Volume= 0.035 af,  Depth= 0.23"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

1,944 39 >75% Grass cover, Good, HSG A

78,954 37 Weighted Average
77,035 97.57% Pervious Area
1,919 2.43% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total

Subcatchment 1S: OFFSITE NORWEST

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=78,954 sf

Runoff Volume=0.035 af

Runoff Depth=0.23"

Flow Length=557'

Tc=17.2 min

CN=37

0.07 cfs
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Summary for Subcatchment 2S: SITE, YARD

Runoff = 0.08 cfs @ 12.15 hrs,  Volume= 0.010 af,  Depth= 0.73"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Adj Description

5,296 39 >75% Grass cover, Good, HSG A
* 1,770 64 Permeable pavers, HSG A

500 98 Unconnected roofs, HSG A

7,566 49 47 Weighted Average, UI Adjusted
7,066 93.39% Pervious Area

500 6.61% Impervious Area
500 100.00% Unconnected

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

5.6 50 0.0200 0.15 Sheet Flow, sheet
Grass: Short   n= 0.150   P2= 3.20"

1.0 190 0.0370 3.10 Shallow Concentrated Flow, conc.
Unpaved   Kv= 16.1 fps

6.6 240 Total

Subcatchment 2S: SITE, YARD
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=7,566 sf

Runoff Volume=0.010 af

Runoff Depth=0.73"

Flow Length=240'

Tc=6.6 min

UI Adjusted CN=47

0.08 cfs
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Summary for Subcatchment 3S: ROOF

Runoff = 1.41 cfs @ 12.07 hrs,  Volume= 0.114 af,  Depth= 5.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

11,328 98 Unconnected roofs, HSG A

11,328 100.00% Impervious Area
11,328 100.00% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 3S: ROOF

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=11,328 sf

Runoff Volume=0.114 af

Runoff Depth=5.26"

Tc=5.0 min

CN=98

1.41 cfs
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Summary for Subcatchment 4S: ENTRANCE

Runoff = 0.64 cfs @ 12.08 hrs,  Volume= 0.045 af,  Depth= 2.77"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

3,548 39 >75% Grass cover, Good, HSG A
5,039 98 Paved parking, HSG A

8,587 74 Weighted Average
3,548 41.32% Pervious Area
5,039 58.68% Impervious Area

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

5.0 Direct Entry, direct

Subcatchment 4S: ENTRANCE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=8,587 sf

Runoff Volume=0.045 af

Runoff Depth=2.77"

Tc=5.0 min

CN=74

0.64 cfs
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Summary for Subcatchment 5S: ENTRYWAY, SITE

Runoff = 0.64 cfs @ 12.08 hrs,  Volume= 0.046 af,  Depth= 3.53"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  25-Year Rainfall=5.50"

Area (sf) CN Description

* 1,209 65 Permeable pavers, HSG A
4,065 98 Paved parking, HSG A
1,160 39 >75% Grass cover, Good, HSG A

311 98 Unconnected pavement, HSG A

6,745 82 Weighted Average
2,369 35.12% Pervious Area
4,376 64.88% Impervious Area

311 7.11% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 5S: ENTRYWAY, SITE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

25-Year Rainfall=5.50"

Runoff Area=6,745 sf

Runoff Volume=0.046 af

Runoff Depth=3.53"

Tc=5.0 min

CN=82

0.64 cfs
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Summary for Reach 1R: 12" PIPE

Inflow Area = 1.813 ac, 2.43% Impervious,  Inflow Depth = 0.23"    for  25-Year event
Inflow = 0.07 cfs @ 12.67 hrs,  Volume= 0.035 af
Outflow = 0.07 cfs @ 12.72 hrs,  Volume= 0.035 af,  Atten= 1%,  Lag= 3.4 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 1.39 fps,  Min. Travel Time= 3.5 min
Avg. Velocity = 1.04 fps,  Avg. Travel Time= 4.6 min

Peak Storage= 14 cf @ 12.72 hrs
Average Depth at Peak Storage= 0.11'
Bank-Full Depth= 1.00'  Flow Area= 0.8 sf,  Capacity= 2.51 cfs

12.0"  Round Pipe
n= 0.013  Corrugated PE, smooth interior
Length= 287.0'   Slope= 0.0050 '/'
Inlet Invert= 147.80',  Outlet Invert= 146.37'

Reach 1R: 12" PIPE

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.813 ac

Avg. Flow Depth=0.11'

Max Vel=1.39 fps

12.0"

Round Pipe

n=0.013

L=287.0'

S=0.0050 '/'

Capacity=2.51 cfs

0.07 cfs

0.07 cfs
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Summary for Reach DP-1: DP-1

Inflow Area = 1.986 ac, 2.80% Impervious,  Inflow Depth = 0.27"    for  25-Year event
Inflow = 0.09 cfs @ 12.70 hrs,  Volume= 0.045 af
Outflow = 0.09 cfs @ 12.70 hrs,  Volume= 0.045 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: DP-1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=1.986 ac
0.09 cfs

0.09 cfs
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Summary for Pond 1P: SUBSURFACE 1

Inflow Area = 0.457 ac, 82.18% Impervious,  Inflow Depth = 4.19"    for  25-Year event
Inflow = 2.05 cfs @ 12.07 hrs,  Volume= 0.160 af
Outflow = 0.27 cfs @ 11.70 hrs,  Volume= 0.160 af,  Atten= 87%,  Lag= 0.0 min
Discarded = 0.27 cfs @ 11.70 hrs,  Volume= 0.160 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 152.99' @ 12.62 hrs   Surf.Area= 0.032 ac   Storage= 0.047 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 48.4 min ( 818.6 - 770.2 )

Volume Invert Avail.Storage Storage Description

#1A 150.90' 0.027 af 20.83'W x 66.50'L x 3.54'H Field A
0.113 af Overall - 0.044 af Embedded = 0.069 af  x 40.0% Voids

#2A 151.40' 0.044 af Cultec R-330XLHD  x 36  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

0.072 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 150.90' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.27 cfs @ 11.70 hrs  HW=150.95'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.27 cfs)



Type III 24-hr  25-Year Rainfall=5.50"217-177 Post Development Final (PC)
Prepared by McKenzie Engineering Group, Inc.

Page 43HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Pond 1P: SUBSURFACE 1 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

9 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 64.50' Row Length +12.0" End Stone x 2 = 66.50' 

Base Length

4 Rows x 52.0" Wide + 6.0" Spacing x 3 + 12.0" Side Stone x 2 = 20.83' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

36 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 4 Rows = 1,922.4 cf Chamber Storage

4,906.7 cf Field - 1,922.4 cf Chambers = 2,984.3 cf Stone x 40.0% Voids = 1,193.7 cf Stone Storage

Chamber Storage + Stone Storage = 3,116.1 cf = 0.072 af

Overall Storage Efficiency = 63.5%

Overall System Size = 66.50' x 20.83' x 3.54'

36 Chambers

181.7 cy Field

110.5 cy Stone
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Pond 1P: SUBSURFACE 1

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.457 ac

Peak Elev=152.99'

Storage=0.047 af

2.05 cfs

0.27 cfs
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Summary for Pond 2P: SUBSURFACE 2

Inflow Area = 0.155 ac, 64.88% Impervious,  Inflow Depth = 3.53"    for  25-Year event
Inflow = 0.64 cfs @ 12.08 hrs,  Volume= 0.046 af
Outflow = 0.10 cfs @ 11.75 hrs,  Volume= 0.046 af,  Atten= 85%,  Lag= 0.0 min
Discarded = 0.10 cfs @ 11.75 hrs,  Volume= 0.046 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 141.21' @ 12.58 hrs   Surf.Area= 0.012 ac   Storage= 0.013 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 39.2 min ( 850.7 - 811.5 )

Volume Invert Avail.Storage Storage Description

#1A 139.50' 0.011 af 11.17'W x 45.50'L x 3.54'H Field A
0.041 af Overall - 0.015 af Embedded = 0.026 af  x 40.0% Voids

#2A 140.00' 0.015 af Cultec R-330XLHD  x 12  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

0.025 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 139.50' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.10 cfs @ 11.75 hrs  HW=139.54'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.10 cfs)
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Pond 2P: SUBSURFACE 2 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

6 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 43.50' Row Length +12.0" End Stone x 2 = 45.50' 

Base Length

2 Rows x 52.0" Wide + 6.0" Spacing x 1 + 12.0" Side Stone x 2 = 11.17' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

12 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 2 Rows = 648.2 cf Chamber Storage

1,799.5 cf Field - 648.2 cf Chambers = 1,151.2 cf Stone x 40.0% Voids = 460.5 cf Stone Storage

Chamber Storage + Stone Storage = 1,108.7 cf = 0.025 af

Overall Storage Efficiency = 61.6%

Overall System Size = 45.50' x 11.17' x 3.54'

12 Chambers

66.6 cy Field

42.6 cy Stone



Type III 24-hr  25-Year Rainfall=5.50"217-177 Post Development Final (PC)
Prepared by McKenzie Engineering Group, Inc.

Page 47HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Pond 2P: SUBSURFACE 2

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.155 ac

Peak Elev=141.21'

Storage=0.013 af

0.64 cfs

0.10 cfs
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Time span=0.00-48.00 hrs, dt=0.05 hrs, 961 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

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

Runoff Area=78,954 sf   2.43% Impervious   Runoff Depth=0.53"Subcatchment 1S: OFFSITE NORWEST
   Flow Length=557'   Tc=17.2 min   CN=37   Runoff=0.36 cfs  0.081 af

Runoff Area=7,566 sf   6.61% Impervious   Runoff Depth=1.26"Subcatchment 2S: SITE, YARD
   Flow Length=240'   Tc=6.6 min   UI Adjusted CN=47   Runoff=0.19 cfs  0.018 af

Runoff Area=11,328 sf   100.00% Impervious   Runoff Depth=6.46"Subcatchment 3S: ROOF
   Tc=5.0 min   CN=98   Runoff=1.72 cfs  0.140 af

Runoff Area=8,587 sf   58.68% Impervious   Runoff Depth=3.78"Subcatchment 4S: ENTRANCE
   Tc=5.0 min   CN=74   Runoff=0.87 cfs  0.062 af

Runoff Area=6,745 sf   64.88% Impervious   Runoff Depth=4.64"Subcatchment 5S: ENTRYWAY, SITE
   Tc=5.0 min   CN=82   Runoff=0.83 cfs  0.060 af

Avg. Flow Depth=0.25'   Max Vel=2.26 fps   Inflow=0.36 cfs  0.081 afReach 1R: 12" PIPE
12.0"  Round Pipe   n=0.013   L=287.0'   S=0.0050 '/'   Capacity=2.51 cfs   Outflow=0.35 cfs  0.081 af

   Inflow=0.43 cfs  0.099 afReach DP-1: DP-1
   Outflow=0.43 cfs  0.099 af

Peak Elev=154.05'  Storage=0.067 af   Inflow=2.60 cfs  0.202 afPond 1P: SUBSURFACE 1
   Outflow=0.27 cfs  0.202 af

Peak Elev=142.02'  Storage=0.020 af   Inflow=0.83 cfs  0.060 afPond 2P: SUBSURFACE 2
   Outflow=0.10 cfs  0.060 af

Total Runoff Area = 2.598 ac   Runoff Volume = 0.361 af   Average Runoff Depth = 1.67"
79.54% Pervious = 2.067 ac     20.46% Impervious = 0.532 ac
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Summary for Subcatchment 1S: OFFSITE NORWEST

Runoff = 0.36 cfs @ 12.50 hrs,  Volume= 0.081 af,  Depth= 0.53"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

* 61,141 30 Woods, Good, HSG A (offsite)
* 5,064 96 Gravel surface, HSG A (offsite)
* 8,886 39 >75% Grass cover, Good, HSG A (offsite)
* 1,919 98 Roofs, HSG A (offsite)

1,944 39 >75% Grass cover, Good, HSG A

78,954 37 Weighted Average
77,035 97.57% Pervious Area
1,919 2.43% Impervious Area

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

13.8 50 0.0150 0.06 Sheet Flow, SHEET FLOW
Woods: Light underbrush   n= 0.400   P2= 3.20"

3.4 507 0.0236 2.47 Shallow Concentrated Flow, SHALLOW CONC. FLOW
Unpaved   Kv= 16.1 fps

17.2 557 Total

Subcatchment 1S: OFFSITE NORWEST

Runoff

Hydrograph

Time  (hours)
484644424038363432302826242220181614121086420

F
lo

w
  

(c
fs

)

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

Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=78,954 sf

Runoff Volume=0.081 af

Runoff Depth=0.53"

Flow Length=557'

Tc=17.2 min

CN=37

0.36 cfs
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Summary for Subcatchment 2S: SITE, YARD

Runoff = 0.19 cfs @ 12.12 hrs,  Volume= 0.018 af,  Depth= 1.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Adj Description

5,296 39 >75% Grass cover, Good, HSG A
* 1,770 64 Permeable pavers, HSG A

500 98 Unconnected roofs, HSG A

7,566 49 47 Weighted Average, UI Adjusted
7,066 93.39% Pervious Area

500 6.61% Impervious Area
500 100.00% Unconnected

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

5.6 50 0.0200 0.15 Sheet Flow, sheet
Grass: Short   n= 0.150   P2= 3.20"

1.0 190 0.0370 3.10 Shallow Concentrated Flow, conc.
Unpaved   Kv= 16.1 fps

6.6 240 Total

Subcatchment 2S: SITE, YARD

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=7,566 sf

Runoff Volume=0.018 af

Runoff Depth=1.26"

Flow Length=240'

Tc=6.6 min

UI Adjusted CN=47

0.19 cfs
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Summary for Subcatchment 3S: ROOF

Runoff = 1.72 cfs @ 12.07 hrs,  Volume= 0.140 af,  Depth= 6.46"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

11,328 98 Unconnected roofs, HSG A

11,328 100.00% Impervious Area
11,328 100.00% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 3S: ROOF

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=11,328 sf

Runoff Volume=0.140 af

Runoff Depth=6.46"

Tc=5.0 min

CN=98

1.72 cfs
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Summary for Subcatchment 4S: ENTRANCE

Runoff = 0.87 cfs @ 12.08 hrs,  Volume= 0.062 af,  Depth= 3.78"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

3,548 39 >75% Grass cover, Good, HSG A
5,039 98 Paved parking, HSG A

8,587 74 Weighted Average
3,548 41.32% Pervious Area
5,039 58.68% Impervious Area

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

5.0 Direct Entry, direct

Subcatchment 4S: ENTRANCE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=8,587 sf

Runoff Volume=0.062 af

Runoff Depth=3.78"

Tc=5.0 min

CN=74

0.87 cfs



Type III 24-hr  100-Year Rainfall=6.70"217-177 Post Development Final (PC)
Prepared by McKenzie Engineering Group, Inc.

Page 53HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Summary for Subcatchment 5S: ENTRYWAY, SITE

Runoff = 0.83 cfs @ 12.07 hrs,  Volume= 0.060 af,  Depth= 4.64"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Type III 24-hr  100-Year Rainfall=6.70"

Area (sf) CN Description

* 1,209 65 Permeable pavers, HSG A
4,065 98 Paved parking, HSG A
1,160 39 >75% Grass cover, Good, HSG A

311 98 Unconnected pavement, HSG A

6,745 82 Weighted Average
2,369 35.12% Pervious Area
4,376 64.88% Impervious Area

311 7.11% Unconnected

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

5.0 Direct Entry, direct

Subcatchment 5S: ENTRYWAY, SITE

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr

100-Year Rainfall=6.70"

Runoff Area=6,745 sf

Runoff Volume=0.060 af

Runoff Depth=4.64"

Tc=5.0 min

CN=82

0.83 cfs
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Summary for Reach 1R: 12" PIPE

Inflow Area = 1.813 ac, 2.43% Impervious,  Inflow Depth = 0.53"    for  100-Year event
Inflow = 0.36 cfs @ 12.50 hrs,  Volume= 0.081 af
Outflow = 0.35 cfs @ 12.53 hrs,  Volume= 0.081 af,  Atten= 1%,  Lag= 1.5 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.26 fps,  Min. Travel Time= 2.1 min
Avg. Velocity = 1.29 fps,  Avg. Travel Time= 3.7 min

Peak Storage= 45 cf @ 12.53 hrs
Average Depth at Peak Storage= 0.25'
Bank-Full Depth= 1.00'  Flow Area= 0.8 sf,  Capacity= 2.51 cfs

12.0"  Round Pipe
n= 0.013  Corrugated PE, smooth interior
Length= 287.0'   Slope= 0.0050 '/'
Inlet Invert= 147.80',  Outlet Invert= 146.37'

Reach 1R: 12" PIPE
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Inflow Area=1.813 ac

Avg. Flow Depth=0.25'

Max Vel=2.26 fps

12.0"

Round Pipe

n=0.013

L=287.0'

S=0.0050 '/'

Capacity=2.51 cfs

0.36 cfs

0.35 cfs
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Summary for Reach DP-1: DP-1

Inflow Area = 1.986 ac, 2.80% Impervious,  Inflow Depth = 0.60"    for  100-Year event
Inflow = 0.43 cfs @ 12.48 hrs,  Volume= 0.099 af
Outflow = 0.43 cfs @ 12.48 hrs,  Volume= 0.099 af,  Atten= 0%,  Lag= 0.0 min

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs

Reach DP-1: DP-1
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Inflow Area=1.986 ac
0.43 cfs
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Summary for Pond 1P: SUBSURFACE 1

Inflow Area = 0.457 ac, 82.18% Impervious,  Inflow Depth = 5.31"    for  100-Year event
Inflow = 2.60 cfs @ 12.07 hrs,  Volume= 0.202 af
Outflow = 0.27 cfs @ 11.65 hrs,  Volume= 0.202 af,  Atten= 90%,  Lag= 0.0 min
Discarded = 0.27 cfs @ 11.65 hrs,  Volume= 0.202 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 154.05' @ 12.84 hrs   Surf.Area= 0.032 ac   Storage= 0.067 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 75.2 min ( 842.5 - 767.3 )

Volume Invert Avail.Storage Storage Description

#1A 150.90' 0.027 af 20.83'W x 66.50'L x 3.54'H Field A
0.113 af Overall - 0.044 af Embedded = 0.069 af  x 40.0% Voids

#2A 151.40' 0.044 af Cultec R-330XLHD  x 36  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

0.072 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 150.90' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.27 cfs @ 11.65 hrs  HW=150.96'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.27 cfs)
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Pond 1P: SUBSURFACE 1 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 4 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

9 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 64.50' Row Length +12.0" End Stone x 2 = 66.50' 

Base Length

4 Rows x 52.0" Wide + 6.0" Spacing x 3 + 12.0" Side Stone x 2 = 20.83' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

36 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 4 Rows = 1,922.4 cf Chamber Storage

4,906.7 cf Field - 1,922.4 cf Chambers = 2,984.3 cf Stone x 40.0% Voids = 1,193.7 cf Stone Storage

Chamber Storage + Stone Storage = 3,116.1 cf = 0.072 af

Overall Storage Efficiency = 63.5%

Overall System Size = 66.50' x 20.83' x 3.54'

36 Chambers

181.7 cy Field

110.5 cy Stone



Type III 24-hr  100-Year Rainfall=6.70"217-177 Post Development Final (PC)
Prepared by McKenzie Engineering Group, Inc.

Page 58HydroCAD® 10.00-21  s/n 00452  © 2018 HydroCAD Software Solutions LLC

Pond 1P: SUBSURFACE 1

Inflow
Discarded

Hydrograph

Time  (hours)
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Inflow Area=0.457 ac

Peak Elev=154.05'

Storage=0.067 af

2.60 cfs
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Summary for Pond 2P: SUBSURFACE 2

Inflow Area = 0.155 ac, 64.88% Impervious,  Inflow Depth = 4.64"    for  100-Year event
Inflow = 0.83 cfs @ 12.07 hrs,  Volume= 0.060 af
Outflow = 0.10 cfs @ 11.70 hrs,  Volume= 0.060 af,  Atten= 88%,  Lag= 0.0 min
Discarded = 0.10 cfs @ 11.70 hrs,  Volume= 0.060 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-48.00 hrs, dt= 0.05 hrs
Peak Elev= 142.02' @ 12.73 hrs   Surf.Area= 0.012 ac   Storage= 0.020 af

Plug-Flow detention time= (not calculated: outflow precedes inflow)
Center-of-Mass det. time= 64.1 min ( 867.8 - 803.7 )

Volume Invert Avail.Storage Storage Description

#1A 139.50' 0.011 af 11.17'W x 45.50'L x 3.54'H Field A
0.041 af Overall - 0.015 af Embedded = 0.026 af  x 40.0% Voids

#2A 140.00' 0.015 af Cultec R-330XLHD  x 12  Inside #1
Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf
Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap
Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

0.025 af Total Available Storage

     Storage Group A created with Chamber Wizard

Device Routing     Invert Outlet Devices

#1 Discarded 139.50' 8.270 in/hr Exfiltration over Surface area   

Discarded OutFlow  Max=0.10 cfs @ 11.70 hrs  HW=139.56'   (Free Discharge)
1=Exfiltration  (Exfiltration Controls 0.10 cfs)
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Pond 2P: SUBSURFACE 2 - Chamber Wizard Field A

Chamber Model = Cultec R-330XLHD (Cultec Recharger® 330XLHD)

Effective Size= 47.8"W x 30.0"H => 7.45 sf x 7.00'L = 52.2 cf

Overall Size= 52.0"W x 30.5"H x 8.50'L with 1.50' Overlap

Row Length Adjustment= +1.50' x 7.45 sf x 2 rows

52.0" Wide + 6.0" Spacing = 58.0" C-C Row Spacing

6 Chambers/Row x 7.00' Long +1.50' Row Adjustment = 43.50' Row Length +12.0" End Stone x 2 = 45.50' 

Base Length

2 Rows x 52.0" Wide + 6.0" Spacing x 1 + 12.0" Side Stone x 2 = 11.17' Base Width

6.0" Base + 30.5" Chamber Height + 6.0" Cover = 3.54' Field Height

12 Chambers x 52.2 cf  +1.50' Row Adjustment x 7.45 sf x 2 Rows = 648.2 cf Chamber Storage

1,799.5 cf Field - 648.2 cf Chambers = 1,151.2 cf Stone x 40.0% Voids = 460.5 cf Stone Storage

Chamber Storage + Stone Storage = 1,108.7 cf = 0.025 af

Overall Storage Efficiency = 61.6%

Overall System Size = 45.50' x 11.17' x 3.54'

12 Chambers

66.6 cy Field

42.6 cy Stone
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Pond 2P: SUBSURFACE 2

Inflow
Discarded

Hydrograph
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Inflow Area=0.155 ac
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Storage=0.020 af
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