
   

 

Civil 
Site Planning 

Environmental 
Engineering 

133 Court Street 
Portsmouth, NH 
03801-4413 

 

Tel:  (603) 433-2335       E-mail: Altus@altus-eng.com 

 

January 18, 2021 
 
Juliet T. H. Walker, Planning Director  
City of Portsmouth Municipal Complex 
1 Junkins Avenue 
Portsmouth, New Hampshire 03801 
 
Re: Application for Subdivision 

“Watson’s Landing” 
Assessor’s Map 209, Lot 33 

 1 Clark Drive 
 Altus Project No. 5090 
  
 
Dear Juliet, 
 
On behalf of the Applicant, Fredrick W. Watson Revocable Trust, Robert D. Watson, Trustee, 
Altus Engineering, Inc. respectfully submits an application for a four-lot residential subdivision 
located at 1 Clark Drive that we have christened “Watson’s Landing”.  In addition to four home 
sites, this project entails the construction of a new cul-de-sac from Cutts Street, an upgraded 
sidewalk connection to the existing pedestrian corridor to Market Street, a new DPW accessway 
to an existing City sewer easement and associated utilities and drainage infrastructure. 
 
We are requesting a waiver of Subdivision Regulation Section VI.2.A, Lot Arrangement.  As 
shown on the Subdivision Plan Sheet C-2, the lot line between proposed Lots 2 and 3 does not 
technically meet the intent of the regulation.  Although radial to the right of way for approximately 
4’, the line then jogs approximately 90-degrees to the south east towards the water.  This was done 
with the intent of making the four lots as perpendicular to each other as possible and to make the 
lots better fit the existing topography of the site.  It is our opinion that this allows a more logical 
layout and provides desirable water frontage to each lot. 
 
A second waiver from the Residential Street Minimum Standards diagram in the Subdivision 
Regulations is also needed for roadway width.  We are proposing 20’ on the main roadway and 
24’ on the cul-de-sac where 32’ is required.  This is being done to reduce speed, impervious 
surfaces and runoff as well as construction costs.   

 
This project also requires two Conditional Use Permits.  The first involves impacts to the 100’ 
wetland buffer for demolition of the existing house and pool, construction of the aforementioned 
sewer accessway and installation of utilities and stormwater facilities.  Despite there being no 
direct wetland impacts, this work will also require a wetland permit from NHDES for disturbance 
within the State’s 100’ tidal buffer.   
 



 
ALTUS ENGINEERING, INC.                    5090 – Portsmouth – Watson’s Landing  
January 18, 2021   Page 2 of 2 

The second Conditional Use Permit is required for a noise sensitive land use (housing with outdoor 
activity areas) within the Highway Noise Overlay District.  In support of this, the Applicant 
commissioned a noise analysis per Zoning Section 10.675 that shows the entirety of the 
development is outside the applicable 65 dB sound contour as required.  Should you require 
testimony from the consultant who prepared this work, please let me know and I will arrange to 
have him available for TAC and/or the Planning Board. 
 
Please call me if you have any questions or need any additional information.   
 
 
Sincerely, 
 
ALTUS ENGINEERING, INC. 

   
Erik B. Saari  
Vice President  
 
ebs/5090-APP-PB-CovLtr-011821 

  
Enclosures 
 
 
eCopy: Robert Watson 
 Eric Reuter  
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City of Portsmouth, New Hampshire

Subdivision Application Checklist
 

 

This subdivision application checklist is a tool designed to assist the applicant in the planning process and for preparing the application for Planning 
Board review. A pre-application conference with a member of the planning department is strongly encouraged as additional project information may 
be required depending on the size and scope. The applicant is cautioned that this checklist is only a guide and is not intended to be a complete list of 
all subdivision review requirements. Please refer to the Subdivision review regulations for full details. 

Applicant Responsibilities (Section III.C): Applicable fees are due upon application submittal along with required number of copies of the Preliminary 
or final plat and supporting documents and studies. Please consult with Planning staff for submittal requirements.  

Owner: __________________________________    Date Submitted: ______________________  

Applicant:                

Phone Number: ____________________________________ E-mail: _____________________________________  

Site Address 1: ___________________________________________________________  _ Map: _____ Lot: __  

Site Address 2: ___________________________________________________________  _ Map: _____ Lot: __  

 

Application Requirements 
 Required Items for Submittal Item Location  

(e.g. Page or  
Plan Sheet/Note #) 

Waiver 
Requested 

 Completed Application form. 
(III.C.2-3) 

 N/A 

 All application documents, plans, supporting documentation and 
other materials provided in digital Portable Document Format (PDF).  
(III.C.4) 

 N/A 

 

Requirements for Preliminary/Final Plat  
 Required Items for Submittal Item Location  

(e.g. Page/line or  
Plan Sheet/Note #) 

Required for 
Preliminary / Final 

Plat 

Waiver 
Requested 

 Name and address of record owner, any 
option holders, descriptive name of 
subdivision, engineer and/or surveyor or 
name of person who prepared the plat. 
(Section IV.1/V.1) 

  Preliminary Plat 
 Final Plat 

N/A 

Fredrick W. Watson Revocable Trust,
Robert D. Watson, Trustee

Same

1 Clark Drive 209 33

(603) 501-0966 rdpawnh@comcast.net

X

X

X

Viewpoint

Viewpoint

Sheet C-2, Title Block
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Requirements for Preliminary/Final Plat  
 Required Items for Submittal Item Location  

(e.g. Page/line or  
Plan Sheet/Note #) 

Required for 
Preliminary / Final 

Plat 

Waiver 
Requested 

 Preliminary Plat 
Names and addresses of all adjoining 
property owners. (Section IV.2) 
Final Plat 
Names and addresses of all abutting property 
owners, locations of buildings within one 
hundred (100) feet of the parcel, and any new 
house numbers within the subdivision. 
(Section V.2) 

  Preliminary Plat 
 Final Plat 

N/A 

 North point, date, and bar scale. 
(Section IV.3/V3) 

Required on all Plan Sheets  Preliminary Plat 
 Final Plat 

N/A 

 Zoning classification and minimum yard 
dimensions required. (Section IV.4/V.4) 

  Preliminary Plat 
 Final Plat 

N/A 

 Preliminary Plat 
Scale (not to be smaller than one hundred 
(100) feet = 1 inch) and location map (at a 
scale of 1” = 1000’). (Section IV.5) 
Final Plat 
Scale (not to be smaller than 1”=100’), 
Location map (at a scale of 1”=1,000’) 
showing the property being subdivided and 
its relation to the surrounding area within a 
radius of 2,000 feet. Said location map shall 
delineate all streets and other major physical 
features that my either affect or be affected 
by the proposed development. (Section V.5) 

  Preliminary Plat 
 Final Plat 

N/A 

 Location and approximate dimensions of all 
existing and proposed property lines including 
the entire area proposed to be subdivided, 
the areas of proposed lots, and any adjacent 
parcels in the same ownership. (Section IV.6) 
 

  Preliminary Plat 
 Final Plat 

 

 Dimensions and areas of all lots and any and 
all property to be dedicated or reserved for 
schools, parks, playgrounds, or other public 
purpose. Dimensions shall include radii and 
length of all arcs and calculated bearing for all 
straight lines.  
(Section V.6/ IV.7) 

  Preliminary Plat 
 Final Plat 

N/A 

 Location, names, and present widths of all 
adjacent streets, with a designation as to 
whether public or private and approximate 
location of existing utilities to be used. Curbs 
and sidewalks shall be shown.  
(Section IV.8/V.7) 

  Preliminary Plat 
 Final Plat 

 

X
Sheet C-2

X

X
Sheet C-2, Notes 4 & 5

X

Cover Sheet,
Sheet 1 of 1,
Sheet C-2

X

X

X

Sheet C-2

Sheet C-2

Sheets C-2 & C-5
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Requirements for Preliminary/Final Plat  
 Required Items for Submittal Item Location  

(e.g. Page/line or  
Plan Sheet/Note #) 

Required for 
Preliminary / Final 

Plat 

Waiver 
Requested 

 Location of significant physical features, 
including bodies of water, watercourses, 
wetlands, railroads, important vegetation, 
stone walls and soils types that my influence 
the design of the subdivision.  
(Section IV.9/V.8) 

  Preliminary Plat 
 Final Plat 

 

 Preliminary Plat 
Proposed locations, widths and other 
dimensions of all new streets and utilities, 
including water mains, storm and sanitary 
sewer mains, catch basins and culverts, street 
lights, fire hydrants, sewerage pump stations, 
etc. (Section IV.10) 
Final Plat 
Proposed locations and profiles of all 
proposed streets and utilities, including water 
mains, storm and sanitary sewer mains, 
catchbasins and culverts, together with 
typical cross sections. Profiles shall be drawn 
to a horizontal scale of 1”=50’ and a vertical 
scale of 1”=5’, showing existing centerline 
grade, existing left and right sideline grades, 
and proposed centerline grade.  
(Section V.9) 

  Preliminary Plat 
 Final Plat 

 

 When required by the Board, the plat shall be 
accompanied by profiles of proposed street 
grades, including extensions for a reasonable 
distance beyond the subject land; also grades 
and sizes of proposed utilities.  
(Section IV.10) 

  Preliminary Plat 
 Final Plat 

 

 Base flood elevation (BFE) for subdivisions 
involving greater than five (5) acres or fifty 
(50) lots.  
(Section IV.11) 

  Preliminary Plat 
 Final Plat 

 

 For subdivisions of five (5) lots or more, or at 
the discretion of the Board otherwise, the 
preliminary plat shall show contours at 
intervals no greater than two (2) feet. 
Contours shall be shown in dotted lines for 
existing natural surface and in solid lines for 
proposed final grade, together with the final 
grade elevations shown in figures at all lot 
corners. If existing grades are not to be 
changed, then the contours in these areas 
shall be solid lines. 
(Section IV.12/ V.12) 

  Preliminary Plat 
 Final Plat 

 

X
Sheet 1 of 1

X

Sheets C-3, C-4 & C-5

Sheets C-3 & C-5
X

Sheet C-2 Note 7
& Sheet C-4

N/A (<5 lots)

X
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Requirements for Preliminary/Final Plat  
 Required Items for Submittal Item Location  

(e.g. Page/line or  
Plan Sheet/Note #) 

Required for 
Preliminary / Final 

Plat 

Waiver 
Requested 

 Dates and permit numbers of all necessary 
permits from governmental agencies from 
which approval is required by Federal or State 
law. 
(Section V.10) 

  Preliminary Plat 
 Final Plat 

 

 For subdivisions involving greater than five (5) 
acres or fifty (50) lots, the final plat shall show 
hazard zones and shall include elevation data 
for flood hazard zones.  
(Section V.11) 

  Preliminary Plat 
 Final Plat 

 

 Location of all permanent monuments. 
(Section V.12) 

  Preliminary Plat 
 Final Plat 

 

 

X

N/A (<5 acres)

X Sheet C-2

Sheet C-2
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General Requirements1 
 Required Items for Submittal   Item Location  

(e.g. Page/line or  
Plan Sheet/Note #) 

Waiver 
Requested 

 
 

 

1. Basic Requirements: (VI.1)
a. Conformity to Official Plan or Map
b. Hazards
c. Relation to Topography
d. Planned Unit Development

 
 

 

2. Lots: (VI.2)
a. Lot Arrangement
b. Lot sizes
c. Commercial and Industrial Lots

 
 

 

 

 

 

 

 

 

3. Streets: (VI.3)
a. Relation to adjoining Street System
b. Street Rights-of-Way
c. Access
d. Parallel Service Roads
e. Street Intersection Angles
f. Merging Streets
g. Street Deflections and Vertical Alignment
h. Marginal Access Streets
i. Cul-de-Sacs
j. Rounding Street Corners
k. Street Name Signs
l. Street Names
m. Block Lengths
n. Block Widths
o. Grade of Streets
p. Grass Strips

 4. Curbing: (VI.4)
 5. Driveways: (VI.5)
 6. Drainage Improvements: (VI.6)
 7. Municipal Water Service: (VI.7)
 8. Municipal Sewer Service: (VI.8)
 
 

9. Installation of Utilities: (VI.9)
a. All Districts
b. Indicator Tape

 10. On-Site Water Supply: (VI.10)
 11. On-Site Sewage Disposal Systems: (VI.11)
 
 

 

12. Open Space: (VI.12)
a. Natural Features
b. Buffer Strips
c. Parks
d. Tree Planting

 
 

 

13. Flood Hazard Areas: (VI.13)
a. Permits
b. Minimization of  Flood Damage
c. Elevation and Flood-Proofing Records
d. Alteration of Watercourses

 14. Erosion and Sedimentation Control    (VI.14)X Sheet C-4

N/A
N/A
N/A
N/A

N/A
N/A

X
X
X

X
X
X
X
X

X
X

X

Sheet C-4
N/A
N/A
Sheet C-4

Sheet D-4
Trench Details

Sheets C-3 & C-4
Sheet C-3
Sheets C-3 & C-4
Sheet C-5
Sheet C-5

X
X
X
X

X

X
Waiver VI.2.A
Sheet C-2
N/A

Sheet C-2, Note #7
Sheet C-3
N/A

X
X
X
X

X

X

X
X
X
X

X

Sheet C-3
Sheet C-3
Sheet C-3
N/A
Sheet C-3
N/A
Sheet C-3
N/A
Sheet C-3
Sheet C-3
Sheet C-3
Sheet C-3
N/A
N/A
Sheet C-3
N/A
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Applicant’s/Representative’s Signature:______________________________________ Date:______________________ 

1 See City of Portsmouth, NH Subdivision Rules and Regulations for details. 

 Required Items for Submittal   Item Location  
(e.g. Page/line or  
Plan Sheet/Note #) 

Waiver 
Requested 

 
 

15. Easements   (VI.15)
a. Utilities
b. Drainage

 16. Monuments: (VI.16)
 17. Benchmarks: (VI.17)
 18. House Numbers (VI.18)

Design Standards 
Required Items for Submittal Indicate compliance and/or 

provide explanation as to 
alternative design 

Waiver 
Requested 

 1. Streets have been designed according to the design
standards required under Section (VII.1).
a. Clearing
b. Excavation
c. Rough Grade and Preparation of Sub-Grade
d. Base Course
e. Street Paving
f. Side Slopes
g. Approval Specifications
h. Curbing
i. Sidewalks
j. Inspection and Methods

 2. Storm water Sewers and Other Drainage Appurtenances
have been designed according to the design standards
required under Section (VII.2).
a. Design
b. Standards of Construction

 3. Sanitary Sewers have been designed according to the
design standards required under Section (VII.3).
a. Design
b. Lift Stations
c. Materials
d. Construction Standards

 4. Water Mains and Fire Hydrants have been designed
according to the design standards required under
Section (VII.4).
a. Connections to Lots
b. Design and Construction
c. Materials
d. Notification Prior to Construction

X

X

X

Erik Saari, Agent

X

X
X
X

X
X
X

Sheet C-2

Compliant

Compliant

Compliant

Compliant

01/18/21



 10 Vaughan Mall, Suite 201A 
Portsmouth, NH 03801 
603-430-2081 

 

M E M B E R  F I R M ,  N A T I O N A L  C O U N C I L  O F  A C O U S T I C A L  C O N S U L T A N T S  

 
August 26, 2020 
 
Erik Saari 
Altus Engineering 
133 Court St. 
Portsmouth, NH 03801 
 
SUBJECT: One Clark Drive – Highway Noise Overlay District Analysis 
 
Dear Erik, 
 
At your request, I have conducted a study of traffic noise levels at One Clark Drive in 
Portsmouth.  This site lies within the City of Portsmouth’s Highway Noise Overlay District, 
Section 10.670 of the Zoning Ordinance.  As such, any redevelopment of the site is subject to 
both interior and exterior traffic noise level limits.  
 
Sound Level Limits 
 
Section 10.673 provides hourly-average limits for the interior of a dwelling (45 dBA) and outdoor 
activity areas (65 dBA), based on the “Loudest Traffic Hour Sound Level”.  Typical residential 
construction provides 20 dB of sound attenuation between the exterior and interior without any 
special insulation or glazing, making these limits effectively equivalent.   
 
Analysis 
 
The study was conducted in accordance with 10.675 Noise Analysis.  Each subsection is 
addressed below: 
 
(1) Description of the proposed development 
 

The development will include demolition of the existing single-family structure and 
subdivision of the parcel into four house lots. 

 
(2) A narrative description of the proposed site configuration and any proposed noise mitigation 
measures. 
 

As indicated above, four house lots will be created.  No noise mitigation is necessary or 
proposed. 

 
(3) A diagram showing the proposed site configuration including the location of noise sensitive 
land uses and any proposed noise mitigation measures. 
 

Figure 1, attached, depicts the proposed subdivision.  The four lots should be considered 
noise sensitive land uses.  No noise mitigation is necessary or proposed. 
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(4) Unadjusted 60, 65 and 70 dBA noise contours for the loudest traffic hour sound levels shown 
as an overlay on the site diagram. Noise contours must be developed using the FHWA 
Transportation Noise Model (or a replacement model that has been approved by the FHWA). 
 

A computer model of the site was constructed in SoundPlan.  Calculations were 
conducted using the required FHWA TNM 2.5 engine.  Traffic count data for the relevant 
section of I-95 were obtained from the NHDOT database, as presented in the attached 
Figure 2. 
 
As “loudest hour” is not a standard traffic noise metric (average hour and peak hour are 
typical), the DHV-30 value was used as a conservative surrogate.  This design hour 
volume represents the 30th-highest volume hour of the year.  As no DHV-30 value was 
published for 2019, the 2018 value was scaled proportionally according to the overall 
increase in volume from 2018 to 2019.  Counts used in the model were 8830 
automobiles and 768 heavy trucks, divided evenly across the northbound and 
southbound lanes. 

 
Figure 1, attached, depicts the 60-, 65- and 70-dBA noise level contours.   
 
To confirm that the DHV-30 data reasonably represent the loudest hour, monitoring was 
conducted at the site for several days, including both weekdays and a weekend.  The 
monitor location is also indicated on Figure 1.  The measured data are presented in the 
attached Figure 3.  The loudest hours at this location were all 60 dBA.  The TNM model 
when evaluated at this location estimates a sound level of 59.3 dBA.  This is a negligible 
difference and satisfactorily validates the model. 
 
The entire development is outside of the 65-dBA contour.  Any portion of the site may 
be used for outdoor activities and dwellings of typical design and construction may exist 
at any location on any of the parcels. 

 
(5) [not applicable] 
 
Summary 
 
The proposed redevelopment of One Clark Drive will meet the requirements of the Highway 
Noise Overlay District without noise mitigation.   
 
Please feel free to contact me with any questions. 
 
Sincerely, 

 
Eric L. Reuter, FASA, INCE Bd. Cert. 
Principal 
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Figure 1 – Site Plan and Noise Contours 
 
 

 
 

Figure 2 – NHDOT Traffic Data 

Monitor Location 
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Figure 3 – Measured Data 
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Section 1 
 
Narrative 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

PROJECT DESCRIPTION 
 
The Frederick W. Watson Revocable Trust is proposing to subdivide an existing residential lot located 
at 1 Clark Drive in Portsmouth, NH.  The property is identified as Assessor’s Map 209, Lot 33, is 
approximately 3.1 (+/-) acres in size and is located in the City’s Single Residence B (SRB) district.  
The site currently has a single-family residence, pool, and private roadway surrounded by a large lawn 
area with limited woodlands. 
 
The proposed project will raze the existing house, construct an approximately 325’ long public cul-de-
sac and create four single-family residential lots serviced by municipal water and sewer.  
 
Runoff from the development will be directed to a 170-foot long rain garden to provide stormwater 
treatment.  The stormwater management system proposed for the site will reduce peak flows and treat 
site runoff prior to discharging to Inner Cutts Cove, a tidal water adjacent to the site 
 
Site Soils 
 
The NRCS indicates that the subject property consists of several primary soil classifications:  
 799 – Urban-Land-Canton complex, HSG C 
 
Pre-Development (Existing Conditions) 
 
The pre-development site conditions reflect the existing conditions of the site, which include the 
existing house, pool and private roadway.  The current site primarily discharges radially to the east and 
southeast to Inner Cutts Cove, identified as Point of Analysis #1 (POA #1).  The Pre-Development 
analysis models the existing site conditions for the point of analysis.   
 
The grades and elevations shown on the plans are based on the site survey completed by Knight Hill 
Surveying Services, Inc. and included in the plan set as Topo/Boundary Worksheet.  The study pre-
development area was analyzed as one (1) watershed, which discharges to POA #1 as identified above.     
 
Post-Development (Proposed Site Design) 
 
The existing house, patio and pool will be razed and a new roadway with associated site improvements 
will constructed.  The remainder of the lot will be subdivided into four (4) single-family house lots to 
be developed by others. 
 
The proposed stormwater system is depicted on the attached Post-Development Watershed Plan.  For 
the post development analysis, the site was divided into seven (7) watershed areas to more accurately 
depict the post-development conditions.  The same point of analysis used in the Pre-Development 
model (POA #1) was used for comparison of the Pre and Post development conditions.   
 



 

 

The Post-Development Watershed Plan illustrates the proposed stormwater management system.  The 
single Pre-Development subcatchment has been divided into smaller areas to emulate the proposed 
grading and stormwater management system proposed for construction. Site topography, existing 
features, proposed site improvements, proposed grading, drainage and erosion control measures are 
shown on the accompanying plans.  Recommended erosion control measures are based upon the 
December 2008 edition of the “New Hampshire Stormwater Manual Volumes 1 through 3” prepared 
by NHDES and Comprehensive Environmental, Inc. as amended.  
 
 
CALCULATION METHODS 
The drainage study was completed using the USDA SCS TR-20 Method within the HydroCAD 
Stormwater Modeling System.  Reservoir routing was performed with the Dynamic Storage Indication 
method with automated calculation of tailwater conditions.  A Type III 24-hour rainfall distribution 
was utilized in analyzing the data for the 2, 10, 25 and 50 year - 24-hour storm events using rainfall 
data provided by the Northeast Regional Climate Center (NRCC).  As the project site lies within a 
Coastal and Great Bay Community identified by NHDES Alteration of Terrain, all rainfall amounts 
were increased by 15% to account for potential future increases in rainfall due to climate change.   
 
Disclaimer 
 
Altus Engineering, Inc. notes that stormwater modeling is limited in its capacity to precisely predict 
peak rates of runoff and flood elevations.  Results should not be considered to represent actual storm 
events due to the number of variables and assumptions involved in the modeling effort.  Surface 
roughness coefficients (n), entrance loss coefficients (ke), velocity factors (kv) and times of 
concentration (Tc) are based on subjective field observations and engineering judgment using available 
data.  For design purposes, curve numbers (Cn) describe the average conditions.  However, curve 
numbers will vary from storm to storm depending on the antecedent runoff conditions (ARC) including 
saturation and frozen ground.  Also, higher water elevations than predicted by modeling could occur if 
drainage channels, closed drain systems or culverts are not maintained and/or become blocked by 
debris before and/or during a storm event as this will impact flow capacity of the structures.  Structures 
should be re-evaluated if future changes occur within relevant drainage areas in order to assess any 
required design modifications. 
 
 
 
 
 
 
 
 
 



 

 

Drainage Analysis 
 
A complete summary of the drainage model is included in the appendix of this report.  The following 
table compares pre- and post-development peak rates at the Point of Analysis identified on the plans 
for the 2, 10, 25, and 50-year storm events:  
 

Stormwater Modeling Summary 
Peak Q (cfs) for Type III 24-Hour Storm Events 

 
 
As the above table demonstrates, the proposed peak rates of runoff will be decreased from the existing 
conditions for all analyzed storm events.   
 
CONCLUSION 
 
This proposed site development of Watson’s Landing subdivision off of Clark Drive in Portsmouth, 
NH will have minimal adverse effect on abutting properties and infrastructure as a result of stormwater 
runoff or siltation.  Post-construction peak rates of runoff from the site will be lower than the existing 
conditions for all analyzed storm events.  The new stormwater management system will also provide 
appropriate treatment of runoff from the entirety of the proposed impervious area.  Appropriate steps 
will be taken to properly mitigate erosion and sedimentation through the use of temporary and 
permanent Best Management Practices for sediment and erosion control, including deep sump catch 
basins with grease hoods, vegetated swales and a raingarden. 

*Rainfall Intensities Reflect 
15% Increase per AoT  

2-Yr Storm  
(3.69 inch) 

10-Yr Storm 
(5.60 inch) 

25-Yr Storm 
(7.10 inch) 

50-Yr Storm 
(8.50 inch) 

POA #1      

  Pre 4.56 9.41 13.45 17.29 

  Post 4.22 8.87 12.63 16.20 

                   Change  -0.34 -0.54 -0.82 -1.09 



 

            

 
Section 2 
 
Aerial Photo and USGS Map 
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Section 3 
 
Drainage Calculations 
 
Pre-Development 
2-Year, 24-Hour Summary 
10-Year, 24-Hour Complete 
25-Year, 24-Hour Summary 
50-Year, 24-Hour Summary 

 
 
 
 
 
 
 
 
 



1S

Project Site to POA #1

100R

POA #1

Routing Diagram for 5090 Pre
Prepared by Altus Engineering, Inc.,  Printed 1/19/2021

HydroCAD® 10.00-25  s/n 01222  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type III 24-hr  2-yr Rainfall=3.69"5090 Pre
  Printed  1/19/2021Prepared by Altus Engineering, Inc.

Page 2HydroCAD® 10.00-25  s/n 01222  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=151,238 sf   12.17% Impervious   Runoff Depth=1.50"Subcatchment 1S: Project Site to POA #1
   Flow Length=550'   Tc=14.6 min   CN=76   Runoff=4.56 cfs  0.435 af

Avg. Flow Depth=0.22'   Max Vel=1.65 fps   Inflow=4.56 cfs  0.435 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=4.56 cfs  0.435 af

Total Runoff Area = 3.472 ac   Runoff Volume = 0.435 af   Average Runoff Depth = 1.50"
87.83% Pervious = 3.049 ac     12.17% Impervious = 0.422 ac
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

2.116 74 >75% Grass cover, Good, HSG C  (1S)
0.346 98 Paved parking, HSG C  (1S)
0.076 98 Roofs, HSG C  (1S)
0.933 70 Woods, Good, HSG C  (1S)

3.472 76 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
3.472 HSG C 1S
0.000 HSG D
0.000 Other

3.472 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

0.000 0.000 2.116 0.000 0.000 2.116 >75% Grass cover, Good 1S
0.000 0.000 0.346 0.000 0.000 0.346 Paved parking 1S
0.000 0.000 0.076 0.000 0.000 0.076 Roofs 1S
0.000 0.000 0.933 0.000 0.000 0.933 Woods, Good 1S

0.000 0.000 3.472 0.000 0.000 3.472 TOTAL AREA
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Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=151,238 sf   12.17% Impervious   Runoff Depth=3.04"Subcatchment 1S: Project Site to POA #1
   Flow Length=550'   Tc=14.6 min   CN=76   Runoff=9.41 cfs  0.879 af

Avg. Flow Depth=0.31'   Max Vel=2.07 fps   Inflow=9.41 cfs  0.879 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=9.41 cfs  0.879 af

Total Runoff Area = 3.472 ac   Runoff Volume = 0.879 af   Average Runoff Depth = 3.04"
87.83% Pervious = 3.049 ac     12.17% Impervious = 0.422 ac
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Summary for Subcatchment 1S: Project Site to POA #1

Runoff = 9.41 cfs @ 12.21 hrs,  Volume= 0.879 af,  Depth= 3.04"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
15,072 98 Paved parking, HSG C

3,330 98 Roofs, HSG C
40,658 70 Woods, Good, HSG C
92,178 74 >75% Grass cover, Good, HSG C

151,238 76 Weighted Average
132,836 87.83% Pervious Area

18,402 12.17% Impervious Area

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

6.9 100 0.0400 0.24 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.69"

6.5 320 0.0030 0.82 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

1.2 130 0.1400 1.87 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

14.6 550 Total

Subcatchment 1S: Project Site to POA #1

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=151,238 sf
Runoff Volume=0.879 af

Runoff Depth=3.04"
Flow Length=550'

Tc=14.6 min
CN=76

9.41 cfs
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Summary for Reach 100R: POA #1

Inflow Area = 3.472 ac, 12.17% Impervious,  Inflow Depth = 3.04"    for  10-yr event
Inflow = 9.41 cfs @ 12.21 hrs,  Volume= 0.879 af
Outflow = 9.41 cfs @ 12.21 hrs,  Volume= 0.879 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.07 fps,  Min. Travel Time= 0.0 min
Avg. Velocity = 0.75 fps,  Avg. Travel Time= 0.0 min

Peak Storage= 5 cf @ 12.21 hrs
Average Depth at Peak Storage= 0.31'
Bank-Full Depth= 1.00'  Flow Area= 26.7 sf,  Capacity= 120.83 cfs

40.00'  x  1.00'  deep Parabolic Channel,  n= 0.025  Earth, clean & winding
Length= 1.0'   Slope= 0.0100 '/'
Inlet Invert= 1.00',  Outlet Invert= 0.99'

‡

Reach 100R: POA #1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=3.472 ac
Avg. Flow Depth=0.31'

Max Vel=2.07 fps
n=0.025

L=1.0'
S=0.0100 '/'

Capacity=120.83 cfs

9.41 cfs
9.41 cfs
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Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=151,238 sf   12.17% Impervious   Runoff Depth=4.35"Subcatchment 1S: Project Site to POA #1
   Flow Length=550'   Tc=14.6 min   CN=76   Runoff=13.45 cfs  1.258 af

Avg. Flow Depth=0.36'   Max Vel=2.31 fps   Inflow=13.45 cfs  1.258 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=13.45 cfs  1.258 af

Total Runoff Area = 3.472 ac   Runoff Volume = 1.258 af   Average Runoff Depth = 4.35"
87.83% Pervious = 3.049 ac     12.17% Impervious = 0.422 ac
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2-Year, 24-Hour Summary 
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Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=4,876 sf   59.56% Impervious   Runoff Depth=2.44"Subcatchment 10S: Roadway
   Tc=6.0 min   CN=88   Runoff=0.31 cfs  0.023 af

Runoff Area=6,718 sf   62.13% Impervious   Runoff Depth=2.53"Subcatchment 11S: Roadway
   Tc=6.0 min   CN=89   Runoff=0.44 cfs  0.033 af

Runoff Area=3,183 sf   56.17% Impervious   Runoff Depth=2.35"Subcatchment 13S: Roadway
   Tc=6.0 min   CN=87   Runoff=0.20 cfs  0.014 af

Runoff Area=2,407 sf   100.00% Impervious   Runoff Depth=3.46"Subcatchment 14S: Roadway
   Tc=6.0 min   CN=98   Runoff=0.19 cfs  0.016 af

Runoff Area=77,120 sf   20.03% Impervious   Runoff Depth=1.71"Subcatchment 15S: 19S
   Flow Length=480'   Tc=17.3 min   CN=79   Runoff=2.51 cfs  0.253 af

Runoff Area=4,819 sf   55.95% Impervious   Runoff Depth=2.35"Subcatchment 16S: Cul-de-sac
   Tc=6.0 min   CN=87   Runoff=0.30 cfs  0.022 af

Runoff Area=52,115 sf   0.00% Impervious   Runoff Depth=1.19"Subcatchment 20S: Remaining Land
   Flow Length=175'   Tc=8.5 min   CN=71   Runoff=1.41 cfs  0.118 af

Avg. Flow Depth=0.08'   Max Vel=0.76 fps   Inflow=0.11 cfs  0.125 afReach 16R: Outfall
n=0.100   L=75.0'   S=0.1200 '/'   Capacity=4.89 cfs   Outflow=0.11 cfs  0.125 af

Avg. Flow Depth=0.21'   Max Vel=1.61 fps   Inflow=4.22 cfs  0.455 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=4.22 cfs  0.455 af

Peak Elev=26.39'   Inflow=0.31 cfs  0.023 afPond 10P: PCB #10
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.31 cfs  0.023 af

Peak Elev=26.46'   Inflow=0.44 cfs  0.033 afPond 11P: PCB #11
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.44 cfs  0.033 af

Peak Elev=26.42'   Inflow=0.75 cfs  0.055 afPond 12P: PDMH #13
12.0"  Round Culvert  n=0.013  L=155.0'  S=0.0050 '/'   Outflow=0.75 cfs  0.055 af

Peak Elev=27.35'   Inflow=0.20 cfs  0.014 afPond 13P: PCB #12
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.20 cfs  0.014 af

Peak Elev=27.35'   Inflow=0.19 cfs  0.016 afPond 14P: PCB #13
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.19 cfs  0.016 af

Peak Elev=25.69'   Inflow=1.14 cfs  0.086 afPond 15P: PDMH #15
12.0"  Round Culvert  n=0.013  L=67.0'  S=0.0051 '/'   Outflow=1.14 cfs  0.086 af

Peak Elev=26.81'   Inflow=0.30 cfs  0.022 afPond 16P: PCB #14
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.30 cfs  0.022 af



Type III 24-hr  2-yr Rainfall=3.69"5090 Post
  Printed  1/19/2021Prepared by Altus Engineering, Inc.

Page 3HydroCAD® 10.00-25  s/n 01222  © 2019 HydroCAD Software Solutions LLC

Peak Elev=25.35'   Inflow=1.44 cfs  0.107 afPond 17P: PDMH #17
12.0"  Round Culvert  n=0.013  L=84.0'  S=0.0050 '/'   Outflow=1.44 cfs  0.107 af

Peak Elev=24.72'   Inflow=1.44 cfs  0.107 afPond 18P: PDMH #15
12.0"  Round Culvert  n=0.013  L=117.0'  S=0.0605 '/'   Outflow=1.44 cfs  0.107 af

Peak Elev=18.25'  Storage=3,515 cf   Inflow=3.28 cfs  0.360 afPond 19P: Raingarden #1
   Primary=0.11 cfs  0.125 af   Secondary=3.08 cfs  0.212 af   Outflow=3.18 cfs  0.337 af

Total Runoff Area = 3.472 ac   Runoff Volume = 0.479 af   Average Runoff Depth = 1.65"
80.55% Pervious = 2.797 ac     19.45% Impervious = 0.675 ac
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

1.863 74 >75% Grass cover, Good, HSG C  (10S, 11S, 13S, 15S, 16S, 20S)
0.427 98 Paved parking, HSG C  (10S, 11S, 13S, 14S, 15S, 16S)
0.248 98 Roofs, HSG C  (11S, 15S)
0.933 70 Woods, Good, HSG C  (20S)

3.472 78 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
3.472 HSG C 10S, 11S, 13S, 14S, 15S, 16S, 20S
0.000 HSG D
0.000 Other

3.472 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

0.000 0.000 1.863 0.000 0.000 1.863 >75% Grass cover, Good 10S, 
11S, 
13S, 
15S, 
16S, 20S

0.000 0.000 0.427 0.000 0.000 0.427 Paved parking 10S, 
11S, 
13S, 
14S, 
15S, 16S

0.000 0.000 0.248 0.000 0.000 0.248 Roofs 11S, 15S
0.000 0.000 0.933 0.000 0.000 0.933 Woods, Good 20S

0.000 0.000 3.472 0.000 0.000 3.472 TOTAL AREA
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Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=4,876 sf   59.56% Impervious   Runoff Depth=4.24"Subcatchment 10S: Roadway
   Tc=6.0 min   CN=88   Runoff=0.53 cfs  0.040 af

Runoff Area=6,718 sf   62.13% Impervious   Runoff Depth=4.35"Subcatchment 11S: Roadway
   Tc=6.0 min   CN=89   Runoff=0.74 cfs  0.056 af

Runoff Area=3,183 sf   56.17% Impervious   Runoff Depth=4.14"Subcatchment 13S: Roadway
   Tc=6.0 min   CN=87   Runoff=0.34 cfs  0.025 af

Runoff Area=2,407 sf   100.00% Impervious   Runoff Depth=5.36"Subcatchment 14S: Roadway
   Tc=6.0 min   CN=98   Runoff=0.30 cfs  0.025 af

Runoff Area=77,120 sf   20.03% Impervious   Runoff Depth=3.32"Subcatchment 15S: 19S
   Flow Length=480'   Tc=17.3 min   CN=79   Runoff=4.91 cfs  0.491 af

Runoff Area=4,819 sf   55.95% Impervious   Runoff Depth=4.14"Subcatchment 16S: Cul-de-sac
   Tc=6.0 min   CN=87   Runoff=0.51 cfs  0.038 af

Runoff Area=52,115 sf   0.00% Impervious   Runoff Depth=2.58"Subcatchment 20S: Remaining Land
   Flow Length=175'   Tc=8.5 min   CN=71   Runoff=3.22 cfs  0.257 af

Avg. Flow Depth=0.09'   Max Vel=0.78 fps   Inflow=0.12 cfs  0.138 afReach 16R: Outfall
n=0.100   L=75.0'   S=0.1200 '/'   Capacity=4.89 cfs   Outflow=0.12 cfs  0.138 af

Avg. Flow Depth=0.30'   Max Vel=2.03 fps   Inflow=8.87 cfs  0.907 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=8.87 cfs  0.907 af

Peak Elev=26.50'   Inflow=0.53 cfs  0.040 afPond 10P: PCB #10
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.53 cfs  0.040 af

Peak Elev=26.59'   Inflow=0.74 cfs  0.056 afPond 11P: PCB #11
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.74 cfs  0.056 af

Peak Elev=26.60'   Inflow=1.27 cfs  0.095 afPond 12P: PDMH #13
12.0"  Round Culvert  n=0.013  L=155.0'  S=0.0050 '/'   Outflow=1.27 cfs  0.095 af

Peak Elev=27.44'   Inflow=0.34 cfs  0.025 afPond 13P: PCB #12
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.34 cfs  0.025 af

Peak Elev=27.41'   Inflow=0.30 cfs  0.025 afPond 14P: PCB #13
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.30 cfs  0.025 af

Peak Elev=25.94'   Inflow=1.90 cfs  0.145 afPond 15P: PDMH #15
12.0"  Round Culvert  n=0.013  L=67.0'  S=0.0051 '/'   Outflow=1.90 cfs  0.145 af

Peak Elev=26.92'   Inflow=0.51 cfs  0.038 afPond 16P: PCB #14
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.51 cfs  0.038 af
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Peak Elev=25.68'   Inflow=2.41 cfs  0.183 afPond 17P: PDMH #17
12.0"  Round Culvert  n=0.013  L=84.0'  S=0.0050 '/'   Outflow=2.41 cfs  0.183 af

Peak Elev=24.98'   Inflow=2.41 cfs  0.183 afPond 18P: PDMH #15
12.0"  Round Culvert  n=0.013  L=117.0'  S=0.0605 '/'   Outflow=2.41 cfs  0.183 af

Peak Elev=18.38'  Storage=3,949 cf   Inflow=6.20 cfs  0.674 afPond 19P: Raingarden #1
   Primary=0.12 cfs  0.138 af   Secondary=6.00 cfs  0.512 af   Outflow=6.12 cfs  0.650 af

Total Runoff Area = 3.472 ac   Runoff Volume = 0.931 af   Average Runoff Depth = 3.22"
80.55% Pervious = 2.797 ac     19.45% Impervious = 0.675 ac
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Summary for Subcatchment 10S: Roadway

Runoff = 0.53 cfs @ 12.09 hrs,  Volume= 0.040 af,  Depth= 4.24"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
2,904 98 Paved parking, HSG C

0 98 Roofs, HSG C
1,972 74 >75% Grass cover, Good, HSG C
4,876 88 Weighted Average
1,972 40.44% Pervious Area
2,904 59.56% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 10S: Roadway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=4,876 sf
Runoff Volume=0.040 af

Runoff Depth=4.24"
Tc=6.0 min

CN=88

0.53 cfs
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Summary for Subcatchment 11S: Roadway

Runoff = 0.74 cfs @ 12.09 hrs,  Volume= 0.056 af,  Depth= 4.35"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
3,359 98 Paved parking, HSG C

815 98 Roofs, HSG C
2,544 74 >75% Grass cover, Good, HSG C
6,718 89 Weighted Average
2,544 37.87% Pervious Area
4,174 62.13% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 11S: Roadway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=6,718 sf
Runoff Volume=0.056 af

Runoff Depth=4.35"
Tc=6.0 min

CN=89

0.74 cfs
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Summary for Subcatchment 13S: Roadway

Runoff = 0.34 cfs @ 12.09 hrs,  Volume= 0.025 af,  Depth= 4.14"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
1,788 98 Paved parking, HSG C

0 98 Roofs, HSG C
1,395 74 >75% Grass cover, Good, HSG C
3,183 87 Weighted Average
1,395 43.83% Pervious Area
1,788 56.17% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 13S: Roadway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=3,183 sf
Runoff Volume=0.025 af

Runoff Depth=4.14"
Tc=6.0 min

CN=87

0.34 cfs
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Summary for Subcatchment 14S: Roadway

Runoff = 0.30 cfs @ 12.09 hrs,  Volume= 0.025 af,  Depth= 5.36"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
2,407 98 Paved parking, HSG C

0 98 Roofs, HSG C
0 74 >75% Grass cover, Good, HSG C

2,407 98 Weighted Average
2,407 100.00% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 14S: Roadway

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=2,407 sf
Runoff Volume=0.025 af

Runoff Depth=5.36"
Tc=6.0 min

CN=98

0.30 cfs
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Summary for Subcatchment 15S: 19S

Runoff = 4.91 cfs @ 12.24 hrs,  Volume= 0.491 af,  Depth= 3.32"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
5,444 98 Paved parking, HSG C

10,000 98 Roofs, HSG C
61,676 74 >75% Grass cover, Good, HSG C
77,120 79 Weighted Average
61,676 79.97% Pervious Area
15,444 20.03% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.2 100 0.0400 0.11 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.69"
2.0 315 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
0.1 65 0.0600 10.80 45.37 Channel Flow, 

Area= 4.2 sf  Perim= 5.0'  r= 0.84'
n= 0.030  Earth, grassed & winding

17.3 480 Total

Subcatchment 15S: 19S

Runoff

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=77,120 sf
Runoff Volume=0.491 af

Runoff Depth=3.32"
Flow Length=480'

Tc=17.3 min
CN=79

4.91 cfs
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Summary for Subcatchment 16S: Cul-de-sac

Runoff = 0.51 cfs @ 12.09 hrs,  Volume= 0.038 af,  Depth= 4.14"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
2,696 98 Paved parking, HSG C

0 98 Roofs, HSG C
2,123 74 >75% Grass cover, Good, HSG C
4,819 87 Weighted Average
2,123 44.05% Pervious Area
2,696 55.95% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 16S: Cul-de-sac

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=4,819 sf
Runoff Volume=0.038 af

Runoff Depth=4.14"
Tc=6.0 min

CN=87

0.51 cfs
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Summary for Subcatchment 20S: Remaining Land

Runoff = 3.22 cfs @ 12.13 hrs,  Volume= 0.257 af,  Depth= 2.58"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  10-yr Rainfall=5.60"

Area (sf) CN Description
40,658 70 Woods, Good, HSG C
11,457 74 >75% Grass cover, Good, HSG C
52,115 71 Weighted Average
52,115 100.00% Pervious Area

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

2.2 35 0.0850 0.26 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.69"

5.3 50 0.1400 0.16 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.69"

1.0 90 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

8.5 175 Total

Subcatchment 20S: Remaining Land

Runoff

Hydrograph

Time  (hours)
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Type III 24-hr
10-yr Rainfall=5.60"

Runoff Area=52,115 sf
Runoff Volume=0.257 af

Runoff Depth=2.58"
Flow Length=175'

Tc=8.5 min
CN=71

3.22 cfs
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Summary for Reach 16R: Outfall

Inflow Area = 2.276 ac, 29.67% Impervious,  Inflow Depth > 0.73"    for  10-yr event
Inflow = 0.12 cfs @ 12.24 hrs,  Volume= 0.138 af
Outflow = 0.12 cfs @ 12.28 hrs,  Volume= 0.138 af,  Atten= 0%,  Lag= 2.8 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.78 fps,  Min. Travel Time= 1.6 min
Avg. Velocity = 0.63 fps,  Avg. Travel Time= 2.0 min

Peak Storage= 11 cf @ 12.26 hrs
Average Depth at Peak Storage= 0.09'
Bank-Full Depth= 0.50'  Flow Area= 2.0 sf,  Capacity= 4.89 cfs

6.00'  x  0.50'  deep Parabolic Channel,  n= 0.100  Earth, dense brush, high stage
Length= 75.0'   Slope= 0.1200 '/'
Inlet Invert= 14.00',  Outlet Invert= 5.00'

‡

Reach 16R: Outfall

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=2.276 ac
Avg. Flow Depth=0.09'

Max Vel=0.78 fps
n=0.100
L=75.0'

S=0.1200 '/'
Capacity=4.89 cfs

0.12 cfs
0.12 cfs
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Summary for Reach 100R: POA #1

Inflow Area = 3.472 ac, 19.45% Impervious,  Inflow Depth > 3.14"    for  10-yr event
Inflow = 8.87 cfs @ 12.17 hrs,  Volume= 0.907 af
Outflow = 8.87 cfs @ 12.17 hrs,  Volume= 0.907 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.03 fps,  Min. Travel Time= 0.0 min
Avg. Velocity = 0.60 fps,  Avg. Travel Time= 0.0 min

Peak Storage= 4 cf @ 12.17 hrs
Average Depth at Peak Storage= 0.30'
Bank-Full Depth= 1.00'  Flow Area= 26.7 sf,  Capacity= 120.83 cfs

40.00'  x  1.00'  deep Parabolic Channel,  n= 0.025  Earth, clean & winding
Length= 1.0'   Slope= 0.0100 '/'
Inlet Invert= 1.00',  Outlet Invert= 0.99'

‡

Reach 100R: POA #1

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=3.472 ac
Avg. Flow Depth=0.30'

Max Vel=2.03 fps
n=0.025

L=1.0'
S=0.0100 '/'

Capacity=120.83 cfs

8.87 cfs
8.87 cfs
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Summary for Pond 10P: PCB #10

Inflow Area = 0.112 ac, 59.56% Impervious,  Inflow Depth = 4.24"    for  10-yr event
Inflow = 0.53 cfs @ 12.09 hrs,  Volume= 0.040 af
Outflow = 0.53 cfs @ 12.09 hrs,  Volume= 0.040 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.53 cfs @ 12.09 hrs,  Volume= 0.040 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.50' @ 12.09 hrs
Flood Elev= 29.55'

Device Routing     Invert Outlet Devices
#1 Primary 26.05' 12.0"  Round Culvert   

L= 8.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 26.05' / 26.01'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.51 cfs @ 12.09 hrs  HW=26.49'   (Free Discharge)
1=Culvert  (Barrel Controls 0.51 cfs @ 2.27 fps)

Pond 10P: PCB #10

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.112 ac
Peak Elev=26.50'

12.0"
Round Culvert

n=0.013
L=8.0'

S=0.0050 '/'

0.53 cfs
0.53 cfs
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Summary for Pond 11P: PCB #11

Inflow Area = 0.154 ac, 62.13% Impervious,  Inflow Depth = 4.35"    for  10-yr event
Inflow = 0.74 cfs @ 12.09 hrs,  Volume= 0.056 af
Outflow = 0.74 cfs @ 12.09 hrs,  Volume= 0.056 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.74 cfs @ 12.09 hrs,  Volume= 0.056 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.59' @ 12.09 hrs
Flood Elev= 29.55'

Device Routing     Invert Outlet Devices
#1 Primary 26.05' 12.0"  Round Culvert   

L= 8.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 26.05' / 26.01'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.72 cfs @ 12.09 hrs  HW=26.58'   (Free Discharge)
1=Culvert  (Barrel Controls 0.72 cfs @ 2.48 fps)

Pond 11P: PCB #11

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.154 ac
Peak Elev=26.59'

12.0"
Round Culvert

n=0.013
L=8.0'

S=0.0050 '/'

0.74 cfs
0.74 cfs
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Summary for Pond 12P: PDMH #13

Inflow Area = 0.266 ac, 61.05% Impervious,  Inflow Depth = 4.30"    for  10-yr event
Inflow = 1.27 cfs @ 12.09 hrs,  Volume= 0.095 af
Outflow = 1.27 cfs @ 12.09 hrs,  Volume= 0.095 af,  Atten= 0%,  Lag= 0.0 min
Primary = 1.27 cfs @ 12.09 hrs,  Volume= 0.095 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.60' @ 12.09 hrs
Flood Elev= 29.70'

Device Routing     Invert Outlet Devices
#1 Primary 25.91' 12.0"  Round Culvert   

L= 155.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 25.91' / 25.14'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013,  Flow Area= 0.79 sf   

Primary OutFlow  Max=1.24 cfs @ 12.09 hrs  HW=26.59'   (Free Discharge)
1=Culvert  (Barrel Controls 1.24 cfs @ 3.10 fps)

Pond 12P: PDMH #13

Inflow
Primary

Hydrograph

Time  (hours)
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F
lo

w
  (

cf
s)

1

0

Inflow Area=0.266 ac
Peak Elev=26.60'

12.0"
Round Culvert

n=0.013
L=155.0'

S=0.0050 '/'

1.27 cfs
1.27 cfs
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Summary for Pond 13P: PCB #12

Inflow Area = 0.073 ac, 56.17% Impervious,  Inflow Depth = 4.14"    for  10-yr event
Inflow = 0.34 cfs @ 12.09 hrs,  Volume= 0.025 af
Outflow = 0.34 cfs @ 12.09 hrs,  Volume= 0.025 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.34 cfs @ 12.09 hrs,  Volume= 0.025 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 27.44' @ 12.09 hrs
Flood Elev= 31.10'

Device Routing     Invert Outlet Devices
#1 Primary 27.10' 12.0"  Round Culvert   

L= 5.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 27.10' / 27.05'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.33 cfs @ 12.09 hrs  HW=27.43'   (Free Discharge)
1=Culvert  (Barrel Controls 0.33 cfs @ 2.17 fps)

Pond 13P: PCB #12

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.073 ac
Peak Elev=27.44'

12.0"
Round Culvert

n=0.013
L=5.0'

S=0.0100 '/'

0.34 cfs
0.34 cfs
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Summary for Pond 14P: PCB #13

Inflow Area = 0.055 ac,100.00% Impervious,  Inflow Depth = 5.36"    for  10-yr event
Inflow = 0.30 cfs @ 12.09 hrs,  Volume= 0.025 af
Outflow = 0.30 cfs @ 12.09 hrs,  Volume= 0.025 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.30 cfs @ 12.09 hrs,  Volume= 0.025 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 27.41' @ 12.09 hrs
Flood Elev= 31.10'

Device Routing     Invert Outlet Devices
#1 Primary 27.10' 12.0"  Round Culvert   

L= 5.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 27.10' / 27.05'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.29 cfs @ 12.09 hrs  HW=27.41'   (Free Discharge)
1=Culvert  (Barrel Controls 0.29 cfs @ 2.10 fps)

Pond 14P: PCB #13

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.055 ac
Peak Elev=27.41'

12.0"
Round Culvert

n=0.013
L=5.0'

S=0.0100 '/'

0.30 cfs
0.30 cfs
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Summary for Pond 15P: PDMH #15

Inflow Area = 0.394 ac, 65.60% Impervious,  Inflow Depth = 4.42"    for  10-yr event
Inflow = 1.90 cfs @ 12.09 hrs,  Volume= 0.145 af
Outflow = 1.90 cfs @ 12.09 hrs,  Volume= 0.145 af,  Atten= 0%,  Lag= 0.0 min
Primary = 1.90 cfs @ 12.09 hrs,  Volume= 0.145 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 25.94' @ 12.09 hrs
Flood Elev= 31.25'

Device Routing     Invert Outlet Devices
#1 Primary 25.04' 12.0"  Round Culvert   

L= 67.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 25.04' / 24.70'   S= 0.0051 '/'   Cc= 0.900   
n= 0.013,  Flow Area= 0.79 sf   

Primary OutFlow  Max=1.86 cfs @ 12.09 hrs  HW=25.93'   (Free Discharge)
1=Culvert  (Barrel Controls 1.86 cfs @ 3.35 fps)

Pond 15P: PDMH #15

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.394 ac
Peak Elev=25.94'

12.0"
Round Culvert

n=0.013
L=67.0'

S=0.0051 '/'

1.90 cfs
1.90 cfs
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Summary for Pond 16P: PCB #14

Inflow Area = 0.111 ac, 55.95% Impervious,  Inflow Depth = 4.14"    for  10-yr event
Inflow = 0.51 cfs @ 12.09 hrs,  Volume= 0.038 af
Outflow = 0.51 cfs @ 12.09 hrs,  Volume= 0.038 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.51 cfs @ 12.09 hrs,  Volume= 0.038 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.92' @ 12.09 hrs
Flood Elev= 30.50'

Device Routing     Invert Outlet Devices
#1 Primary 26.50' 12.0"  Round Culvert   

L= 5.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 26.50' / 26.45'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.50 cfs @ 12.09 hrs  HW=26.92'   (Free Discharge)
1=Culvert  (Barrel Controls 0.50 cfs @ 2.38 fps)

Pond 16P: PCB #14
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Summary for Pond 17P: PDMH #17

Inflow Area = 0.505 ac, 63.49% Impervious,  Inflow Depth = 4.36"    for  10-yr event
Inflow = 2.41 cfs @ 12.09 hrs,  Volume= 0.183 af
Outflow = 2.41 cfs @ 12.09 hrs,  Volume= 0.183 af,  Atten= 0%,  Lag= 0.0 min
Primary = 2.41 cfs @ 12.09 hrs,  Volume= 0.183 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 25.68' @ 12.09 hrs
Flood Elev= 30.75'

Device Routing     Invert Outlet Devices
#1 Primary 24.60' 12.0"  Round Culvert   

L= 84.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 24.60' / 24.18'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013,  Flow Area= 0.79 sf   

Primary OutFlow  Max=2.36 cfs @ 12.09 hrs  HW=25.66'   (Free Discharge)
1=Culvert  (Barrel Controls 2.36 cfs @ 3.53 fps)

Pond 17P: PDMH #17
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Summary for Pond 18P: PDMH #15

Inflow Area = 0.505 ac, 63.49% Impervious,  Inflow Depth = 4.36"    for  10-yr event
Inflow = 2.41 cfs @ 12.09 hrs,  Volume= 0.183 af
Outflow = 2.41 cfs @ 12.09 hrs,  Volume= 0.183 af,  Atten= 0%,  Lag= 0.0 min
Primary = 2.41 cfs @ 12.09 hrs,  Volume= 0.183 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 24.98' @ 12.09 hrs
Flood Elev= 30.00'

Device Routing     Invert Outlet Devices
#1 Primary 24.08' 12.0"  Round Culvert   

L= 117.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 24.08' / 17.00'   S= 0.0605 '/'   Cc= 0.900   
n= 0.013,  Flow Area= 0.79 sf   

Primary OutFlow  Max=2.36 cfs @ 12.09 hrs  HW=24.97'   (Free Discharge)
1=Culvert  (Inlet Controls 2.36 cfs @ 3.20 fps)

Pond 18P: PDMH #15
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Summary for Pond 19P: Raingarden #1

Inflow Area = 2.276 ac, 29.67% Impervious,  Inflow Depth = 3.55"    for  10-yr event
Inflow = 6.20 cfs @ 12.20 hrs,  Volume= 0.674 af
Outflow = 6.12 cfs @ 12.24 hrs,  Volume= 0.650 af,  Atten= 1%,  Lag= 2.4 min
Primary = 0.12 cfs @ 12.24 hrs,  Volume= 0.138 af
Secondary = 6.00 cfs @ 12.24 hrs,  Volume= 0.512 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 18.38' @ 12.24 hrs   Surf.Area= 3,364 sf   Storage= 3,949 cf

Plug-Flow detention time= 99.6 min calculated for 0.649 af (96% of inflow)
Center-of-Mass det. time= 80.5 min ( 899.0 - 818.5 )

Volume Invert Avail.Storage Storage Description
#1 14.00' 6,360 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Voids Inc.Store Cum.Store
(feet) (sq-ft) (%) (cubic-feet) (cubic-feet)
14.00 1,240 0.0 0 0
15.25 1,240 40.0 620 620
15.50 1,240 33.0 102 722
17.00 1,240 5.0 93 815
18.00 2,715 100.0 1,978 2,793
19.00 4,420 100.0 3,568 6,360

Device Routing     Invert Outlet Devices
#1 Primary 14.50' 6.0"  Round Culvert   L= 47.0'   Ke= 0.500   

Inlet / Outlet Invert= 14.50' / 14.03'   S= 0.0100 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#2 Device 1 17.00' 2.410 in/hr Exfiltration over Surface area above 17.00'   
Excluded Surface area = 1,240 sf   

#3 Secondary 18.00' 10.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   
Head (feet)  0.20  0.40  0.60  0.80  1.00  1.20  1.40  1.60   
Coef. (English)  2.49  2.56  2.70  2.69  2.68  2.69  2.67  2.64   

Primary OutFlow  Max=0.12 cfs @ 12.24 hrs  HW=18.38'   (Free Discharge)
1=Culvert  (Passes 0.12 cfs of 1.43 cfs potential flow)

2=Exfiltration  (Exfiltration Controls 0.12 cfs)

Secondary OutFlow  Max=5.96 cfs @ 12.24 hrs  HW=18.38'   (Free Discharge)
3=Broad-Crested Rectangular Weir  (Weir Controls 5.96 cfs @ 1.57 fps)
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Pond 19P: Raingarden #1

Inflow
Outflow
Primary
Secondary

Hydrograph

Time  (hours)
3635343332313029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

6

5

4

3

2

1

0

Inflow Area=2.276 ac
Peak Elev=18.38'
Storage=3,949 cf

6.20 cfs
6.12 cfs

0.12 cfs

6.00 cfs



10S

Roadway

11S

Roadway

13S

Roadway

14S

Roadway

15S

19S

16S

Cul-de-sac
20S

Remaining Land

16R

Outfall

100R

POA #1

10P
CB

PCB #10

11P
CB

PCB #11

12P
CB

PDMH #13

13P
CB

PCB #12

14P
CB

PCB #13

15P
CB

PDMH #15

16P
CB

PCB #14

17P
CB

PDMH #17

18P
CB

PDMH #15

19P

Raingarden #1

Routing Diagram for 5090 Post
Prepared by Altus Engineering, Inc.,  Printed 1/19/2021

HydroCAD® 10.00-25  s/n 01222  © 2019 HydroCAD Software Solutions LLC

Subcat Reach Pond Link



Type III 24-hr  25-yr Rainfall=7.10"5090 Post
  Printed  1/19/2021Prepared by Altus Engineering, Inc.

Page 4HydroCAD® 10.00-25  s/n 01222  © 2019 HydroCAD Software Solutions LLC

Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=4,876 sf   59.56% Impervious   Runoff Depth=5.69"Subcatchment 10S: Roadway
   Tc=6.0 min   CN=88   Runoff=0.70 cfs  0.053 af

Runoff Area=6,718 sf   62.13% Impervious   Runoff Depth=5.81"Subcatchment 11S: Roadway
   Tc=6.0 min   CN=89   Runoff=0.97 cfs  0.075 af

Runoff Area=3,183 sf   56.17% Impervious   Runoff Depth=5.58"Subcatchment 13S: Roadway
   Tc=6.0 min   CN=87   Runoff=0.45 cfs  0.034 af

Runoff Area=2,407 sf   100.00% Impervious   Runoff Depth=6.86"Subcatchment 14S: Roadway
   Tc=6.0 min   CN=98   Runoff=0.38 cfs  0.032 af

Runoff Area=77,120 sf   20.03% Impervious   Runoff Depth=4.68"Subcatchment 15S: 19S
   Flow Length=480'   Tc=17.3 min   CN=79   Runoff=6.87 cfs  0.690 af

Runoff Area=4,819 sf   55.95% Impervious   Runoff Depth=5.58"Subcatchment 16S: Cul-de-sac
   Tc=6.0 min   CN=87   Runoff=0.68 cfs  0.051 af

Runoff Area=52,115 sf   0.00% Impervious   Runoff Depth=3.81"Subcatchment 20S: Remaining Land
   Flow Length=175'   Tc=8.5 min   CN=71   Runoff=4.83 cfs  0.380 af

Avg. Flow Depth=0.09'   Max Vel=0.80 fps   Inflow=0.13 cfs  0.146 afReach 16R: Outfall
n=0.100   L=75.0'   S=0.1200 '/'   Capacity=4.89 cfs   Outflow=0.13 cfs  0.146 af

Avg. Flow Depth=0.35'   Max Vel=2.26 fps   Inflow=12.63 cfs  1.290 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=12.63 cfs  1.290 af

Peak Elev=26.57'   Inflow=0.70 cfs  0.053 afPond 10P: PCB #10
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.70 cfs  0.053 af

Peak Elev=26.68'   Inflow=0.97 cfs  0.075 afPond 11P: PCB #11
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.97 cfs  0.075 af

Peak Elev=26.72'   Inflow=1.67 cfs  0.128 afPond 12P: PDMH #13
12.0"  Round Culvert  n=0.013  L=155.0'  S=0.0050 '/'   Outflow=1.67 cfs  0.128 af

Peak Elev=27.49'   Inflow=0.45 cfs  0.034 afPond 13P: PCB #12
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.45 cfs  0.034 af

Peak Elev=27.46'   Inflow=0.38 cfs  0.032 afPond 14P: PCB #13
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.38 cfs  0.032 af

Peak Elev=26.15'   Inflow=2.50 cfs  0.193 afPond 15P: PDMH #15
12.0"  Round Culvert  n=0.013  L=67.0'  S=0.0051 '/'   Outflow=2.50 cfs  0.193 af

Peak Elev=27.00'   Inflow=0.68 cfs  0.051 afPond 16P: PCB #14
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.68 cfs  0.051 af
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Peak Elev=26.24'   Inflow=3.18 cfs  0.245 afPond 17P: PDMH #17
12.0"  Round Culvert  n=0.013  L=84.0'  S=0.0050 '/'   Outflow=3.18 cfs  0.245 af

Peak Elev=25.28'   Inflow=3.18 cfs  0.245 afPond 18P: PDMH #15
12.0"  Round Culvert  n=0.013  L=117.0'  S=0.0605 '/'   Outflow=3.18 cfs  0.245 af

Peak Elev=18.47'  Storage=4,250 cf   Inflow=8.57 cfs  0.935 afPond 19P: Raingarden #1
   Primary=0.13 cfs  0.146 af   Secondary=8.36 cfs  0.764 af   Outflow=8.49 cfs  0.911 af

Total Runoff Area = 3.472 ac   Runoff Volume = 1.314 af   Average Runoff Depth = 4.54"
80.55% Pervious = 2.797 ac     19.45% Impervious = 0.675 ac
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Time span=0.00-36.00 hrs, dt=0.05 hrs, 721 points
Runoff by SCS TR-20 method, UH=SCS, Weighted-CN

Reach routing by Stor-Ind+Trans method  -  Pond routing by Stor-Ind method

Runoff Area=4,876 sf   59.56% Impervious   Runoff Depth=7.06"Subcatchment 10S: Roadway
   Tc=6.0 min   CN=88   Runoff=0.85 cfs  0.066 af

Runoff Area=6,718 sf   62.13% Impervious   Runoff Depth=7.18"Subcatchment 11S: Roadway
   Tc=6.0 min   CN=89   Runoff=1.19 cfs  0.092 af

Runoff Area=3,183 sf   56.17% Impervious   Runoff Depth=6.94"Subcatchment 13S: Roadway
   Tc=6.0 min   CN=87   Runoff=0.55 cfs  0.042 af

Runoff Area=2,407 sf   100.00% Impervious   Runoff Depth=8.26"Subcatchment 14S: Roadway
   Tc=6.0 min   CN=98   Runoff=0.45 cfs  0.038 af

Runoff Area=77,120 sf   20.03% Impervious   Runoff Depth=5.98"Subcatchment 15S: 19S
   Flow Length=480'   Tc=17.3 min   CN=79   Runoff=8.72 cfs  0.882 af

Runoff Area=4,819 sf   55.95% Impervious   Runoff Depth=6.94"Subcatchment 16S: Cul-de-sac
   Tc=6.0 min   CN=87   Runoff=0.84 cfs  0.064 af

Runoff Area=52,115 sf   0.00% Impervious   Runoff Depth=5.02"Subcatchment 20S: Remaining Land
   Flow Length=175'   Tc=8.5 min   CN=71   Runoff=6.36 cfs  0.500 af

Avg. Flow Depth=0.09'   Max Vel=0.81 fps   Inflow=0.13 cfs  0.153 afReach 16R: Outfall
n=0.100   L=75.0'   S=0.1200 '/'   Capacity=4.89 cfs   Outflow=0.13 cfs  0.153 af

Avg. Flow Depth=0.40'   Max Vel=2.44 fps   Inflow=16.20 cfs  1.660 afReach 100R: POA #1
n=0.025   L=1.0'   S=0.0100 '/'   Capacity=120.83 cfs   Outflow=16.20 cfs  1.660 af

Peak Elev=26.63'   Inflow=0.85 cfs  0.066 afPond 10P: PCB #10
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=0.85 cfs  0.066 af

Peak Elev=26.75'   Inflow=1.19 cfs  0.092 afPond 11P: PCB #11
12.0"  Round Culvert  n=0.013  L=8.0'  S=0.0050 '/'   Outflow=1.19 cfs  0.092 af

Peak Elev=26.85'   Inflow=2.04 cfs  0.158 afPond 12P: PDMH #13
12.0"  Round Culvert  n=0.013  L=155.0'  S=0.0050 '/'   Outflow=2.04 cfs  0.158 af

Peak Elev=27.54'   Inflow=0.55 cfs  0.042 afPond 13P: PCB #12
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.55 cfs  0.042 af

Peak Elev=27.49'   Inflow=0.45 cfs  0.038 afPond 14P: PCB #13
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.45 cfs  0.038 af

Peak Elev=26.55'   Inflow=3.05 cfs  0.238 afPond 15P: PDMH #15
12.0"  Round Culvert  n=0.013  L=67.0'  S=0.0051 '/'   Outflow=3.05 cfs  0.238 af

Peak Elev=27.06'   Inflow=0.84 cfs  0.064 afPond 16P: PCB #14
12.0"  Round Culvert  n=0.013  L=5.0'  S=0.0100 '/'   Outflow=0.84 cfs  0.064 af
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Peak Elev=26.74'   Inflow=3.88 cfs  0.302 afPond 17P: PDMH #17
12.0"  Round Culvert  n=0.013  L=84.0'  S=0.0050 '/'   Outflow=3.88 cfs  0.302 af

Peak Elev=25.63'   Inflow=3.88 cfs  0.302 afPond 18P: PDMH #15
12.0"  Round Culvert  n=0.013  L=117.0'  S=0.0605 '/'   Outflow=3.88 cfs  0.302 af

Peak Elev=18.54'  Storage=4,510 cf   Inflow=10.80 cfs  1.184 afPond 19P: Raingarden #1
   Primary=0.13 cfs  0.153 af   Secondary=10.57 cfs  1.007 af   Outflow=10.71 cfs  1.160 af

Total Runoff Area = 3.472 ac   Runoff Volume = 1.684 af   Average Runoff Depth = 5.82"
80.55% Pervious = 2.797 ac     19.45% Impervious = 0.675 ac
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Summary for Subcatchment 10S: Roadway

Runoff = 0.85 cfs @ 12.09 hrs,  Volume= 0.066 af,  Depth= 7.06"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"

Area (sf) CN Description
2,904 98 Paved parking, HSG C

0 98 Roofs, HSG C
1,972 74 >75% Grass cover, Good, HSG C
4,876 88 Weighted Average
1,972 40.44% Pervious Area
2,904 59.56% Impervious Area

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

6.0 Direct Entry, 

Summary for Subcatchment 11S: Roadway

Runoff = 1.19 cfs @ 12.09 hrs,  Volume= 0.092 af,  Depth= 7.18"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"

Area (sf) CN Description
3,359 98 Paved parking, HSG C

815 98 Roofs, HSG C
2,544 74 >75% Grass cover, Good, HSG C
6,718 89 Weighted Average
2,544 37.87% Pervious Area
4,174 62.13% Impervious Area

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

6.0 Direct Entry, 

Summary for Subcatchment 12S: Roadway

Runoff = 0.55 cfs @ 12.09 hrs,  Volume= 0.042 af,  Depth= 6.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"
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Area (sf) CN Description
1,788 98 Paved parking, HSG C

0 98 Roofs, HSG C
1,395 74 >75% Grass cover, Good, HSG C
3,183 87 Weighted Average
1,395 43.83% Pervious Area
1,788 56.17% Impervious Area

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

6.0 Direct Entry, 

Summary for Subcatchment 13S: Roadway

Runoff = 0.45 cfs @ 12.09 hrs,  Volume= 0.038 af,  Depth= 8.26"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"

Area (sf) CN Description
2,407 98 Paved parking, HSG C

0 98 Roofs, HSG C
0 74 >75% Grass cover, Good, HSG C

2,407 98 Weighted Average
2,407 100.00% Impervious Area

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

6.0 Direct Entry, 

Summary for Subcatchment 14S: Cul-de-sac

Runoff = 0.84 cfs @ 12.09 hrs,  Volume= 0.064 af,  Depth= 6.94"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"

Area (sf) CN Description
2,696 98 Paved parking, HSG C

0 98 Roofs, HSG C
2,123 74 >75% Grass cover, Good, HSG C
4,819 87 Weighted Average
2,123 44.05% Pervious Area
2,696 55.95% Impervious Area

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

6.0 Direct Entry, 
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Summary for Subcatchment 15S: Home Sites

Runoff = 8.72 cfs @ 12.23 hrs,  Volume= 0.882 af,  Depth= 5.98"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"

Area (sf) CN Description
5,444 98 Paved parking, HSG C

10,000 98 Roofs, HSG C
61,676 74 >75% Grass cover, Good, HSG C
77,120 79 Weighted Average
61,676 79.97% Pervious Area
15,444 20.03% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.2 100 0.0400 0.11 Sheet Flow, 

Woods: Light underbrush   n= 0.400   P2= 3.69"
2.0 315 0.0300 2.60 Shallow Concentrated Flow, 

Grassed Waterway   Kv= 15.0 fps
0.1 65 0.0600 10.80 45.37 Channel Flow, 

Area= 4.2 sf  Perim= 5.0'  r= 0.84'
n= 0.030  Earth, grassed & winding

17.3 480 Total

Summary for Subcatchment 20S: Remaining Land

Runoff = 6.36 cfs @ 12.12 hrs,  Volume= 0.500 af,  Depth= 5.02"

Runoff by SCS TR-20 method, UH=SCS, Weighted-CN, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Type III 24-hr  50-yr Rainfall=8.50"

Area (sf) CN Description
40,658 70 Woods, Good, HSG C
11,457 74 >75% Grass cover, Good, HSG C
52,115 71 Weighted Average
52,115 100.00% Pervious Area

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

2.2 35 0.0850 0.26 Sheet Flow, 
Grass: Short   n= 0.150   P2= 3.69"

5.3 50 0.1400 0.16 Sheet Flow, 
Woods: Light underbrush   n= 0.400   P2= 3.69"

1.0 90 0.0900 1.50 Shallow Concentrated Flow, 
Woodland   Kv= 5.0 fps

8.5 175 Total
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Summary for Reach 16R: Outfall

Inflow Area = 2.276 ac, 29.67% Impervious,  Inflow Depth > 0.81"    for  50-yr event
Inflow = 0.13 cfs @ 12.23 hrs,  Volume= 0.153 af
Outflow = 0.13 cfs @ 12.27 hrs,  Volume= 0.153 af,  Atten= 0%,  Lag= 2.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.81 fps,  Min. Travel Time= 1.5 min
Avg. Velocity = 0.64 fps,  Avg. Travel Time= 2.0 min

Peak Storage= 12 cf @ 12.25 hrs
Average Depth at Peak Storage= 0.09'
Bank-Full Depth= 0.50'  Flow Area= 2.0 sf,  Capacity= 4.89 cfs

6.00'  x  0.50'  deep Parabolic Channel,  n= 0.100  Earth, dense brush, high stage
Length= 75.0'   Slope= 0.1200 '/'
Inlet Invert= 14.00',  Outlet Invert= 5.00'

‡

Summary for Reach 100R: POA #1

Inflow Area = 3.472 ac, 19.45% Impervious,  Inflow Depth > 5.74"    for  50-yr event
Inflow = 16.20 cfs @ 12.16 hrs,  Volume= 1.660 af
Outflow = 16.20 cfs @ 12.16 hrs,  Volume= 1.660 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.44 fps,  Min. Travel Time= 0.0 min
Avg. Velocity = 0.69 fps,  Avg. Travel Time= 0.0 min

Peak Storage= 7 cf @ 12.16 hrs
Average Depth at Peak Storage= 0.40'
Bank-Full Depth= 1.00'  Flow Area= 26.7 sf,  Capacity= 120.83 cfs

40.00'  x  1.00'  deep Parabolic Channel,  n= 0.025  Earth, clean & winding
Length= 1.0'   Slope= 0.0100 '/'
Inlet Invert= 1.00',  Outlet Invert= 0.99'

‡
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Summary for Pond 10P: PCB #10

Inflow Area = 0.112 ac, 59.56% Impervious,  Inflow Depth = 7.06"    for  50-yr event
Inflow = 0.85 cfs @ 12.09 hrs,  Volume= 0.066 af
Outflow = 0.85 cfs @ 12.09 hrs,  Volume= 0.066 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.85 cfs @ 12.09 hrs,  Volume= 0.066 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.66' @ 12.09 hrs
Flood Elev= 28.57'

Device Routing     Invert Outlet Devices
#1 Primary 26.08' 12.0"  Round Culvert   

L= 16.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 26.08' / 26.00'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.83 cfs @ 12.09 hrs  HW=26.65'   (Free Discharge)
1=Culvert  (Barrel Controls 0.83 cfs @ 2.62 fps)

Summary for Pond 11P: PCB #11

Inflow Area = 0.266 ac, 61.05% Impervious,  Inflow Depth = 7.13"    for  50-yr event
Inflow = 2.04 cfs @ 12.09 hrs,  Volume= 0.158 af
Outflow = 2.04 cfs @ 12.09 hrs,  Volume= 0.158 af,  Atten= 0%,  Lag= 0.0 min
Primary = 2.04 cfs @ 12.09 hrs,  Volume= 0.158 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.83' @ 12.09 hrs
Flood Elev= 28.57'

Device Routing     Invert Outlet Devices
#1 Primary 25.90' 12.0"  Round Culvert   

L= 167.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 25.90' / 25.06'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=1.99 cfs @ 12.09 hrs  HW=26.81'   (Free Discharge)
1=Culvert  (Barrel Controls 1.99 cfs @ 3.47 fps)

Summary for Pond 12P: PCB #12

Inflow Area = 0.394 ac, 65.60% Impervious,  Inflow Depth = 7.25"    for  50-yr event
Inflow = 3.05 cfs @ 12.09 hrs,  Volume= 0.238 af
Outflow = 3.05 cfs @ 12.09 hrs,  Volume= 0.238 af,  Atten= 0%,  Lag= 0.0 min
Primary = 3.05 cfs @ 12.09 hrs,  Volume= 0.238 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.47' @ 12.09 hrs
Flood Elev= 30.13'
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Device Routing     Invert Outlet Devices
#1 Primary 24.96' 12.0"  Round Culvert   

L= 64.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 24.96' / 24.64'   S= 0.0050 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=2.97 cfs @ 12.09 hrs  HW=26.42'   (Free Discharge)
1=Culvert  (Barrel Controls 2.97 cfs @ 3.78 fps)

Summary for Pond 13P: PCB #13

Inflow Area = 0.055 ac,100.00% Impervious,  Inflow Depth = 8.26"    for  50-yr event
Inflow = 0.45 cfs @ 12.09 hrs,  Volume= 0.038 af
Outflow = 0.45 cfs @ 12.09 hrs,  Volume= 0.038 af,  Atten= 0%,  Lag= 0.0 min
Primary = 0.45 cfs @ 12.09 hrs,  Volume= 0.038 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.99' @ 12.09 hrs
Flood Elev= 30.13'

Device Routing     Invert Outlet Devices
#1 Primary 26.63' 12.0"  Round Culvert   

L= 16.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 26.63' / 26.47'   S= 0.0100 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=0.44 cfs @ 12.09 hrs  HW=26.99'   (Free Discharge)
1=Culvert  (Barrel Controls 0.44 cfs @ 2.57 fps)

Summary for Pond 14P: PCB #14

Inflow Area = 0.505 ac, 63.49% Impervious,  Inflow Depth = 7.18"    for  50-yr event
Inflow = 3.88 cfs @ 12.09 hrs,  Volume= 0.302 af
Outflow = 3.88 cfs @ 12.09 hrs,  Volume= 0.302 af,  Atten= 0%,  Lag= 0.0 min
Primary = 3.88 cfs @ 12.09 hrs,  Volume= 0.302 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 26.69' @ 12.09 hrs
Flood Elev= 28.50'

Device Routing     Invert Outlet Devices
#1 Primary 24.54' 12.0"  Round Culvert   

L= 85.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 24.54' / 24.11'   S= 0.0051 '/'   Cc= 0.900   
n= 0.013  Corrugated PE, smooth interior,  Flow Area= 0.79 sf   

Primary OutFlow  Max=3.78 cfs @ 12.09 hrs  HW=26.61'   (Free Discharge)
1=Culvert  (Barrel Controls 3.78 cfs @ 4.82 fps)



Type III 24-hr  50-yr Rainfall=8.50"5090 Post
  Printed  1/6/2021Prepared by Altus Engineering, Inc.

Page 42HydroCAD® 10.00-25  s/n 01222  © 2019 HydroCAD Software Solutions LLC

Summary for Pond 15P: PDMH #15

Inflow Area = 0.505 ac, 63.49% Impervious,  Inflow Depth = 7.18"    for  50-yr event
Inflow = 3.88 cfs @ 12.09 hrs,  Volume= 0.302 af
Outflow = 3.88 cfs @ 12.09 hrs,  Volume= 0.302 af,  Atten= 0%,  Lag= 0.0 min
Primary = 3.88 cfs @ 12.09 hrs,  Volume= 0.302 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 25.56' @ 12.09 hrs
Flood Elev= 30.00'

Device Routing     Invert Outlet Devices
#1 Primary 24.01' 12.0"  Round Culvert   

L= 117.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 24.01' / 17.00'   S= 0.0599 '/'   Cc= 0.900   
n= 0.013,  Flow Area= 0.79 sf   

Primary OutFlow  Max=3.78 cfs @ 12.09 hrs  HW=25.51'   (Free Discharge)
1=Culvert  (Inlet Controls 3.78 cfs @ 4.82 fps)

Summary for Pond 16P: Raingarden #1

Inflow Area = 2.276 ac, 29.67% Impervious,  Inflow Depth = 6.24"    for  50-yr event
Inflow = 10.80 cfs @ 12.20 hrs,  Volume= 1.184 af
Outflow = 10.71 cfs @ 12.23 hrs,  Volume= 1.160 af,  Atten= 1%,  Lag= 2.0 min
Primary = 0.13 cfs @ 12.23 hrs,  Volume= 0.153 af
Secondary = 10.57 cfs @ 12.23 hrs,  Volume= 1.007 af

Routing by Stor-Ind method, Time Span= 0.00-36.00 hrs, dt= 0.05 hrs
Peak Elev= 18.54' @ 12.23 hrs   Surf.Area= 3,637 sf   Storage= 4,510 cf

Plug-Flow detention time= 63.1 min calculated for 1.158 af (98% of inflow)
Center-of-Mass det. time= 52.0 min ( 855.6 - 803.7 )

Volume Invert Avail.Storage Storage Description
#1 14.00' 6,360 cf Custom Stage Data (Prismatic) Listed below (Recalc)

Elevation Surf.Area Voids Inc.Store Cum.Store
(feet) (sq-ft) (%) (cubic-feet) (cubic-feet)
14.00 1,240 0.0 0 0
15.25 1,240 40.0 620 620
15.50 1,240 33.0 102 722
17.00 1,240 5.0 93 815
18.00 2,715 100.0 1,978 2,793
19.00 4,420 100.0 3,568 6,360

Device Routing     Invert Outlet Devices
#1 Primary 14.50' 6.0"  Round Culvert   L= 47.0'   Ke= 0.500   

Inlet / Outlet Invert= 14.50' / 14.03'   S= 0.0100 '/'   Cc= 0.900   
n= 0.012,  Flow Area= 0.20 sf   

#2 Device 1 17.00' 2.410 in/hr Exfiltration over Surface area above 17.00'   
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Excluded Surface area = 1,240 sf   
#3 Secondary 18.00' 10.0' long  x 10.0' breadth Broad-Crested Rectangular Weir   

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

Primary OutFlow  Max=0.13 cfs @ 12.23 hrs  HW=18.54'   (Free Discharge)
1=Culvert  (Passes 0.13 cfs of 1.46 cfs potential flow)

2=Exfiltration  (Exfiltration Controls 0.13 cfs)

Secondary OutFlow  Max=10.50 cfs @ 12.23 hrs  HW=18.54'   (Free Discharge)
3=Broad-Crested Rectangular Weir  (Weir Controls 10.50 cfs @ 1.95 fps)
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Type/Node Name:
Enter the type of filtration practice (e.g., bioretention system) and the node name in the drainage analysis, if applicable

Yes Have you reviewed the restrictions on unlined systems outlined in Env-Wq 1508.07(a)?
2.25         ac A = Area draining to the practice
0.68         ac AI = Impervious area draining to the practice
0.30         decimal I = percent impervious area draining to the practice, in decimal form
0.32         unitless Rv = Runoff coefficient = 0.05 + (0.9 x I)
0.72         ac-in WQV= 1” x Rv x A

2,630       cf WQV conversion (ac-in x 43,560 sf/ac x 1ft/12”)
657          cf 25% x WQV (check calc for sediment forebay volume)

1,972       cf 75% x WQV (check calc for surface sand filter volume)
Method of Pretreatment? (not required for clean or roof runoff)

cf VSED = sediment forebay volume, if used for pretreatment   > 25%WQV
2,427       sf ASA = surface area of the practice

-          iph KsatDESIGN = design infiltration rate1

Yes Yes/No If Ksat (prior to factor of safety) is < 0.50 iph, has an underdrain been provided?
- hours TDRAIN = drain time = V / (ASA * IDESIGN)  < 72-hrs

15.50       feet EFC = elevation of the bottom of the filter course material2

14.50       feet EUD = invert elevation of the underdrain (UD), if applicable
12.00       feet ESHWT = elevation of SHWT (if none found, enter the lowest elevation of the test pit)
12.00       feet EROCK = elevation of bedrock (if none found, enter the lowest elevation of the test pit)
1.00         feet DFC to UD = depth to UD from the bottom of the filter course  > 1'
3.50         feet DFC to ROCK = depth to bedrock from the bottom of the filter course  > 1'
3.50         feet DFC to SHWT = depth to SHWT from the bottom of the filter course  > 1'

18.54       ft Peak elevation of the 50-year storm event (infiltration can be used in analysis)
19.00       ft Elevation of the top of the practice

YES 50 peak elevation < Elevation of the top of the practice  yes
If a surface sand filter or underground sand filter is proposed:

YES ac Drainage Area check.  < 10 ac
cf V = volume of storage3 (attach a stage-storage table)   > 75%WQV

inches DFC = filter course thickness
 18", or 24" if 
within GPA

Sheet Note what sheet in the plan set contains the filter course specification
Yes/No Access grate provided?  yes

FILTRATION PRACTICE DESIGN CRITERIA
(Env-Wq 1508.07)

Deep Sump CB

Pond 16P - Raingarden 1



If a bioretention area is proposed:
YES ac Drainage Area no larger than 5 ac?  yes

2,793       cf V = volume of storage3 (attach a stage-storage table)   > WQV

18.0         
inches DFC = filter course thickness

 18", or 24" if 
within GPA

Sheet Note what sheet in the plan set contains the filter course specification
3.0 :1 Pond side slopes  >3:1

Sheet Note what sheet in the plan set contains the planting plans and surface cover
If porous pavement is proposed:

Type of pavement proposed (concrete? Asphalt? Pavers? Etc)
acres ASA = surface area of the pervious pavement

:1 ratio of the contributing area to the pervious surface area  ≤ 5:1

inches DFC = filter course thickness  12", or 18" if 
within GPA

Sheet Note what sheet in the plan set contains the filter course spec.  304.1 sand

                                                                                                                    y 
2019

Designer's Notes:

3.  Volume without depending on infiltration.   The volume includes the storage above the filter (but below the 
invert of the outlet stucture, if any), the filter media voids, and the pretreatment area. The storage above the 
filter media shall not include the volume above the outlet structure, if any.

2.  See lines 34, 40 and 48 for required depths of filter media.

1. Rate of the limiting layer (either the filter course or the underlying soil). Ksatdesign includes factor of safey. 
See Env-Wq 1504.14 for guidance on determining the infiltration rate.



Location:

Date: 12/31/2020 By: EBS

La Apron Length, Ft. Calculated
Tw Tailwater, Ft. 1.4
Q Flow, 10 Yr Storm, CFS 2.41
D50 Median Stone Dia., Ft. Calculated
D Depth of Stone, In Calculated
Do Pipe Diameter, Ft 1.00
W1 Width @ Start, Ft. Calculated
W2 Width @ End, Ft Calculated
W Width of Channel 5

 

W1:
3(Do)= 3 Ft.

Width @ Start: 3 Ft.

D50: 0.02(Q)4/3 D50= 0.05 Ft.
Tw(Do)

or 0.6 In.

Median Stone Size: 6 In.

D: 2.25*D50 Depth of Riprap: 14 In.

La: If Tw<= Do/2: Do/2= 0.5 Ft.
La=1.8Q/Do3/2 + 7Do Tw= 1.38 Ft.

and W2=width of channel
or  

 W2=3Do+La  

If Tw>Do/2:
La=3Q/Do3/2 + 7Do

and W2=width of channel
or Length of Apron: 15 Ft.

W2=3Do+0.4La Width @ End: 5 Ft.

RIPRAP CALCULATIONS

PDMH #15 - 12" Culvert (HydroCAD Pond #15P)
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Extreme Precipitation Tables
Northeast Regional Climate Center
Data represents point estimates calculated from partial duration series. All precipitation amounts are displayed in inches.

Smoothing Yes

State New Hampshire

Location

Longitude 70.763 degrees West

Latitude 43.072 degrees North

Elevation 0 feet

Date/Time Wed, 23 Dec 2020 12:00:25 -0500

Extreme Precipitation Estimates
5min 10min 15min 30min 60min 120min 1hr 2hr 3hr 6hr 12hr 24hr 48hr 1day 2day 4day 7day 10day

1yr 0.26 0.40 0.50 0.65 0.81 1.04 1yr 0.70 0.98 1.21 1.56 2.03 2.66 2.92 1yr 2.35 2.81 3.22 3.94 4.55 1yr

2yr 0.32 0.50 0.62 0.81 1.02 1.30 2yr 0.88 1.18 1.52 1.94 2.49 3.21 3.57 2yr 2.84 3.43 3.94 4.68 5.33 2yr

5yr 0.37 0.58 0.73 0.98 1.25 1.61 5yr 1.08 1.47 1.89 2.43 3.14 4.07 4.58 5yr 3.60 4.40 5.04 5.94 6.70 5yr

10yr 0.41 0.65 0.82 1.12 1.45 1.89 10yr 1.25 1.73 2.23 2.89 3.75 4.87 5.53 10yr 4.31 5.32 6.09 7.11 7.98 10yr

25yr 0.48 0.76 0.97 1.34 1.77 2.34 25yr 1.53 2.14 2.78 3.63 4.74 6.17 7.10 25yr 5.46 6.83 7.80 9.03 10.05 25yr

50yr 0.54 0.86 1.10 1.54 2.07 2.76 50yr 1.79 2.53 3.29 4.32 5.66 7.39 8.58 50yr 6.54 8.25 9.42 10.81 11.98 50yr

100yr 0.60 0.97 1.25 1.77 2.42 3.26 100yr 2.09 2.98 3.90 5.16 6.77 8.85 10.38 100yr 7.83 9.98 11.38 12.96 14.27 100yr

200yr 0.67 1.10 1.43 2.05 2.82 3.83 200yr 2.44 3.52 4.62 6.13 8.08 10.61 12.55 200yr 9.39 12.07 13.76 15.55 17.02 200yr

500yr 0.80 1.31 1.71 2.48 3.48 4.76 500yr 3.00 4.38 5.76 7.70 10.22 13.48 16.14 500yr 11.93 15.52 17.67 19.78 21.49 500yr

Lower Confidence Limits
5min 10min 15min 30min 60min 120min 1hr 2hr 3hr 6hr 12hr 24hr 48hr 1day 2day 4day 7day 10day

1yr 0.23 0.36 0.44 0.59 0.72 0.88 1yr 0.63 0.86 0.92 1.33 1.68 2.24 2.49 1yr 1.98 2.40 2.87 3.18 3.90 1yr

2yr 0.31 0.49 0.60 0.81 1.00 1.19 2yr 0.86 1.16 1.37 1.82 2.34 3.06 3.45 2yr 2.71 3.32 3.82 4.55 5.08 2yr

5yr 0.35 0.54 0.67 0.92 1.17 1.40 5yr 1.01 1.37 1.61 2.12 2.73 3.79 4.19 5yr 3.35 4.03 4.72 5.53 6.24 5yr

10yr 0.39 0.59 0.73 1.03 1.33 1.60 10yr 1.14 1.56 1.80 2.39 3.06 4.37 4.86 10yr 3.87 4.67 5.44 6.41 7.20 10yr

25yr 0.44 0.67 0.83 1.19 1.56 1.90 25yr 1.35 1.86 2.10 2.75 3.53 4.72 5.89 25yr 4.18 5.66 6.65 7.79 8.68 25yr

50yr 0.48 0.73 0.91 1.31 1.76 2.17 50yr 1.52 2.12 2.35 3.07 3.93 5.33 6.80 50yr 4.72 6.54 7.72 9.04 10.02 50yr

100yr 0.54 0.81 1.01 1.47 2.01 2.47 100yr 1.73 2.41 2.63 3.41 4.35 6.00 7.85 100yr 5.31 7.55 8.98 10.51 11.56 100yr

200yr 0.59 0.89 1.13 1.63 2.28 2.81 200yr 1.96 2.75 2.93 3.78 4.79 6.72 9.06 200yr 5.95 8.71 10.42 12.22 13.37 200yr

500yr 0.68 1.02 1.31 1.90 2.71 3.36 500yr 2.34 3.29 3.41 4.31 5.45 7.82 10.94 500yr 6.92 10.52 12.69 14.96 16.19 500yr

Upper Confidence Limits
5min 10min 15min 30min 60min 120min 1hr 2hr 3hr 6hr 12hr 24hr 48hr 1day 2day 4day 7day 10day

1yr 0.28 0.44 0.54 0.72 0.89 1.08 1yr 0.77 1.06 1.26 1.74 2.21 2.98 3.16 1yr 2.64 3.04 3.58 4.37 5.04 1yr

2yr 0.34 0.52 0.64 0.86 1.07 1.27 2yr 0.92 1.24 1.48 1.96 2.51 3.42 3.70 2yr 3.03 3.56 4.09 4.84 5.63 2yr

5yr 0.40 0.62 0.77 1.05 1.34 1.62 5yr 1.15 1.58 1.88 2.53 3.25 4.34 4.96 5yr 3.84 4.77 5.38 6.37 7.16 5yr

10yr 0.47 0.72 0.89 1.25 1.61 1.98 10yr 1.39 1.93 2.28 3.11 3.95 5.34 6.20 10yr 4.72 5.96 6.82 7.84 8.75 10yr

25yr 0.58 0.88 1.09 1.56 2.05 2.57 25yr 1.77 2.51 2.95 4.07 5.15 7.78 8.34 25yr 6.88 8.02 9.15 10.34 11.41 25yr

50yr 0.67 1.02 1.27 1.83 2.46 3.13 50yr 2.12 3.06 3.60 5.00 6.32 9.74 10.46 50yr 8.62 10.06 11.44 12.72 13.96 50yr

100yr 0.79 1.19 1.49 2.16 2.96 3.81 100yr 2.55 3.72 4.37 6.16 7.76 12.18 13.10 100yr 10.78 12.60 14.31 15.69 17.09 100yr

200yr 0.92 1.39 1.76 2.55 3.56 4.65 200yr 3.07 4.55 5.34 7.58 9.54 15.28 16.44 200yr 13.53 15.81 17.92 19.35 20.92 200yr

500yr 1.15 1.71 2.19 3.19 4.53 6.04 500yr 3.91 5.90 6.93 10.02 12.56 20.65 22.20 500yr 18.27 21.34 24.13 25.51 27.34 500yr

Extreme Precipitation Tables: 43.072°N, 70.763°W http://precip.eas.cornell.edu/data.php?1608742824674
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NRCS Soils Report 
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Section 8 
 
Stormwater Operations & Maintenance Plan 
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STORMWATER INSPECTION AND MAINTENANCE MANUAL 
 

1 Clark Drive 
Assessor’s Map 209, Lot 33 

 
 

OWNER: 
Frederick W. Watson Revocable Trust 

Robert D. Watson, Trustee 
53 Sleepy Hollow Drive 
Greenland, NH 03840 

 
 
Proper inspection, maintenance, and repair are key elements in maintaining a successful 
stormwater management program on a developed property.  Routine inspections ensure permit 
compliance and reduce the potential for deterioration of infrastructure or reduced water quality. 
The following responsible parties shall be in charge of managing the stormwater facilities: 
 
 
 
RESPONSIBLE PARTIES: 
 
 
Owner:  ________________________________________________________________  

  Name                                  Company              Phone  
 
 

Inspection:__________________________________________________________________ 
     Name                                  Company              Phone 
 
 

Maintenance:________________________________________________________________ 
        Name                        Company              Phone  

 
 
 
NOTE: Inspection and maintenance responsibilities transfer to future property owners.  
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RAINGARDENS  
Function – Raingardens and infiltration ponds provide treatment to runoff prior to directing it to 
stormwater systems by filtering sediment and suspended solids, trapping them in the bottom of the 
garden and in the filter media itself. Additional treatment is provided by the native water-tolerant 
vegetation which removes nutrients and other pollutants through bio-uptake.  Stormwater 
detention and infiltration can also be provided as the filtering process slows runoff, decreases the 
peak rate of discharge and promotes groundwater recharge. 
Detention ponds temporarily store runoff and allow for its controlled release during and after a 
storm event, decreasing peak rates of runoff and minimizing flooding.   
Raingardens shall be managed (Per AGR 3800 and RSA 430:53) to: prevent and control the spread 
of invasive plant, insect, and fungal species; minimize the adverse environmental and economic 
effects invasive species cause to agriculture, forests, wetlands, wildlife, and other natural resources 
of the state; and protect the public from potential health problems attributed to certain invasive 
species. 
Maintenance  

• Inspect annually and after significant rainfall event.  
• If a raingarden does not completely drain within 72-hours following a rainfall event, 
then a qualified professional should assess the condition of the facility to determine 
measures required to restore its filtration and/or infiltration function(s), including but 
not limited to removal of accumulated sediments and/or replacement or reconstruction 
of the filter media. 
• Replace any riprap dislodged from spillways, inlets and outlets. 
• Remove any obstructions, litter and accumulated sediment or debris as warranted 
but no less than once a year.  
• Mowing of any grassed area in or adjacent to a raingarden shall be performed at 
least twice per year (when areas are not inundated) to keep the vegetation in vigorous 
condition.  The cut grass shall be removed to prevent the decaying organic litter from 
clogging the filter media or choking other vegetation. 
• Select vegetation should be maintained in healthy condition.  This may include 
pruning, removal and replacement of dead or diseased vegetation.  
• Remove any invasive species, Per AGR 3800 and RSA 430:53. 
• Remove any hard wood growth from raingardens. 

 
 
CULVERTS AND DRAINAGE PIPES 
Function – Culverts and drainage pipes convey stormwater away from buildings, walkways, and 
parking areas and to surface waters or closed drainage systems.  

Maintenance  
• Culverts and drainage pipes shall be inspected semi-annually, or more often as 
needed, for accumulation of debris and structural integrity.  Leaves and other debris 
shall be removed from the inlet and outlet to insure the functionality of drainage 
structures.  Debris shall be disposed of on site where it will not concentrate back at the 
drainage structures or at a solid waste disposal facility. 
• Riprap Areas - Culvert outlets and inlets shall be inspected during annual 
maintenance and operations for erosion and scour.  If scour or creek erosion is 
identified, the outlet owner shall take appropriate means to prevent further erosion. 
Increased lengths of riprap may require a NHDES Permit and/or local permit.  
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CATCH BASINS  
Function – Catch basins collect stormwater, primarily from paved surfaces and roofs.  Stormwater 
from paved areas often contains sediment and contaminants.  Catch basin sumps serve to trap 
sediment, trace metals, nutrients and debris.  Hooded catch basins trap hydrocarbons and floating 
debris. 

Maintenance  
• Remove leaves and debris from structure grates on an as-needed basis. 
• Sumps shall be inspected and cleaned (as needed) on an annual basis to protect water 

quality and infiltration capacity.  Catch basin debris shall be disposed of at a solid waste 
disposal facility. 
 

 
LEVEL SPREADERS AND RIP RAP OUTLETS 
Function – Level spreaders and rip rap outlets covert concentrated stormwater flows into less-
erosive sheet flow, minimizing erosion and maximizing the treatment capabilities of associated 
buffers.  Vegetated buffers, either forested or meadow, slow runoff which promotes and reduces 
peak rates of runoff.  The reduced velocities and the presence of vegetation encourage the filtration 
of sediment and the limited bio-uptake of nutrients. 
 Maintenance 

• Inspect level spreaders and buffers at least annually for signs of erosion, sediment 
buildup, or vegetation loss.  
• Inspect level for signs of condensed flows. Level spreader and rip rap shall be 
maintained to disperse flows evenly over level spreader.  
• If a meadow buffer, provide periodic mowing as needed to maintain a healthy stand 
of herbaceous vegetation.  
• If a forested buffer, then the buffer should be maintained in an undisturbed 
condition, unless erosion occurs.  
• If erosion of the buffer (forested or meadow) occurs, eroded areas should be 
repaired and replanted with vegetation similar to the remaining buffer. Corrective 
action should include eliminating the source of the erosion problem and may require 
retrofit or reconstruction of the level spreader.  
• Remove debris and accumulated sediment and dispose of properly.  
 

 
VEGETATIVE SWALES  
Function – Vegetative swales filter sediment from stormwater, promote infiltration, and the uptake 
of contaminates.  They are designed to treat runoff and dispose of it safely into the natural drainage 
system.  

Maintenance  
• Timely maintenance is important to keep a swale in good working condition. 
Mowing of grassed swales shall be monthly to keep the vegetation in vigorous condition.  
The cut vegetation shall be removed to prevent the decaying organic litter from adding 
pollutants to the discharge from the swale.  
• Fertilizing shall be bi-annual or as recommended from soil testing.   
• Inspect swales following significant rainfall events. 
• Woody vegetation shall not be allowed to become established in the swales or rock 
riprap outlet protection and if present shall be removed.   
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• Accumulated debris disrupts flow and leads to clogging and erosion.  Remove debris 
and litter as necessary. 
• Inspect for eroded areas.  Determine cause of erosion and correct deficiency as 
required.  Monitor repaired areas. 
 
 

LANDSCAPED AREAS - FERTILIZER MANAGEMENT 
Function – Fertilizer management involves controlling the rate, timing and method of fertilizer 
application so that the nutrients are taken up by the plants thereby reducing the chance of polluting 
the surface and ground waters.  Fertilizer management can be effective in reducing the amounts of 
phosphorus and nitrogen in runoff from landscaped areas, particularly lawns.   

Maintenance  
• Have the soil tested by your landscaper or local Soil Conservation Service for nutrient 

requirements and follow the recommendations. 
• Do not apply fertilizer to frozen ground. 
• Clean up any fertilizer spills. 
• Do not allow fertilizer to be broadcast into water bodies. 
• When fertilizing a lawn, water thoroughly, but do not create a situation where water 

runs off the surface of the lawn. 
 
 

LANDSCAPED AREAS - LITTER CONTROL 
Function – Landscaped areas tend to filter debris and contaminates that may block drainage 
systems and pollute the surface and ground waters. 
 Maintenance  

• Litter Control and lawn maintenance involves removing litter such as trash, leaves, lawn 
clippings, pet wastes, oil and chemicals from streets, parking lots, and lawns before 
materials are transported into surface waters. 

• Litter control shall be implemented as part of the grounds maintenance program.   
 
 

DE-ICING CHEMICAL USE AND STORAGE 
Function – Sand and salt are used for de-icing of drives.   

Maintenance  
• Salt is highly water-soluble.  Contamination of fresh water wetlands and other sensitive 

areas can occur when salt is stored in open areas.  Salt piles shall be covered at all times 
if not stored in a shed.  Runoff from stockpiles shall be contained to keep the runoff from 
entering the drainage system. 

• When shared driveways and walks are free of snow and ice, they should be swept clean.  
Disposal shall be in a solid waste disposal facility. 

• Salt use shall be minimized.  Sand shall be used for de-icing activities when possible.  
Salt is highly water-soluble.  Contamination of fresh water wetlands and other sensitive 
areas can occur when salt is stored in open areas.  Owner shall not store salt piles on 
site.   
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CONTROL OF INVASIVE PLANTS 
Function – Invasive plants are introduced, alien, or non-native plants, which have been moved by 
people from their native habitat to a new area.  Some exotic plants are imported for human use 
such as landscaping, erosion control, or food crops.  They also can arrive as "hitchhikers" among 
shipments of other plants, seeds, packing materials, or fresh produce.  Some exotic plants become 
invasive and cause harm by:  

• becoming weedy and overgrown;  
• killing established shade trees;  
• obstructing pipes and drainage systems;  
• forming dense beds in water;  
• lowering water levels in lakes, streams, and wetlands;  
• destroying natural communities;  
• promoting erosion on stream banks and hillsides; and  
• resisting control except by hazardous chemical.  
Maintenance  

During maintenance activities, check for the presence of invasive plants and remove in a safe 
manner as described in the attached “Methods for Disposing Non-Native Invasive Plants” prepared 
by the UNH Cooperative Extension.    
 
 
GENERAL CLEAN UP  
Upon completion of the project, the contractor shall remove all temporary stormwater structures 
(i.e., temporary stone check dams, silt fence, temporary diversion swales, catch basin inlet basket, 
etc.).  Any sediment deposits remaining in place after the silt fence or filter barrier is no longer 
required shall be dressed to conform to the existing grade, prepared, and seeded.  Remove any 
sediment in catch basins and clean drain pipes that may have accumulated during construction. 
Once in operation, all paved areas of the site should be swept at least once annually, preferably at 
the end of winter prior to significant spring rains. 
 
 
APPPENDIX 

A. Stormwater System Operations and Maintenance Report  
B. Site Grading and Drainage Plan  

 



  

  STORM WATER SYSTEM OPERATION AND MAINTENANCE REPORT 
 

General Information 
Project Name   

 
Owner  

 
Inspector’s Name(s)  

 
Inspector’s Contact Information   

 
Date of Inspection                                                           Start Time:                           End Time: 

 
Type of Inspection: 

  Annual Report          Post-storm event     Due to a discharge of significant amounts of sediment 
 
Notes: 
 

 
General Site Questions and Discharges of Significant Amounts of Sediment 

Subject Status Notes 
A discharge of significant amounts of sediment may be indicated by (but is not limited to) observations of the following.   
Note whether any are observed during this inspection: 
                                                                                                                                    Notes/ Action taken: 
1 Do the current site conditions reflect 

the attached site plan?   
Yes  
No 

 

2 Is the site permanently stabilized, 
temporary erosion and sediment 
controls are removed, and stormwater 
discharges from construction activity 
are eliminated? 

Yes  
No 

 

3 Is there evidence of the discharge of 
significant amounts of sediment to 
surface waters, or conveyance systems 
leading to surface waters? 

Yes  
No 

 

 
 

Permit Coverage and Plans 
# BMP/Facility Inspected Corrective Action Needed and Notes Date Corrected 

 Rain Garden Yes  
No 

  

 Catch Basin Yes  
No 

  

 Drainage Pipes Yes  
No 

 
 

 

 Riprap Aprons Yes  
No 

  

   Yes  
No 

  

  Yes  
No 
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Section 9 
 
Watershed Plans 
 
Pre-Development Drainage Area Plan 
Post-Development Drainage Area Plan 
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