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INTRODUCTION 

The purpose of this study is to determine storm water runoff and storm water runoff treatment 
required for the proposed development Grover Beach Lodge in Grover Beach California.   

A hydrologic and hydraulic analysis for a 2, 10, 25, and 100 year storm event will be conducted for 
existing and proposed conditions.  The proposed stormwater management plan will incorporate Low 
Impact Development (LID) techniques along with post construction best management practices 
(BMPs) to mitigate any post development water quality impacts. 

SITE LOCATION AND SITE DESCRIPTION 

The subject property is located within Pismo State Beach and the City of Grover Beach west of 
Highway 1 between Grand Avenue and Le Sage Drive in San Luis Obispo County.  North of the site 
is the golf course owned by the Department of Parks and Recreation and south of the project is State 
Parks recreational area.  East of the project site running from north to south is Meadow Creek and 
west of the site is the beach dunes and the Pacific Ocean.  East of Meadow Creek is a privately 
owned property.  See Attachment 1 for a site vicinity map and site location map.   

The project area is approximately 10.41 acres and is partially developed including Finns restaurant 
and public parking for the restaurant, beach, and golf course.  The site located in a 100 year flood 
plain per the Flood Insurance Rate Map Number 06079C1582F (See Attachment 2).  The flood 
elevation is 10.0 for the NGVD29 datum and 8.0 City of Grover Beach datum.  The hydrology maps 
and elevations in this report are utilizing City of Grover Beach Elevations. 

The development will consist of three (3) hotel buildings, landscaping, dune restoration areas, 
parking areas, and associated hardscape improvements. 

DESIGN CRITERIA 

The following is a summary of the design criteria used for this analysis: 

• City of Grover Beach Standard Drawings D.1 Rainfall Intensity Chart 

• City of Grover Beach Standard Drawings D.2 Table of Coefficient Runoff (C) Chart.  
Impervious area C=1.0 and Moderate Vegetation C=0.2 

• City of Grover Beach Standard Drawings D.3 Nomograph for time of concentration 

• From the USDA Natural Resources Conservation Service Web Soil Survey the site soil is Group 
“A” See Web Soil Survey Map (Attachment 2). 
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HYDROLOGY 

EXISTING CONDITIONS 

The existing runoff drains from the improved project limits to the west easterly into Meadow Creek. 
 The existing site was divided into two (2) hydrologic basins and a weighted coefficient of runoff (C) 
was calculated.  The weighted C value was obtained by averaging the impervious area versus the 
pervious areas.  A C value of 1.0 was used for the impervious areas and a C value of 0.2 was used 
for the pervious areas.   

The calculations incorporate the effects of site inundation to elevation 8’ (Grover Beach Datum, 10’ 
NGVD ‘29) for a 100-year storm event based on the flood elevation identified on FEMA’s Flood 
Insurance Rate Map Panel 1582.   For a 100-year storm, portions of basins EX-1 and PR-8 will be 
affected by the 100-year flood elevation calculated by FEMA.  

The existing total impervious percentage is 55.52 percent based on affected areas of the 100 year 
inundation.  The following is a summary of pre-development conditions: 

TABLE 1: PRE-DEVELOPMENT SUMMARY 

Basin 
Area 
(acre) 

Impervious 
Percentage 

Q2 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs) 

EX-1 7.075 

47.32% for 
100yr;  

25.24% all 
other storm 

events 

3.98 6.54 7.39 13.51 

EX-2 3.427 72.46 3.74 6.14 6.95 8.82 

TOTAL 10.502 

55.52% for 
100yr; 

40.65% all 
other storm 

events 

7.72 12.69 14.34 22.33 

 

TABLE 2: PRE-DEVELOPMENT 100 YEAR VOLUME SUMMARY 

Basin 
Q100 

(Acre-ft) 
EX 2.760 
 

See Attachment 3 for a summary of the area, C calculations, and hydrologic calculations. 
See Attachment 7 for the existing hydrology map. 
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PROPOSED CONDITIONS 

The proposed drainage plan is to maintain the existing runoff and limit diversion and to provide a 
storm water management plan to treat the storm runoff.  The proposed drainage plan is divided into 
ten (10) basins which all basins drain easterly to Meadow Creek.  The weighted C value comprises 
of impervious areas (C=1.0), pervious areas (C=0.2), and pervious pavement (C=0.6).  The proposed 
horse staging relocation area south of Grand Avenue will be developed with sand dunes and a dirt 
base.  The hydrologic conditions will remain unchanged and considered not to increase the pre-
development hydrologic conditions.  The following is a summary of post-development conditions: 

TABLE 3: POST-DEVELOPMENT SUMMARY  W/ NO DETENTION 

Basin Area (acre) 
Impervious 
Percentage 

Q2 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs) 

PR-1A 0.831 49.56 0.69 1.14 1.29 1.64 
PR-1B 0.398 60.89 0.38 0.63 0.71 0.90 
PR-1C 0.518 61.06 0.86 1.18 1.28 1.18 
PR-2 0.725 45.68 0.57 0.94 1.07 1.35 
PR-3 0.476 46.01 0.38 0.62 0.70 0.89 
PR-4 0.974 13.31 0.42 0.69 0.78 0.98 
PR-5 1.309 32.32 1.05 1.73 1.95 2.48 
PR-6 1.150 57.03 1.19 1.95 2.20 2.80 
PR-7 1.199 54.76 1.3 2.02 2.28 2.90 

PR-8 2.922 

85.86% for 
100yr; 

83.39% all 
other storm 

events 

3.55 5.83 6.59 8.55 

TOTAL 10.502 

56.13% for 
100yr; 

55.44% all 
other storm 

events 

10.32 16.72 18.86 23.67 

See Attachment 4 for a summary of the area, C calculations, and hydrologic calculations. 
See Attachment 8 for the existing hydrology map. 

The proposed impervious percentage is 58.83 and has increased 0.61 percent based on affected areas 
of the 100 year inundation.  The difference in post construction runoff and volume is indicated in the 
tables below.  The following is a comparison summary of pre- and post-development (no detention) 
conditions: 

 

 



Preliminary Hydrology Study 
Grover Beach Lodge, Grover Beach, California 
January 19, 2012   CTE Job No. 10-10460C 

 

Page 5

TABLE 4:  PRE- AND POST-DEVELOPMENT COMPARISON W/ NO DETENTION 

Basin Q2 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs) 
EXISTING 7.72 12.69 14.34 22.33 
PROPOSED 10.32 16.72 18.86 23.67 

DIFFERENCE 2.60 4.03 4.52 1.34 

 

TABLE 5:  PRE- AND POST-DEVELOPMENT 100 YEAR  
VOLUME COMPARISON W/ NO DETENTION 

Basin 
Q100 

(Acre-ft) 
EXISTING 2.760 
PROPOSED 2.873 
DIFFERENCE 0.113 

Based on the post development flows, the project will be utilizing the detention basins to decrease 
the post peak discharge and volume to the pre-development conditions.   



Preliminary Hydrology Study 
Grover Beach Lodge, Grover Beach, California 
January 19, 2012   CTE Job No. 10-10460C 

 

Page 6

Detention Calculations 
The detention basin will be designed and evaluated utilizing an inflow hydrograph, stage-storage 
relationships, and the stage-discharge relationships for the outlet structures.  HydroCAD Version 
9.10 was utilized for the analysis.  Curve Numbers were adjusted for each basin to reflect the runoff 
from the rational method fro the Grover Beach requirements.  Below is a table of the post runoff 
with detention (See Attachment 5): 

TABLE 6: POST-DEVELOPMENT SUMMARY  WITH DETENTION 

Basin Area (acre) 
Impervious 
Percentage 

Q2 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs) 

PR-1A 0.831 49.56 0.14 0.18 0.18 0.21 
PR-1B 0.398 60.89 0.16 0.20 0.21 0.24 
PR-1C 0.518 61.06 0.24 0.34 0.35 0.33 
PR-2 0.725 45.68 0.58 0.20 0.21 0.24 
PR-3 0.476 46.01 0.11 0.15 0.16 0.18 
PR-4 0.974 13.31 0.08 0.13 0.14 0.16 
PR-5 1.309 32.32 0.17 0.22 0.24 0.27 
PR-6 1.150 57.03 1.19 1.95 2.20 2.80 

PR-7 1.199 78.47 1.23 2.02 2.28 2.90 

PR-8 2.922 

85.86% for 
100yr; 

83.39% all 
other storm 

events 

3.55 5.83 6.59 8.55 

TOTAL 10.502 

56.13% for 
100yr; 

55.44% all 
other storm 

events 

7.45 11.22 12.56 15.88 

 
 

TABLE 7:  PRE- AND POST-DEVELOPMENT COMPARISON WITH DETENTION 

Basin Q2 (cfs) Q10 (cfs) Q25 (cfs) Q100 (cfs) 
EXISTING 7.72 12.69 14.34 22.33 
PROPOSED 7.45 11.22 12.56 15.88 
DIFFERENCE 0.27 1.47 1.78 6.45 
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TABLE 8:  PRE- AND POST-DEVELOPMENT 100 YEAR  
VOLUME COMPARISON WITH DETENTION 

Basin 
Q100 

(Acre-ft) 
EXISTING 2.760 
PROPOSED 2.761 
DIFFERENCE -0.001 

Ponding Requirements 
Per the City of Grover Beach Standards and Specifications Section 505 G 12.1., proposed 
developments are subject to volume capacity requirements.  Below is a summary of the capacity 
requirements for each proposed basin: 

Basin 
Number Total Area % Coverage 

Pond Capacity 
Req.* 

  SF  CF 
        

PR-1A 36,210.497 49.56% 5,832 
PR-1B 17,326.633 60.89% 3,429 
PR-1C 22,559.270 61.06% 4,477 
PR-2 31,602.330 45.68% 4,691 
PR-3 20,753.345 46.01% 3,103 
PR-4 42,421.926 13.31% 1,835 
PR-5 57,034.000 32.32% 5,991 
PR-6 50,093.100 57.03% 9,284 
PR-7 52,225.806 78.47% 13,319 
PR-8 127,269.985 85.86% 35,514 
     
TOTAL 457,496.892 5.302 788,312 

*The capacity requirement is assumed to be for the 100 year storm interval. 
**Basins will be designed for water quality only. 

It is interpreted that the city’s ponding requirements is intended to compensate for the 100 year 
increase in runoff from pre- to post development conditions and to provide water quality treatment.  
The preliminary grading plan proposes storage ponds that satisfy the city requirement for basins PR-
1A, 1B, 1C, 2, 3, 4, and 5 above the 100 year flood elevation.  However, due to site constraints 
including the 100 year flood elevation of 8.0 (CGB), providing ponding basins (above or below 
ground) for the remaining hydrological basins would not be physically achievable.   

In order to satisfy the city‘s storage requirements, it is proposed to utilize the proposed ponds in 
basins PR-1A, 2, 3, and 5 for detention.  The ponds will be designed as detention basins which will 
decrease the post-development runoff to pre-existing runoff rates for the entire project.  The 
detention basins will also act as volume-based treatment control BMPs for basins PR-1A, 1B, 1C, 2, 
3, and 5.  The detention basins will drain easterly into Meadow Creek and will not co-mingle with 
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any untreated runoff. 

Basins PR-6, 7, and 8 will not include a dedicated storage but will be designed to treat the 24-hours, 
85th percentile rainfall depth.  Post BMPs will include pervious pavement, vegetated swales, and bio-
infiltration basins. 

STORM WATER MANAGEMENT  

The project will comprise of Low Impact Development (LID) techniques, along with volume and 
flow based treatment control BMPs.   

Low Impact Design (LID) uses site based planning and design strategies to manage the quantity and 
quality of stormwater runoff.  The proposed LID design will reduce the amount of runoff by 
mimicking the natural hydraulic function of the existing development site.  The design will promote 
infiltration and using landscape features, and detention basins to filter, slow, and infiltrate surface 
runoff at the source.    

All basins will drain into landscape areas, detention basins, and bio-infiltration basins.  Onsite 
impervious areas will be directed into pervious landscaping and promote infiltration to maximum 
extent possible.  Runoff from parking lots will be directed to landscape areas and then into bio-
infiltration basins. 

The project will utilize the proposed detention basins and bio-infiltration basins for water quality 
purposes and will be design according to the Urban Runoff Quality Management, WEF Manual of 
Practice No. 23, ASCE Manual and Report on Engineering Practice No. 87, ASCE 1998.  See 
Attachment 6 for the water quality calculations. 

The detention basins will incorporate a storm drain control structure which will control the proposed 
runoff for the 100 year flood, 85th percentile (first flush), and the LEED storm water quality and 
quantity requirements.   

Maintenance of BMPS and Storm Water Structures 

The proposed bmps and storm drain structures that will require maintenance are as follows: 
1. Detention basins and bio-infiltration basins 
2. Vegetated Swales 
3. Rip Rap energy dissipators 
4. Storm drain systems including catch basins and cleanouts. 

 

Maintenance will be required and monitoring will be implemented in order to maintain the 
performance of the drainage system.  The detention structures will have to be maintained on a 
quarterly basis and after every storm event.   
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SUMMARY AND CONCLUSIONS 

The proposed site drainage will mimic the existing conditions and will discharge into Meadow 
Creek.  Due to the project being within the 100 year flood plain, the project will propose detention 
basins satisfying the City of Grover Beach’s ponding requirements to the maximum extent feasible.  
 Detention basins will be proposed on the western area of the project above the 100 year flood 
elevation.  The eastern area of the project is within the 100 year flood elevation and providing 
detention basins would not be possible.  In order to satisfy the City of Grover Beach’s ponding 
requirement for the entire project, the detention basins on the western side of the project is designed 
to reduce the peak runoff and volume to pre-existing conditions.  The eastern side of the project will 
propose a combination of pervious pavement, bio-infiltration, and vegetated swales to treat the 85th 
percentile (first flush) storm events. 

Impervious areas will be directed into pervious landscaping and promote infiltration to maximum 
extent possible.  The velocity of the proposed runoff will be calculated and the drainage system will 
be designed to minimize scouring.  Onsite runoff will be separated, treated, and then discharged into 
the natural drainage course.   

DECLARATION OF RESPONSIBLE CHARGE 

I, hereby declare that I am the Engineer of Work for this project, that I have exercised responsible 
charge over the design of the project as defined in section 6703 of the business and professions code, 
and that the design is consistent with current standards. 

I understand that the check of project drawings and specifications by the City of the City of Grover 
Beach is confined to a review only and does not relieve me, as Engineer of Work of my 
responsibility for project design. 

ENGINEER OF WORK: 

Construction Testing and Engineering, Inc. 
1441 Montiel Road, Suite 115 
Escondido, CA 92026 
 
 

 1/19/12 
______________________________           _____________ 
David V. Caron    Date 
R.C.E. 70066  Exp.9-30-12
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Hydrologic Soil Group

Hydrologic Soil Group— Summary by Map Unit — San Luis Obispo County, California, Coastal Part

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

124 Corralitos sand, 0 to 2 percent slopes A 7.4 65.5%

125 Corralitos sand, 2 to 15 percent
slopes

A 0.8 6.9%

134 Dune land A 3.1 27.6%

Totals for Area of Interest 11.2 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method:  Dominant Condition

Hydrologic Soil Group–San Luis Obispo County, California, Coastal Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

9/22/2010
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Component Percent Cutoff:   None Specified

Tie-break Rule:  Lower
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ATTACHMENT 3 
 

EXISTING HYDROLOGIC CALCULATIONS 
 



AREA CALCULATIONS

EXISTING HYDROLOGIC BASINS FOR 100 YEAR STORM
Basin Number Total Area Total Area Impervious Area Impervious Area Percent C Value

SF Acres SF Acres Impervious Weighted 
EX-1 308,187.000 7.075 145,831.300 3.348 47.32% 0.58
EX-2 149,265.350 3.427 108,151.420 2.483 72.46% 0.78

TOTAL 457,452.350 10.502 253,982.720 5.831 55.52% 0.64

*C values per City of Grover Beach Standards Table of Coefficient Runoff Chart D.2.



EXISTING HYDROLOGY TABLE

100 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

EX-1 17.00 10.00 7.00 400.00 0.08 1.75% 3.50 3.30 0.58 7.075 13.51
EX-2 18.50 7.00 11.50 785.00 0.15 1.46% 6.00 3.30 0.78 3.427 8.82
TOTAL 22.33

25 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

EX-1 17.00 10.00 7.00 400.00 0.08 1.75% 3.50 2.60 0.40 7.075 7.39
EX-2 18.50 7.00 11.50 785.00 0.15 1.46% 6.00 2.60 0.78 3.427 6.95
TOTAL 14.34

10 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

EX-1 17.00 10.00 7.00 400.00 0.08 1.75% 3.50 2.30 0.40 7.075 6.54
EX-2 18.50 7.00 11.50 785.00 0.15 1.46% 6.00 2.30 0.78 3.427 6.14
TOTAL 12.69

2 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

EX-1 17.00 10.00 7.00 400.00 0.08 1.75% 3.50 1.40 0.40 7.075 3.98
EX-2 18.50 7.00 11.50 785.00 0.15 1.46% 6.00 1.40 0.78 3.427 3.74
TOTAL 7.72

*Time of concentration is per City of Grover Beach Nomograph Drawing No. D.3
*Intensity is per City of Grover Beach Nomograph Drawing No. D.1
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.075 71   (1S)
3.427 79   (4S)

10.502 74 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

10.502 Other 1S, 4S
10.502 TOTAL AREA
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Time span=5.00-30.00 hrs, dt=0.03 hrs, 834 points
Runoff by SBUH method

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

Runoff Area=7.075 ac   Runoff Depth=2.90"Subcatchment 1S: EX-1
   Tc=6.0 min   CN=71   Runoff=13.97 cfs  1.709 af

Runoff Area=3.427 ac   Runoff Depth>3.68"Subcatchment 4S: EX-2
   Tc=6.0 min   CN=79   Runoff=8.96 cfs  1.051 af

   Inflow=22.93 cfs  2.760 afPond 5P: Outlet
   Primary=22.93 cfs  2.760 af

Total Runoff Area = 10.502 ac   Runoff Volume = 2.760 af   Average Runoff Depth = 3.15"



Type I 24-hr 100 YEAR  Rainfall=6.00"Grover Beach
  Printed  11/22/2011Prepared by {enter your company name here}

Page 5HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment 1S: EX-1

Runoff = 13.97 cfs @ 9.96 hrs,  Volume= 1.709 af,  Depth= 2.90"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (ac) CN Description
* 7.075 71

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

6.0 Direct Entry, 

Subcatchment 1S: EX-1

Runoff

Hydrograph

Time  (hours)
2826242220181614121086
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Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=7.075 ac
Runoff Volume=1.709 af

Runoff Depth=2.90"
Tc=6.0 min

CN=71

13.97 cfs
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Summary for Subcatchment 4S: EX-2

Runoff = 8.96 cfs @ 9.95 hrs,  Volume= 1.051 af,  Depth> 3.68"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (ac) CN Description
* 3.427 79

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

6.0 Direct Entry, 

Subcatchment 4S: EX-2

Runoff

Hydrograph

Time  (hours)
2826242220181614121086
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Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=3.427 ac
Runoff Volume=1.051 af

Runoff Depth>3.68"
Tc=6.0 min

CN=79

8.96 cfs
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Summary for Pond 5P: Outlet

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

Inflow Area = 10.502 ac,  Inflow Depth > 3.15"    for  100 YEAR event
Inflow = 22.93 cfs @ 9.96 hrs,  Volume= 2.760 af
Primary = 22.93 cfs @ 9.96 hrs,  Volume= 2.760 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs

Pond 5P: Outlet

Inflow
Primary

Hydrograph

Time  (hours)
2826242220181614121086
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Inflow Area=10.502 ac
22.93 cfs

22.93 cfs
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PROPOSED HYDROLOGIC CALCULATIONS 
 
 
 
 
 
 
 
 



AREA CALCULATIONS

PROPOSED HYDROLOGIC BASINS FOR 100 YEAR STORM EVENTS
Basin Number Total Area Total Area Impervious Area Landscape Area Pervious Pavement Percent C Value*

SF Acres SF SF SF Impervious Weighted 

PR-1A 36,210.497 0.831 17,945.920 18,264.577 0.000 49.56% 0.60
PR-1B 17,326.633 0.398 10,550.244 6,776.389 0.000 60.89% 0.69
PR-1C 22,559.270 0.518 13,774.680 8,784.590 0.000 61.06% 0.69
PR-2 31,602.330 0.725 14,435.100 17,167.230 0.000 45.68% 0.57
PR-3 20,753.345 0.476 9,549.000 11,204.345 0.000 46.01% 0.57
PR-4 42,421.926 0.974 5,645.039 36,776.888 0.000 13.31% 0.31
PR-5 57,034.000 1.309 18,435.240 22,238.930 16,359.831 32.32% 0.57
PR-6 50,093.100 1.150 28,566.062 11,424.011 10,103.027 57.03% 0.74
PR-7 52,225.806 1.199 28,600.321 11,244.478 12,381.007 54.76% 0.73
PR-8 127,269.985 2.922 109,272.630 17,997.355 0.000 85.86% 0.89

TOTAL 457,496.892 10.502 256,774.235 161,878.793 38,843.864 56.13% 0.793

*C values per City of Grover Beach Standards Table of Coefficient Runoff Chart D.2.

PROPOSED HYDROLOGIC BASINS FOR OTHER STORM EVENTS
Basin Number Total Area Total Area Impervious Area Landscape Area Pervious Pavement Percent C Value*

SF Acres SF SF SF Impervious Weighted 

PR-1A 36,210.497 0.831 17,945.920 18,264.577 0.000 49.56% 0.60
PR-1B 17,326.633 0.398 10,550.244 6,776.389 0.000 60.89% 0.69
PR-1C 22,559.270 0.518 13,774.680 8,784.590 0.000 61.06% 0.69
PR-2 31,602.330 0.725 14,435.100 17,167.230 0.000 45.68% 0.57
PR-3 20,753.345 0.476 9,549.000 11,204.345 0.000 46.01% 0.57
PR-4 42,421.926 0.974 5,645.039 36,776.888 0.000 13.31% 0.31
PR-5 57,034.000 1.309 18,435.240 22,238.930 16,359.831 32.32% 0.57
PR-6 50,093.100 1.150 28,566.062 11,424.011 10,103.027 57.03% 0.74
PR-7 52,225.806 1.199 28,600.321 11,244.478 12,381.007 54.76% 0.73
PR-8 127,269.985 2.922 106,126.760 21,143.225 0.000 83.39% 0.87

TOTAL 457,496.892 10.502 253,628.365 165,024.663 38,843.864 55.44% 0.790

*C values per City of Grover Beach Standards Table of Coefficient Runoff Chart D.2.



PROPOSED HYDROLOGY TABLE (no detention)

100 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

PR-1A 12.50 10.00 2.50 222.00 0.04 1.13% 2.00 3.30 0.60 0.831 1.64
PR-1B 12.50 9.00 3.50 170.00 0.03 2.06% 2.00 3.30 0.69 0.398 0.90
PR-1C 12.50 9.00 3.50 188.00 0.04 1.86% 2.00 3.30 0.69 0.518 1.18
PR-2 14.50 10.50 4.00 202.00 0.04 1.98% 2.00 3.30 0.57 0.725 1.35
PR-3 12.00 9.00 3.00 157.00 0.03 1.91% 2.00 3.30 0.57 0.476 0.89
PR-4 17.00 10.50 6.50 234.00 0.04 2.78% 2.00 3.30 0.31 0.974 0.98
PR-5 19.00 13.60 5.40 225.00 0.04 2.40% 2.80 3.30 0.57 1.309 2.48
PR-6 13.00 10.33 2.67 300.00 0.06 0.89% 3.00 3.30 0.74 1.150 2.80
PR-7 11.45 8.00 3.45 355.00 0.07 0.97% 2.80 3.30 0.73 1.199 2.90
PR-8 11.90 7.00 4.90 380.00 0.07 1.29% 4.00 3.30 0.89 2.922 8.55
TOTAL 23.67

25 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

PR-1A 12.50 10.00 2.50 222.00 0.04 1.13% 2.00 2.60 0.60 0.831 1.29
PR-1B 12.50 9.00 3.50 170.00 0.03 2.06% 2.00 2.60 0.69 0.398 0.71
PR-1C 12.50 9.00 3.50 188.00 0.04 1.86% 2.00 3.60 0.69 0.518 1.28
PR-2 14.50 10.50 4.00 202.00 0.04 1.98% 2.00 2.60 0.57 0.725 1.07
PR-3 12.00 9.00 3.00 157.00 0.03 1.91% 2.00 2.60 0.57 0.476 0.70
PR-4 17.00 10.50 6.50 234.00 0.04 2.78% 2.00 2.60 0.31 0.974 0.78
PR-5 19.00 13.60 5.40 225.00 0.04 2.40% 2.80 2.60 0.57 1.309 1.95
PR-6 13.00 10.33 2.67 300.00 0.06 0.89% 3.00 2.60 0.74 1.150 2.20
PR-7 11.45 8.00 3.45 355.00 0.07 0.97% 2.80 2.60 0.73 1.199 2.28
PR-8 11.90 7.00 4.90 380.00 0.07 1.29% 4.00 2.60 0.87 2.922 6.59
TOTAL 18.86



PROPOSED HYDROLOGY TABLE (no detention)

10 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

PR-1A 12.50 10.00 2.50 222.00 0.04 1.13% 2.00 2.30 0.60 0.831 1.14
PR-1B 12.50 9.00 3.50 170.00 0.03 2.06% 2.00 2.30 0.69 0.398 0.63
PR-1C 12.50 9.00 3.50 188.00 0.04 1.86% 2.00 3.30 0.69 0.518 1.18
PR-2 14.50 10.50 4.00 202.00 0.04 1.98% 2.00 2.30 0.57 0.725 0.94
PR-3 12.00 9.00 3.00 157.00 0.03 1.91% 2.00 2.30 0.57 0.476 0.62
PR-4 17.00 10.50 6.50 234.00 0.04 2.78% 2.00 2.30 0.31 0.974 0.69
PR-5 19.00 13.60 5.40 225.00 0.04 2.40% 2.80 2.30 0.57 1.309 1.73
PR-6 13.00 10.33 2.67 300.00 0.06 0.89% 3.00 2.30 0.74 1.150 1.95
PR-7 11.45 8.00 3.45 355.00 0.07 0.97% 2.80 2.30 0.73 1.199 2.02
PR-8 11.90 7.00 4.90 380.00 0.07 1.29% 4.00 2.30 0.87 2.922 5.83
TOTAL 16.72

2 YEAR STORM

Basin Number High Elev Low Elev H Elev. Diff. Flow Length Flow Length Slope Tc* Intensity (I)** C Value Total Area Flow (Q)
feet feet feet Feet Miles Percent Minutes Inches/hour Weighted Acres cfs

PR-1A 12.50 10.00 2.50 222.00 0.04 1.13% 2.00 1.40 0.60 0.831 0.69
PR-1B 12.50 9.00 3.50 170.00 0.03 2.06% 2.00 1.40 0.69 0.398 0.38
PR-1C 12.50 9.00 3.50 188.00 0.04 1.86% 2.00 2.40 0.69 0.518 0.86
PR-2 14.50 10.50 4.00 202.00 0.04 1.98% 2.00 1.40 0.57 0.725 0.57
PR-3 12.00 9.00 3.00 157.00 0.03 1.91% 2.00 1.40 0.57 0.476 0.38
PR-4 17.00 10.50 6.50 234.00 0.04 2.78% 2.00 1.40 0.31 0.974 0.42
PR-5 19.00 13.60 5.40 225.00 0.04 2.40% 2.80 1.40 0.57 1.309 1.05
PR-6 13.00 10.33 2.67 300.00 0.06 0.89% 3.00 1.40 0.74 1.150 1.19
PR-7 11.45 8.00 3.45 355.00 0.07 0.97% 2.80 1.40 0.73 1.199 1.23
PR-8 11.90 7.00 4.90 380.00 0.07 1.29% 4.00 1.40 0.87 2.922 3.55
TOTAL 10.32

*Time of concentration is per City of Grover Beach Nomograph Drawing No. D.3
*Intensity is per City of Grover Beach Nomograph Drawing No. D.1
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Summary for Subcatchment 2S: PR_NO DETENTION

Runoff = 24.43 cfs @ 9.95 hrs,  Volume= 2.873 af,  Depth= 3.28"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (ac) CN Description
* 10.503 75

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

5.7 Direct Entry, 

Subcatchment 2S: PR_NO DETENTION

Runoff

Hydrograph

Time  (hours)
2826242220181614121086
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Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=10.503 ac
Runoff Volume=2.873 af

Runoff Depth=3.28"
Tc=5.7 min

CN=75

24.43 cfs
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DETENTION CALCULATIONS 
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.974 57   (4S)
2.511 69   (2S, 3S, 5S)
0.831 70   (1S)
0.916 74   (6S, 10S)
1.199 75   (8S)
1.150 76   (7S)
2.922 82   (9S)

10.503 73 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

10.503 Other 1S, 2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S
10.503 TOTAL AREA



Type I 24-hr 100 YEAR  Rainfall=6.00"Grover Proposed_det_11-22-11
  Printed  11/23/2011Prepared by {enter your company name here}

Page 4HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Time span=5.00-30.00 hrs, dt=0.03 hrs, 834 points
Runoff by SBUH method

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

Runoff Area=36,211 sf   Runoff Depth=2.81"Subcatchment 1S: PR1A
   Tc=5.0 min   CN=70   Runoff=1.65 cfs  0.194 af

Runoff Area=31,602 sf   Runoff Depth=2.71"Subcatchment 2S: PR2
   Tc=5.0 min   CN=69   Runoff=1.38 cfs  0.164 af

Runoff Area=20,753 sf   Runoff Depth=2.71"Subcatchment 3S: PR3
   Tc=5.0 min   CN=69   Runoff=0.91 cfs  0.108 af

Runoff Area=42,422 sf   Runoff Depth=1.68"Subcatchment 4S: PR4
   Tc=5.0 min   CN=57   Runoff=0.95 cfs  0.136 af

Runoff Area=57,034 sf   Runoff Depth=2.71"Subcatchment 5S: PR5
   Tc=5.0 min   CN=69   Runoff=2.50 cfs  0.296 af

Runoff Area=22,559 sf   Runoff Depth=3.18"Subcatchment 6S: PR1C
   Tc=5.0 min   CN=74   Runoff=1.20 cfs  0.137 af

Runoff Area=50,093 sf   Runoff Depth=3.38"Subcatchment 7S: PR6
   Tc=5.0 min   CN=76   Runoff=2.86 cfs  0.324 af

Runoff Area=52,226 sf   Runoff Depth=3.28"Subcatchment 8S: PR7
   Tc=5.0 min   CN=75   Runoff=2.88 cfs  0.328 af

Runoff Area=127,270 sf   Runoff Depth>3.98"Subcatchment 9S: PR8
   Tc=5.0 min   CN=82   Runoff=8.72 cfs  0.969 af

Runoff Area=17,327 sf   Runoff Depth=3.18"Subcatchment 10S: PR1B
   Tc=5.0 min   CN=74   Runoff=0.92 cfs  0.106 af

Peak Elev=11.62'  Storage=1,700 cf   Inflow=1.38 cfs  0.164 afPond 1P: PR2
   Outflow=0.24 cfs  0.163 af

Peak Elev=9.89'  Storage=2,434 cf   Inflow=1.65 cfs  0.194 afPond 2P: PR1A
   Outflow=0.21 cfs  0.193 af

Peak Elev=9.70'  Storage=1,081 cf   Inflow=0.91 cfs  0.108 afPond 3P: PR3
   Outflow=0.18 cfs  0.107 af

Peak Elev=10.84'  Storage=1,178 cf   Inflow=0.95 cfs  0.136 afPond 4P: PR4
   Outflow=0.16 cfs  0.134 af

Peak Elev=10.42'  Storage=4,036 cf   Inflow=2.50 cfs  0.296 afPond 5P: PR5
   Outflow=0.27 cfs  0.293 af

   Inflow=15.65 cfs  2.753 afPond 6P: OUT
   Primary=15.65 cfs  2.753 af
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Peak Elev=10.17'  Storage=859 cf   Inflow=0.92 cfs  0.106 afPond 11P: PR1B
   Outflow=0.24 cfs  0.106 af

Peak Elev=9.60'  Storage=1,269 cf   Inflow=1.20 cfs  0.137 afPond 12P: PR1C
   Outflow=0.33 cfs  0.137 af

Total Runoff Area = 10.503 ac   Runoff Volume = 2.761 af   Average Runoff Depth = 3.16"
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Summary for Subcatchment 1S: PR1A

Runoff = 1.65 cfs @ 9.95 hrs,  Volume= 0.194 af,  Depth= 2.81"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 36,211 70

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 1S: PR1A

Runoff

Hydrograph

Time  (hours)
2826242220181614121086
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Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=36,211 sf
Runoff Volume=0.194 af

Runoff Depth=2.81"
Tc=5.0 min

CN=70

1.65 cfs
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Summary for Subcatchment 2S: PR2

Runoff = 1.38 cfs @ 9.95 hrs,  Volume= 0.164 af,  Depth= 2.71"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 31,602 69

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 2S: PR2

Runoff

Hydrograph

Time  (hours)
2826242220181614121086
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Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=31,602 sf
Runoff Volume=0.164 af

Runoff Depth=2.71"
Tc=5.0 min

CN=69

1.38 cfs
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Summary for Subcatchment 3S: PR3

Runoff = 0.91 cfs @ 9.95 hrs,  Volume= 0.108 af,  Depth= 2.71"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 20,753 69

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 3S: PR3

Runoff

Hydrograph

Time  (hours)
2826242220181614121086
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Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=20,753 sf
Runoff Volume=0.108 af

Runoff Depth=2.71"
Tc=5.0 min

CN=69

0.91 cfs
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Summary for Subcatchment 4S: PR4

Runoff = 0.95 cfs @ 9.96 hrs,  Volume= 0.136 af,  Depth= 1.68"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 42,422 57

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 4S: PR4

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=42,422 sf
Runoff Volume=0.136 af

Runoff Depth=1.68"
Tc=5.0 min

CN=57

0.95 cfs
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  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Subcatchment 5S: PR5

Runoff = 2.50 cfs @ 9.95 hrs,  Volume= 0.296 af,  Depth= 2.71"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 57,034 69

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 5S: PR5

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

2

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=57,034 sf
Runoff Volume=0.296 af

Runoff Depth=2.71"
Tc=5.0 min

CN=69

2.50 cfs
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  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Subcatchment 6S: PR1C

Runoff = 1.20 cfs @ 9.95 hrs,  Volume= 0.137 af,  Depth= 3.18"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 22,559 74

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 6S: PR1C

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=22,559 sf
Runoff Volume=0.137 af

Runoff Depth=3.18"
Tc=5.0 min

CN=74

1.20 cfs
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  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Subcatchment 7S: PR6

Runoff = 2.86 cfs @ 9.95 hrs,  Volume= 0.324 af,  Depth= 3.38"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 50,093 76

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 7S: PR6

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

3

2

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=50,093 sf
Runoff Volume=0.324 af

Runoff Depth=3.38"
Tc=5.0 min

CN=76

2.86 cfs
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  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Subcatchment 8S: PR7

Runoff = 2.88 cfs @ 9.95 hrs,  Volume= 0.328 af,  Depth= 3.28"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 52,226 75

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 8S: PR7

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

3

2

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=52,226 sf
Runoff Volume=0.328 af

Runoff Depth=3.28"
Tc=5.0 min

CN=75

2.88 cfs
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  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Subcatchment 9S: PR8

Runoff = 8.72 cfs @ 9.95 hrs,  Volume= 0.969 af,  Depth> 3.98"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 127,270 82

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

4.0 Direct Entry, 
4.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 9S: PR8

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

9
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7

6

5

4

3

2

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=127,270 sf
Runoff Volume=0.969 af

Runoff Depth>3.98"
Tc=5.0 min

CN=82

8.72 cfs



Type I 24-hr 100 YEAR  Rainfall=6.00"Grover Proposed_det_11-22-11
  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Subcatchment 10S: PR1B

Runoff = 0.92 cfs @ 9.95 hrs,  Volume= 0.106 af,  Depth= 3.18"

Runoff by SBUH method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Type I 24-hr 100 YEAR  Rainfall=6.00"

Area (sf) CN Description
* 17,327 74

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 10S: PR1B

Runoff

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 100 YEAR
Rainfall=6.00"

Runoff Area=17,327 sf
Runoff Volume=0.106 af

Runoff Depth=3.18"
Tc=5.0 min

CN=74

0.92 cfs
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  Printed  11/23/2011Prepared by {enter your company name here}
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Summary for Pond 1P: PR2

Inflow Area = 0.725 ac,  Inflow Depth = 2.71"    for  100 YEAR event
Inflow = 1.38 cfs @ 9.95 hrs,  Volume= 0.164 af
Outflow = 0.24 cfs @ 10.68 hrs,  Volume= 0.163 af,  Atten= 83%,  Lag= 43.5 min
Primary = 0.24 cfs @ 10.68 hrs,  Volume= 0.163 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 11.62' @ 10.68 hrs   Surf.Area= 0 sf   Storage= 1,700 cf

Plug-Flow detention time= 87.5 min calculated for 0.163 af (100% of inflow)
Center-of-Mass det. time= 85.0 min ( 908.7 - 823.7 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 5,225 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 628
11.50 1,447
12.00 2,476
12.50 3,730
13.00 5,225

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.24 cfs @ 10.68 hrs  HW=11.62'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.24 cfs @ 4.81 fps)



Type I 24-hr 100 YEAR  Rainfall=6.00"Grover Proposed_det_11-22-11
  Printed  11/23/2011Prepared by {enter your company name here}
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Pond 1P: PR2

Inflow
Primary

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

1

0

Inflow Area=0.725 ac
Peak Elev=11.62'
Storage=1,700 cf

1.38 cfs

0.24 cfs
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Summary for Pond 2P: PR1A

Inflow Area = 0.831 ac,  Inflow Depth = 2.81"    for  100 YEAR event
Inflow = 1.65 cfs @ 9.95 hrs,  Volume= 0.194 af
Outflow = 0.21 cfs @ 11.51 hrs,  Volume= 0.193 af,  Atten= 87%,  Lag= 93.2 min
Primary = 0.21 cfs @ 11.51 hrs,  Volume= 0.193 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 9.89' @ 11.51 hrs   Surf.Area= 0 sf   Storage= 2,434 cf

Plug-Flow detention time= 149.4 min calculated for 0.193 af (99% of inflow)
Center-of-Mass det. time= 144.1 min ( 964.0 - 819.9 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 7,451 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 989

10.00 2,843
10.50 4,993
11.00 7,451

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.21 cfs @ 11.51 hrs  HW=9.89'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.21 cfs @ 4.21 fps)



Type I 24-hr 100 YEAR  Rainfall=6.00"Grover Proposed_det_11-22-11
  Printed  11/23/2011Prepared by {enter your company name here}
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Pond 2P: PR1A

Inflow
Primary

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (

cf
s)

1

0

Inflow Area=0.831 ac
Peak Elev=9.89'

Storage=2,434 cf

1.65 cfs

0.21 cfs
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Summary for Pond 3P: PR3

Inflow Area = 0.476 ac,  Inflow Depth = 2.71"    for  100 YEAR event
Inflow = 0.91 cfs @ 9.95 hrs,  Volume= 0.108 af
Outflow = 0.18 cfs @ 10.53 hrs,  Volume= 0.107 af,  Atten= 80%,  Lag= 34.4 min
Primary = 0.18 cfs @ 10.53 hrs,  Volume= 0.107 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 9.70' @ 10.53 hrs   Surf.Area= 0 sf   Storage= 1,081 cf

Plug-Flow detention time= 83.2 min calculated for 0.107 af (99% of inflow)
Center-of-Mass det. time= 78.8 min ( 902.5 - 823.7 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 4,409 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 692

10.00 1,672
10.50 2,904
11.00 4,409

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.18 cfs @ 10.53 hrs  HW=9.70'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.18 cfs @ 3.65 fps)
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Pond 3P: PR3

Inflow
Primary

Hydrograph

Time  (hours)
2826242220181614121086

F
lo

w
  (
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s)

1

0

Inflow Area=0.476 ac
Peak Elev=9.70'

Storage=1,081 cf

0.91 cfs

0.18 cfs
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Summary for Pond 4P: PR4

Inflow Area = 0.974 ac,  Inflow Depth = 1.68"    for  100 YEAR event
Inflow = 0.95 cfs @ 9.96 hrs,  Volume= 0.136 af
Outflow = 0.16 cfs @ 11.35 hrs,  Volume= 0.134 af,  Atten= 83%,  Lag= 83.3 min
Primary = 0.16 cfs @ 11.35 hrs,  Volume= 0.134 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 10.84' @ 11.35 hrs   Surf.Area= 0 sf   Storage= 1,178 cf

Plug-Flow detention time= 112.8 min calculated for 0.134 af (98% of inflow)
Center-of-Mass det. time= 105.1 min ( 978.5 - 873.5 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 8,606 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 1,737
11.50 3,743
12.00 6,029
12.50 8,606

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 2.0" Vert. Orifice/Grate X 3.00    C= 0.600   

Primary OutFlow  Max=0.16 cfs @ 11.35 hrs  HW=10.84'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.16 cfs @ 2.43 fps)
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Pond 4P: PR4

Inflow
Primary

Hydrograph

Time  (hours)
2826242220181614121086
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w
  (
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1

0

Inflow Area=0.974 ac
Peak Elev=10.84'
Storage=1,178 cf

0.95 cfs

0.16 cfs
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Summary for Pond 5P: PR5

Inflow Area = 1.309 ac,  Inflow Depth = 2.71"    for  100 YEAR event
Inflow = 2.50 cfs @ 9.95 hrs,  Volume= 0.296 af
Outflow = 0.27 cfs @ 12.29 hrs,  Volume= 0.293 af,  Atten= 89%,  Lag= 140.3 min
Primary = 0.27 cfs @ 12.29 hrs,  Volume= 0.293 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 10.42' @ 12.29 hrs   Surf.Area= 0 sf   Storage= 4,036 cf

Plug-Flow detention time= 198.7 min calculated for 0.293 af (99% of inflow)
Center-of-Mass det. time= 192.7 min ( 1,016.4 - 823.7 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 6,358 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,145

10.00 2,579
10.50 4,313
11.00 6,358

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.27 cfs @ 12.29 hrs  HW=10.42'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.27 cfs @ 5.48 fps)
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  Printed  11/23/2011Prepared by {enter your company name here}
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Pond 5P: PR5

Inflow
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Hydrograph

Time  (hours)
2826242220181614121086
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Inflow Area=1.309 ac
Peak Elev=10.42'
Storage=4,036 cf

2.50 cfs

0.27 cfs



Type I 24-hr 100 YEAR  Rainfall=6.00"Grover Proposed_det_11-22-11
  Printed  11/23/2011Prepared by {enter your company name here}

Page 26HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Summary for Pond 6P: OUT

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

Inflow Area = 10.503 ac,  Inflow Depth > 3.14"    for  100 YEAR event
Inflow = 15.65 cfs @ 9.95 hrs,  Volume= 2.753 af
Primary = 15.65 cfs @ 9.95 hrs,  Volume= 2.753 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs

Pond 6P: OUT

Inflow
Primary

Hydrograph
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2826242220181614121086

F
lo

w
  (

cf
s)

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

Inflow Area=10.503 ac
15.65 cfs

15.65 cfs
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Summary for Pond 11P: PR1B

Inflow Area = 0.398 ac,  Inflow Depth = 3.18"    for  100 YEAR event
Inflow = 0.92 cfs @ 9.95 hrs,  Volume= 0.106 af
Outflow = 0.24 cfs @ 10.31 hrs,  Volume= 0.106 af,  Atten= 74%,  Lag= 21.8 min
Primary = 0.24 cfs @ 10.31 hrs,  Volume= 0.106 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 10.17' @ 10.31 hrs   Surf.Area= 0 sf   Storage= 859 cf

Plug-Flow detention time= 38.3 min calculated for 0.105 af (100% of inflow)
Center-of-Mass det. time= 38.2 min ( 843.3 - 805.0 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 3,863 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 268

10.00 671
10.50 1,220
11.00 1,930
11.50 2,814
12.00 3,863

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.24 cfs @ 10.31 hrs  HW=10.17'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.24 cfs @ 4.92 fps)
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Pond 11P: PR1B
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Hydrograph
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Inflow Area=0.398 ac
Peak Elev=10.17'

Storage=859 cf

0.92 cfs

0.24 cfs
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Summary for Pond 12P: PR1C

Inflow Area = 0.518 ac,  Inflow Depth = 3.18"    for  100 YEAR event
Inflow = 1.20 cfs @ 9.95 hrs,  Volume= 0.137 af
Outflow = 0.33 cfs @ 10.29 hrs,  Volume= 0.137 af,  Atten= 73%,  Lag= 20.6 min
Primary = 0.33 cfs @ 10.29 hrs,  Volume= 0.137 af

Routing by Stor-Ind method, Time Span= 5.00-29.99 hrs, dt= 0.03 hrs
Peak Elev= 9.60' @ 10.29 hrs   Surf.Area= 0 sf   Storage= 1,269 cf

Plug-Flow detention time= 63.9 min calculated for 0.136 af (99% of inflow)
Center-of-Mass det. time= 60.4 min ( 865.5 - 805.0 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 5,366 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,023

10.00 2,248
10.50 3,690
11.00 5,366

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Primary OutFlow  Max=0.33 cfs @ 10.29 hrs  HW=9.60'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.33 cfs @ 3.32 fps)
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Pond 12P: PR1C
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Inflow Area=0.518 ac
Peak Elev=9.60'

Storage=1,269 cf

1.20 cfs

0.33 cfs
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Subcat Reach Pond Link



Grover Proposed_25yr_det_1-19-12
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.974 65   (4S)
2.511 76   (2S, 3S, 5S)
0.831 77   (1S)
0.398 80   (10S)
2.349 82   (7S, 8S)
2.922 87   (9S)
0.518 89   (6S)

10.503 80 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

10.503 Other 1S, 2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S
10.503 TOTAL AREA
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Time span=1.00-30.00 hrs, dt=0.03 hrs, 968 points
Runoff by SBUH method

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

Runoff Area=36,211 sf   Runoff Depth=2.21"Subcatchment 1S: PR1A
   Tc=5.0 min   CN=77   Runoff=1.32 cfs  0.153 af

Runoff Area=31,602 sf   Runoff Depth=2.13"Subcatchment 2S: PR2
   Tc=5.0 min   CN=76   Runoff=1.10 cfs  0.129 af

Runoff Area=20,753 sf   Runoff Depth=2.13"Subcatchment 3S: PR3
   Tc=5.0 min   CN=76   Runoff=0.72 cfs  0.085 af

Runoff Area=42,422 sf   Runoff Depth=1.33"Subcatchment 4S: PR4
   Tc=5.0 min   CN=65   Runoff=0.78 cfs  0.108 af

Runoff Area=57,034 sf   Runoff Depth=2.13"Subcatchment 5S: PR5
   Tc=5.0 min   CN=76   Runoff=1.98 cfs  0.232 af

Runoff Area=22,559 sf   Runoff Depth=3.30"Subcatchment 6S: PR1C
   Tc=5.0 min   CN=89   Runoff=1.28 cfs  0.142 af

Runoff Area=50,093 sf   Runoff Depth=2.64"Subcatchment 7S: PR6
   Tc=5.0 min   CN=82   Runoff=2.24 cfs  0.253 af

Runoff Area=52,226 sf   Runoff Depth=2.64"Subcatchment 8S: PR7
   Tc=5.0 min   CN=82   Runoff=2.34 cfs  0.263 af

Runoff Area=127,270 sf   Runoff Depth=3.10"Subcatchment 9S: PR8
   Tc=5.0 min   CN=87   Runoff=6.78 cfs  0.755 af

Runoff Area=17,327 sf   Runoff Depth=2.46"Subcatchment 10S: PR1B
   Tc=5.0 min   CN=80   Runoff=0.72 cfs  0.082 af

Peak Elev=11.42'  Storage=1,309 cf   Inflow=1.10 cfs  0.129 afPond 1P: PR2
   Outflow=0.21 cfs  0.128 af

Peak Elev=9.74'  Storage=1,861 cf   Inflow=1.32 cfs  0.153 afPond 2P: PR1A
   Outflow=0.18 cfs  0.152 af

Peak Elev=9.58'  Storage=841 cf   Inflow=0.72 cfs  0.085 afPond 3P: PR3
   Outflow=0.16 cfs  0.084 af

Peak Elev=10.77'  Storage=942 cf   Inflow=0.78 cfs  0.108 afPond 4P: PR4
   Outflow=0.14 cfs  0.106 af

Peak Elev=10.13'  Storage=3,028 cf   Inflow=1.98 cfs  0.232 afPond 5P: PR5
   Outflow=0.24 cfs  0.230 af

   Inflow=12.48 cfs  2.193 afPond 6P: OUT
   Primary=12.48 cfs  2.193 af
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Peak Elev=9.95'  Storage=632 cf   Inflow=0.72 cfs  0.082 afPond 11P: PR1B
   Outflow=0.21 cfs  0.082 af

Peak Elev=9.66'  Storage=1,420 cf   Inflow=1.28 cfs  0.142 afPond 12P: PR1C
   Outflow=0.35 cfs  0.141 af

Total Runoff Area = 10.503 ac   Runoff Volume = 2.201 af   Average Runoff Depth = 2.51"
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Summary for Subcatchment 1S: PR1A

Runoff = 1.32 cfs @ 9.95 hrs,  Volume= 0.153 af,  Depth= 2.21"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 36,211 77

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 1S: PR1A

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=36,211 sf
Runoff Volume=0.153 af

Runoff Depth=2.21"
Tc=5.0 min

CN=77

1.32 cfs
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Summary for Subcatchment 2S: PR2

Runoff = 1.10 cfs @ 9.95 hrs,  Volume= 0.129 af,  Depth= 2.13"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 31,602 76

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 2S: PR2

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=31,602 sf
Runoff Volume=0.129 af

Runoff Depth=2.13"
Tc=5.0 min

CN=76

1.10 cfs
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Summary for Subcatchment 3S: PR3

Runoff = 0.72 cfs @ 9.95 hrs,  Volume= 0.085 af,  Depth= 2.13"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 20,753 76

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 3S: PR3

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

0.8
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0.7

0.65

0.6

0.55
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0.4
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0.25

0.2

0.15

0.1

0.05

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=20,753 sf
Runoff Volume=0.085 af

Runoff Depth=2.13"
Tc=5.0 min

CN=76

0.72 cfs
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Summary for Subcatchment 4S: PR4

Runoff = 0.78 cfs @ 9.96 hrs,  Volume= 0.108 af,  Depth= 1.33"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 42,422 65

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 4S: PR4

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (
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Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=42,422 sf
Runoff Volume=0.108 af

Runoff Depth=1.33"
Tc=5.0 min

CN=65

0.78 cfs
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Summary for Subcatchment 5S: PR5

Runoff = 1.98 cfs @ 9.95 hrs,  Volume= 0.232 af,  Depth= 2.13"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 57,034 76

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 5S: PR5

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

2

1

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=57,034 sf
Runoff Volume=0.232 af

Runoff Depth=2.13"
Tc=5.0 min

CN=76

1.98 cfs
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Summary for Subcatchment 6S: PR1C

Runoff = 1.28 cfs @ 9.94 hrs,  Volume= 0.142 af,  Depth= 3.30"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 22,559 89

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 6S: PR1C

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=22,559 sf
Runoff Volume=0.142 af

Runoff Depth=3.30"
Tc=5.0 min

CN=89

1.28 cfs
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Summary for Subcatchment 7S: PR6

Runoff = 2.24 cfs @ 9.95 hrs,  Volume= 0.253 af,  Depth= 2.64"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 50,093 82

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 7S: PR6

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

2

1

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=50,093 sf
Runoff Volume=0.253 af

Runoff Depth=2.64"
Tc=5.0 min

CN=82

2.24 cfs
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Summary for Subcatchment 8S: PR7

Runoff = 2.34 cfs @ 9.95 hrs,  Volume= 0.263 af,  Depth= 2.64"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 52,226 82

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 8S: PR7

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

2

1

0

Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=52,226 sf
Runoff Volume=0.263 af

Runoff Depth=2.64"
Tc=5.0 min

CN=82

2.34 cfs
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Summary for Subcatchment 9S: PR8

Runoff = 6.78 cfs @ 9.95 hrs,  Volume= 0.755 af,  Depth= 3.10"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 127,270 87

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

4.0 Direct Entry, 
4.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 9S: PR8

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)
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Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=127,270 sf
Runoff Volume=0.755 af

Runoff Depth=3.10"
Tc=5.0 min

CN=87

6.78 cfs
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Summary for Subcatchment 10S: PR1B

Runoff = 0.72 cfs @ 9.95 hrs,  Volume= 0.082 af,  Depth= 2.46"

Runoff by SBUH method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Type I 24-hr 25 YEAR  Rainfall=4.50"

Area (sf) CN Description
* 17,327 80

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 10S: PR1B

Runoff

Hydrograph

Time  (hours)
30282624222018161412108642
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Type I 24-hr 25 YEAR
Rainfall=4.50"

Runoff Area=17,327 sf
Runoff Volume=0.082 af

Runoff Depth=2.46"
Tc=5.0 min

CN=80

0.72 cfs
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Summary for Pond 1P: PR2

Inflow Area = 0.725 ac,  Inflow Depth = 2.13"    for  25 YEAR event
Inflow = 1.10 cfs @ 9.95 hrs,  Volume= 0.129 af
Outflow = 0.21 cfs @ 10.54 hrs,  Volume= 0.128 af,  Atten= 81%,  Lag= 35.1 min
Primary = 0.21 cfs @ 10.54 hrs,  Volume= 0.128 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 11.42' @ 10.54 hrs   Surf.Area= 0 sf   Storage= 1,309 cf

Plug-Flow detention time= 80.0 min calculated for 0.128 af (99% of inflow)
Center-of-Mass det. time= 76.9 min ( 895.4 - 818.5 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 5,225 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 628
11.50 1,447
12.00 2,476
12.50 3,730
13.00 5,225

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.21 cfs @ 10.54 hrs  HW=11.42'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.21 cfs @ 4.28 fps)



Type I 24-hr 25 YEAR  Rainfall=4.50"Grover Proposed_25yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}

Page 17HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Pond 1P: PR2

Inflow
Primary

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (
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s)

1

0

Inflow Area=0.725 ac
Peak Elev=11.42'
Storage=1,309 cf

1.10 cfs

0.21 cfs
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Summary for Pond 2P: PR1A

Inflow Area = 0.831 ac,  Inflow Depth = 2.21"    for  25 YEAR event
Inflow = 1.32 cfs @ 9.95 hrs,  Volume= 0.153 af
Outflow = 0.18 cfs @ 10.99 hrs,  Volume= 0.152 af,  Atten= 86%,  Lag= 62.5 min
Primary = 0.18 cfs @ 10.99 hrs,  Volume= 0.152 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 9.74' @ 10.99 hrs   Surf.Area= 0 sf   Storage= 1,861 cf

Plug-Flow detention time= 129.4 min calculated for 0.151 af (99% of inflow)
Center-of-Mass det. time= 123.2 min ( 937.5 - 814.3 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 7,451 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 989

10.00 2,843
10.50 4,993
11.00 7,451

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.18 cfs @ 10.99 hrs  HW=9.74'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.18 cfs @ 3.76 fps)
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Pond 2P: PR1A

Inflow
Primary

Hydrograph

Time  (hours)
30282624222018161412108642
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Inflow Area=0.831 ac
Peak Elev=9.74'

Storage=1,861 cf

1.32 cfs

0.18 cfs
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Summary for Pond 3P: PR3

Inflow Area = 0.476 ac,  Inflow Depth = 2.13"    for  25 YEAR event
Inflow = 0.72 cfs @ 9.95 hrs,  Volume= 0.085 af
Outflow = 0.16 cfs @ 10.45 hrs,  Volume= 0.084 af,  Atten= 78%,  Lag= 29.6 min
Primary = 0.16 cfs @ 10.45 hrs,  Volume= 0.084 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 9.58' @ 10.45 hrs   Surf.Area= 0 sf   Storage= 841 cf

Plug-Flow detention time= 81.7 min calculated for 0.084 af (99% of inflow)
Center-of-Mass det. time= 76.6 min ( 895.1 - 818.5 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 4,409 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 692

10.00 1,672
10.50 2,904
11.00 4,409

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.16 cfs @ 10.45 hrs  HW=9.58'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.16 cfs @ 3.23 fps)
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Pond 3P: PR3
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Inflow Area=0.476 ac
Peak Elev=9.58'
Storage=841 cf

0.72 cfs

0.16 cfs
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Summary for Pond 4P: PR4

Inflow Area = 0.974 ac,  Inflow Depth = 1.33"    for  25 YEAR event
Inflow = 0.78 cfs @ 9.96 hrs,  Volume= 0.108 af
Outflow = 0.14 cfs @ 11.00 hrs,  Volume= 0.106 af,  Atten= 82%,  Lag= 62.3 min
Primary = 0.14 cfs @ 11.00 hrs,  Volume= 0.106 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 10.77' @ 11.00 hrs   Surf.Area= 0 sf   Storage= 942 cf

Plug-Flow detention time= 112.2 min calculated for 0.106 af (98% of inflow)
Center-of-Mass det. time= 102.5 min ( 970.3 - 867.8 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 8,606 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 1,737
11.50 3,743
12.00 6,029
12.50 8,606

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 2.0" Vert. Orifice/Grate X 3.00    C= 0.600   

Primary OutFlow  Max=0.14 cfs @ 11.00 hrs  HW=10.77'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.14 cfs @ 2.09 fps)
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Pond 4P: PR4
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Inflow Area=0.974 ac
Peak Elev=10.77'

Storage=942 cf

0.78 cfs

0.14 cfs
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Summary for Pond 5P: PR5

Inflow Area = 1.309 ac,  Inflow Depth = 2.13"    for  25 YEAR event
Inflow = 1.98 cfs @ 9.95 hrs,  Volume= 0.232 af
Outflow = 0.24 cfs @ 11.69 hrs,  Volume= 0.230 af,  Atten= 88%,  Lag= 104.5 min
Primary = 0.24 cfs @ 11.69 hrs,  Volume= 0.230 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 10.13' @ 11.69 hrs   Surf.Area= 0 sf   Storage= 3,028 cf

Plug-Flow detention time= 168.8 min calculated for 0.230 af (99% of inflow)
Center-of-Mass det. time= 162.4 min ( 981.0 - 818.5 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 6,358 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,145

10.00 2,579
10.50 4,313
11.00 6,358

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.24 cfs @ 11.69 hrs  HW=10.13'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.24 cfs @ 4.83 fps)
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Pond 5P: PR5
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Inflow Area=1.309 ac
Peak Elev=10.13'
Storage=3,028 cf
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Summary for Pond 6P: OUT

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

Inflow Area = 10.503 ac,  Inflow Depth > 2.51"    for  25 YEAR event
Inflow = 12.48 cfs @ 9.95 hrs,  Volume= 2.193 af
Primary = 12.48 cfs @ 9.95 hrs,  Volume= 2.193 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs

Pond 6P: OUT
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Summary for Pond 11P: PR1B

Inflow Area = 0.398 ac,  Inflow Depth = 2.46"    for  25 YEAR event
Inflow = 0.72 cfs @ 9.95 hrs,  Volume= 0.082 af
Outflow = 0.21 cfs @ 10.24 hrs,  Volume= 0.082 af,  Atten= 70%,  Lag= 17.4 min
Primary = 0.21 cfs @ 10.24 hrs,  Volume= 0.082 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 9.95' @ 10.24 hrs   Surf.Area= 0 sf   Storage= 632 cf

Plug-Flow detention time= 36.7 min calculated for 0.082 af (100% of inflow)
Center-of-Mass det. time= 36.3 min ( 837.6 - 801.3 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 3,863 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 268

10.00 671
10.50 1,220
11.00 1,930
11.50 2,814
12.00 3,863

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.21 cfs @ 10.24 hrs  HW=9.95'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.21 cfs @ 4.38 fps)
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Pond 11P: PR1B
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Inflow Area=0.398 ac
Peak Elev=9.95'
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Summary for Pond 12P: PR1C

Inflow Area = 0.518 ac,  Inflow Depth = 3.30"    for  25 YEAR event
Inflow = 1.28 cfs @ 9.94 hrs,  Volume= 0.142 af
Outflow = 0.35 cfs @ 10.26 hrs,  Volume= 0.141 af,  Atten= 73%,  Lag= 18.8 min
Primary = 0.35 cfs @ 10.26 hrs,  Volume= 0.141 af

Routing by Stor-Ind method, Time Span= 1.00-30.01 hrs, dt= 0.03 hrs
Peak Elev= 9.66' @ 10.26 hrs   Surf.Area= 0 sf   Storage= 1,420 cf

Plug-Flow detention time= 66.5 min calculated for 0.141 af (99% of inflow)
Center-of-Mass det. time= 63.0 min ( 821.8 - 758.8 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 5,366 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,023

10.00 2,248
10.50 3,690
11.00 5,366

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Primary OutFlow  Max=0.35 cfs @ 10.26 hrs  HW=9.66'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.35 cfs @ 3.53 fps)



Type I 24-hr 25 YEAR  Rainfall=4.50"Grover Proposed_25yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}

Page 30HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Pond 12P: PR1C

Inflow
Primary

Hydrograph

Time  (hours)
30282624222018161412108642

F
lo

w
  (

cf
s)

1

0

Inflow Area=0.518 ac
Peak Elev=9.66'
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Subcat Reach Pond Link
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.974 73   (4S)
2.511 83   (2S, 3S, 5S)
0.831 84   (1S)
0.398 87   (10S)
2.349 88   (7S, 8S)
2.922 93   (9S)
0.518 98   (6S)

10.503 87 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

10.503 Other 1S, 2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S
10.503 TOTAL AREA
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Time span=0.00-30.00 hrs, dt=0.03 hrs, 1001 points
Runoff by SBUH method

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

Runoff Area=36,211 sf   Runoff Depth=1.94"Subcatchment 1S: PR1A
   Tc=5.0 min   CN=84   Runoff=1.18 cfs  0.134 af

Runoff Area=31,602 sf   Runoff Depth=1.86"Subcatchment 2S: PR2
   Tc=5.0 min   CN=83   Runoff=0.98 cfs  0.112 af

Runoff Area=20,753 sf   Runoff Depth=1.86"Subcatchment 3S: PR3
   Tc=5.0 min   CN=83   Runoff=0.65 cfs  0.074 af

Runoff Area=42,422 sf   Runoff Depth=1.18"Subcatchment 4S: PR4
   Tc=5.0 min   CN=73   Runoff=0.73 cfs  0.096 af

Runoff Area=57,034 sf   Runoff Depth=1.86"Subcatchment 5S: PR5
   Tc=5.0 min   CN=83   Runoff=1.77 cfs  0.203 af

Runoff Area=22,559 sf   Runoff Depth=3.27"Subcatchment 6S: PR1C
   Tc=5.0 min   CN=98   Runoff=1.19 cfs  0.141 af

Runoff Area=50,093 sf   Runoff Depth=2.27"Subcatchment 7S: PR6
   Tc=5.0 min   CN=88   Runoff=1.95 cfs  0.217 af

Runoff Area=52,226 sf   Runoff Depth=2.27"Subcatchment 8S: PR7
   Tc=5.0 min   CN=88   Runoff=2.03 cfs  0.227 af

Runoff Area=127,270 sf   Runoff Depth=2.73"Subcatchment 9S: PR8
   Tc=5.0 min   CN=93   Runoff=5.95 cfs  0.666 af

Runoff Area=17,327 sf   Runoff Depth=2.18"Subcatchment 10S: PR1B
   Tc=5.0 min   CN=87   Runoff=0.65 cfs  0.072 af

Peak Elev=11.33'  Storage=1,172 cf   Inflow=0.98 cfs  0.112 afPond 1P: PR2
   Outflow=0.20 cfs  0.112 af

Peak Elev=9.68'  Storage=1,667 cf   Inflow=1.18 cfs  0.134 afPond 2P: PR1A
   Outflow=0.18 cfs  0.133 af

Peak Elev=9.53'  Storage=759 cf   Inflow=0.65 cfs  0.074 afPond 3P: PR3
   Outflow=0.15 cfs  0.073 af

Peak Elev=10.76'  Storage=895 cf   Inflow=0.73 cfs  0.096 afPond 4P: PR4
   Outflow=0.13 cfs  0.094 af

Peak Elev=10.03'  Storage=2,672 cf   Inflow=1.77 cfs  0.203 afPond 5P: PR5
   Outflow=0.22 cfs  0.201 af

   Inflow=11.05 cfs  1.934 afPond 6P: OUT
   Primary=11.05 cfs  1.934 af
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Peak Elev=9.87'  Storage=567 cf   Inflow=0.65 cfs  0.072 afPond 11P: PR1B
   Outflow=0.20 cfs  0.072 af

Peak Elev=9.64'  Storage=1,361 cf   Inflow=1.19 cfs  0.141 afPond 12P: PR1C
   Outflow=0.34 cfs  0.140 af

Total Runoff Area = 10.503 ac   Runoff Volume = 1.942 af   Average Runoff Depth = 2.22"
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Summary for Subcatchment 1S: PR1A

Runoff = 1.18 cfs @ 9.95 hrs,  Volume= 0.134 af,  Depth= 1.94"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 36,211 84

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 1S: PR1A

Runoff
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=36,211 sf
Runoff Volume=0.134 af

Runoff Depth=1.94"
Tc=5.0 min

CN=84

1.18 cfs



Type I 24-hr 10 YEAR  Rainfall=3.50"Grover Proposed_10yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}

Page 7HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment 2S: PR2

Runoff = 0.98 cfs @ 9.95 hrs,  Volume= 0.112 af,  Depth= 1.86"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 31,602 83

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 2S: PR2

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=31,602 sf
Runoff Volume=0.112 af

Runoff Depth=1.86"
Tc=5.0 min

CN=83

0.98 cfs
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Summary for Subcatchment 3S: PR3

Runoff = 0.65 cfs @ 9.95 hrs,  Volume= 0.074 af,  Depth= 1.86"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 20,753 83

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 3S: PR3
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=20,753 sf
Runoff Volume=0.074 af

Runoff Depth=1.86"
Tc=5.0 min

CN=83

0.65 cfs
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Summary for Subcatchment 4S: PR4

Runoff = 0.73 cfs @ 9.96 hrs,  Volume= 0.096 af,  Depth= 1.18"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 42,422 73

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 4S: PR4
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Hydrograph
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=42,422 sf
Runoff Volume=0.096 af

Runoff Depth=1.18"
Tc=5.0 min

CN=73

0.73 cfs
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Summary for Subcatchment 5S: PR5

Runoff = 1.77 cfs @ 9.95 hrs,  Volume= 0.203 af,  Depth= 1.86"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 57,034 83

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 5S: PR5
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=57,034 sf
Runoff Volume=0.203 af

Runoff Depth=1.86"
Tc=5.0 min

CN=83

1.77 cfs
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Summary for Subcatchment 6S: PR1C

Runoff = 1.19 cfs @ 9.94 hrs,  Volume= 0.141 af,  Depth= 3.27"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 22,559 98

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 6S: PR1C
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=22,559 sf
Runoff Volume=0.141 af

Runoff Depth=3.27"
Tc=5.0 min

CN=98

1.19 cfs
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Summary for Subcatchment 7S: PR6

Runoff = 1.95 cfs @ 9.95 hrs,  Volume= 0.217 af,  Depth= 2.27"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 50,093 88

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 7S: PR6
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=50,093 sf
Runoff Volume=0.217 af

Runoff Depth=2.27"
Tc=5.0 min

CN=88

1.95 cfs
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Summary for Subcatchment 8S: PR7

Runoff = 2.03 cfs @ 9.95 hrs,  Volume= 0.227 af,  Depth= 2.27"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 52,226 88

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 8S: PR7
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=52,226 sf
Runoff Volume=0.227 af

Runoff Depth=2.27"
Tc=5.0 min

CN=88

2.03 cfs
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Summary for Subcatchment 9S: PR8

Runoff = 5.95 cfs @ 9.94 hrs,  Volume= 0.666 af,  Depth= 2.73"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 127,270 93

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

4.0 Direct Entry, 
4.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 9S: PR8
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Type I 24-hr 10 YEAR
Rainfall=3.50"

Runoff Area=127,270 sf
Runoff Volume=0.666 af

Runoff Depth=2.73"
Tc=5.0 min

CN=93

5.95 cfs
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Summary for Subcatchment 10S: PR1B

Runoff = 0.65 cfs @ 9.95 hrs,  Volume= 0.072 af,  Depth= 2.18"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 10 YEAR  Rainfall=3.50"

Area (sf) CN Description
* 17,327 87

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 10S: PR1B
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Type I 24-hr 10 YEAR
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Runoff Area=17,327 sf
Runoff Volume=0.072 af

Runoff Depth=2.18"
Tc=5.0 min

CN=87

0.65 cfs
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Summary for Pond 1P: PR2

Inflow Area = 0.725 ac,  Inflow Depth = 1.86"    for  10 YEAR event
Inflow = 0.98 cfs @ 9.95 hrs,  Volume= 0.112 af
Outflow = 0.20 cfs @ 10.48 hrs,  Volume= 0.112 af,  Atten= 80%,  Lag= 31.6 min
Primary = 0.20 cfs @ 10.48 hrs,  Volume= 0.112 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 11.33' @ 10.48 hrs   Surf.Area= 0 sf   Storage= 1,172 cf

Plug-Flow detention time= 78.6 min calculated for 0.112 af (99% of inflow)
Center-of-Mass det. time= 75.1 min ( 880.1 - 805.0 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 5,225 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 628
11.50 1,447
12.00 2,476
12.50 3,730
13.00 5,225

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.20 cfs @ 10.48 hrs  HW=11.33'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.20 cfs @ 4.05 fps)
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Pond 1P: PR2

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

1

0

Inflow Area=0.725 ac
Peak Elev=11.33'
Storage=1,172 cf

0.98 cfs

0.20 cfs
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Summary for Pond 2P: PR1A

Inflow Area = 0.831 ac,  Inflow Depth = 1.94"    for  10 YEAR event
Inflow = 1.18 cfs @ 9.95 hrs,  Volume= 0.134 af
Outflow = 0.18 cfs @ 10.79 hrs,  Volume= 0.133 af,  Atten= 85%,  Lag= 50.1 min
Primary = 0.18 cfs @ 10.79 hrs,  Volume= 0.133 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.68' @ 10.79 hrs   Surf.Area= 0 sf   Storage= 1,667 cf

Plug-Flow detention time= 123.8 min calculated for 0.132 af (99% of inflow)
Center-of-Mass det. time= 116.8 min ( 916.7 - 799.9 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 7,451 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 989

10.00 2,843
10.50 4,993
11.00 7,451

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.18 cfs @ 10.79 hrs  HW=9.68'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.18 cfs @ 3.60 fps)
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Pond 2P: PR1A
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Inflow Area=0.831 ac
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Storage=1,667 cf
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Summary for Pond 3P: PR3

Inflow Area = 0.476 ac,  Inflow Depth = 1.86"    for  10 YEAR event
Inflow = 0.65 cfs @ 9.95 hrs,  Volume= 0.074 af
Outflow = 0.15 cfs @ 10.38 hrs,  Volume= 0.073 af,  Atten= 77%,  Lag= 25.9 min
Primary = 0.15 cfs @ 10.38 hrs,  Volume= 0.073 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.53' @ 10.38 hrs   Surf.Area= 0 sf   Storage= 759 cf

Plug-Flow detention time= 83.8 min calculated for 0.073 af (99% of inflow)
Center-of-Mass det. time= 77.7 min ( 882.6 - 805.0 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 4,409 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 692

10.00 1,672
10.50 2,904
11.00 4,409

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.15 cfs @ 10.38 hrs  HW=9.53'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.15 cfs @ 3.08 fps)
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Pond 3P: PR3
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Inflow Area=0.476 ac
Peak Elev=9.53'
Storage=759 cf
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Summary for Pond 4P: PR4

Inflow Area = 0.974 ac,  Inflow Depth = 1.18"    for  10 YEAR event
Inflow = 0.73 cfs @ 9.96 hrs,  Volume= 0.096 af
Outflow = 0.13 cfs @ 10.81 hrs,  Volume= 0.094 af,  Atten= 82%,  Lag= 50.8 min
Primary = 0.13 cfs @ 10.81 hrs,  Volume= 0.094 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 10.76' @ 10.81 hrs   Surf.Area= 0 sf   Storage= 895 cf

Plug-Flow detention time= 114.6 min calculated for 0.094 af (98% of inflow)
Center-of-Mass det. time= 103.6 min ( 958.3 - 854.6 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 8,606 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 1,737
11.50 3,743
12.00 6,029
12.50 8,606

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 2.0" Vert. Orifice/Grate X 3.00    C= 0.600   

Primary OutFlow  Max=0.13 cfs @ 10.81 hrs  HW=10.76'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.13 cfs @ 2.01 fps)
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Pond 4P: PR4
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Inflow Area=0.974 ac
Peak Elev=10.76'

Storage=895 cf

0.73 cfs

0.13 cfs
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Summary for Pond 5P: PR5

Inflow Area = 1.309 ac,  Inflow Depth = 1.86"    for  10 YEAR event
Inflow = 1.77 cfs @ 9.95 hrs,  Volume= 0.203 af
Outflow = 0.22 cfs @ 11.19 hrs,  Volume= 0.201 af,  Atten= 87%,  Lag= 74.2 min
Primary = 0.22 cfs @ 11.19 hrs,  Volume= 0.201 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 10.03' @ 11.19 hrs   Surf.Area= 0 sf   Storage= 2,672 cf

Plug-Flow detention time= 156.8 min calculated for 0.200 af (99% of inflow)
Center-of-Mass det. time= 150.1 min ( 955.1 - 805.0 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 6,358 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,145

10.00 2,579
10.50 4,313
11.00 6,358

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.22 cfs @ 11.19 hrs  HW=10.03'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.22 cfs @ 4.57 fps)
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Pond 5P: PR5
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Summary for Pond 6P: OUT

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

Inflow Area = 10.503 ac,  Inflow Depth > 2.21"    for  10 YEAR event
Inflow = 11.05 cfs @ 9.95 hrs,  Volume= 1.934 af
Primary = 11.05 cfs @ 9.95 hrs,  Volume= 1.934 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs

Pond 6P: OUT

Inflow
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Inflow Area=10.503 ac
11.05 cfs
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Summary for Pond 11P: PR1B

Inflow Area = 0.398 ac,  Inflow Depth = 2.18"    for  10 YEAR event
Inflow = 0.65 cfs @ 9.95 hrs,  Volume= 0.072 af
Outflow = 0.20 cfs @ 10.21 hrs,  Volume= 0.072 af,  Atten= 68%,  Lag= 15.7 min
Primary = 0.20 cfs @ 10.21 hrs,  Volume= 0.072 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.87' @ 10.21 hrs   Surf.Area= 0 sf   Storage= 567 cf

Plug-Flow detention time= 37.1 min calculated for 0.072 af (100% of inflow)
Center-of-Mass det. time= 36.6 min ( 820.6 - 784.0 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 3,863 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 268

10.00 671
10.50 1,220
11.00 1,930
11.50 2,814
12.00 3,863

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.20 cfs @ 10.21 hrs  HW=9.87'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.20 cfs @ 4.16 fps)
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Pond 11P: PR1B
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Inflow Area=0.398 ac
Peak Elev=9.87'
Storage=567 cf
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Summary for Pond 12P: PR1C

Inflow Area = 0.518 ac,  Inflow Depth = 3.27"    for  10 YEAR event
Inflow = 1.19 cfs @ 9.94 hrs,  Volume= 0.141 af
Outflow = 0.34 cfs @ 10.22 hrs,  Volume= 0.140 af,  Atten= 72%,  Lag= 16.8 min
Primary = 0.34 cfs @ 10.22 hrs,  Volume= 0.140 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.64' @ 10.22 hrs   Surf.Area= 0 sf   Storage= 1,361 cf

Plug-Flow detention time= 68.6 min calculated for 0.140 af (99% of inflow)
Center-of-Mass det. time= 64.8 min ( 766.6 - 701.7 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 5,366 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,023

10.00 2,248
10.50 3,690
11.00 5,366

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Primary OutFlow  Max=0.34 cfs @ 10.22 hrs  HW=9.64'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.34 cfs @ 3.45 fps)
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Pond 12P: PR1C

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

1

0

Inflow Area=0.518 ac
Peak Elev=9.64'

Storage=1,361 cf
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Subcat Reach Pond Link
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Area Listing (all nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

0.974 83   (4S)
2.511 90   (2S, 3S, 5S)
0.831 91   (1S)
0.398 93   (10S)
2.349 94   (7S, 8S)
2.922 97   (9S)
0.518 100   (6S)

10.503 93 TOTAL AREA
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Soil Listing (all nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG A
0.000 HSG B
0.000 HSG C
0.000 HSG D

10.503 Other 1S, 2S, 3S, 4S, 5S, 6S, 7S, 8S, 9S, 10S
10.503 TOTAL AREA
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Time span=0.00-30.00 hrs, dt=0.03 hrs, 1001 points
Runoff by SBUH method

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

Runoff Area=36,211 sf   Runoff Depth=1.16"Subcatchment 1S: PR1A
   Tc=5.0 min   CN=91   Runoff=0.72 cfs  0.081 af

Runoff Area=31,602 sf   Runoff Depth=1.09"Subcatchment 2S: PR2
   Tc=5.0 min   CN=90   Runoff=0.58 cfs  0.066 af

Runoff Area=20,753 sf   Runoff Depth=1.09"Subcatchment 3S: PR3
   Tc=5.0 min   CN=90   Runoff=0.38 cfs  0.043 af

Runoff Area=42,422 sf   Runoff Depth=0.70"Subcatchment 4S: PR4
   Tc=5.0 min   CN=83   Runoff=0.44 cfs  0.056 af

Runoff Area=57,034 sf   Runoff Depth=1.09"Subcatchment 5S: PR5
   Tc=5.0 min   CN=90   Runoff=1.05 cfs  0.119 af

Runoff Area=22,559 sf   Runoff Depth=2.00"Subcatchment 6S: PR1C
   Tc=5.0 min   CN=100   Runoff=0.69 cfs  0.086 af

Runoff Area=50,093 sf   Runoff Depth=1.40"Subcatchment 7S: PR6
   Tc=5.0 min   CN=94   Runoff=1.20 cfs  0.134 af

Runoff Area=52,226 sf   Runoff Depth=1.40"Subcatchment 8S: PR7
   Tc=5.0 min   CN=94   Runoff=1.26 cfs  0.140 af

Runoff Area=127,270 sf   Runoff Depth=1.67"Subcatchment 9S: PR8
   Tc=5.0 min   CN=97   Runoff=3.59 cfs  0.407 af

Runoff Area=17,327 sf   Runoff Depth=1.31"Subcatchment 10S: PR1B
   Tc=5.0 min   CN=93   Runoff=0.39 cfs  0.044 af

Peak Elev=11.02'  Storage=661 cf   Inflow=0.58 cfs  0.066 afPond 1P: PR2
   Outflow=0.15 cfs  0.066 af

Peak Elev=9.49'  Storage=964 cf   Inflow=0.72 cfs  0.081 afPond 2P: PR1A
   Outflow=0.14 cfs  0.079 af

Peak Elev=9.32'  Storage=449 cf   Inflow=0.38 cfs  0.043 afPond 3P: PR3
   Outflow=0.11 cfs  0.043 af

Peak Elev=10.65'  Storage=537 cf   Inflow=0.44 cfs  0.056 afPond 4P: PR4
   Outflow=0.08 cfs  0.055 af

Peak Elev=9.62'  Storage=1,490 cf   Inflow=1.05 cfs  0.119 afPond 5P: PR5
   Outflow=0.17 cfs  0.117 af

   Inflow=6.84 cfs  1.169 afPond 6P: OUT
   Primary=6.84 cfs  1.169 af



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}

Page 5HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Peak Elev=9.56'  Storage=319 cf   Inflow=0.39 cfs  0.044 afPond 11P: PR1B
   Outflow=0.16 cfs  0.044 af

Peak Elev=9.39'  Storage=791 cf   Inflow=0.69 cfs  0.086 afPond 12P: PR1C
   Outflow=0.24 cfs  0.086 af

Total Runoff Area = 10.503 ac   Runoff Volume = 1.176 af   Average Runoff Depth = 1.34"
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Summary for Subcatchment 1S: PR1A

Runoff = 0.72 cfs @ 9.95 hrs,  Volume= 0.081 af,  Depth= 1.16"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 36,211 91

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 1S: PR1A
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Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=36,211 sf
Runoff Volume=0.081 af

Runoff Depth=1.16"
Tc=5.0 min

CN=91

0.72 cfs
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Summary for Subcatchment 2S: PR2

Runoff = 0.58 cfs @ 9.95 hrs,  Volume= 0.066 af,  Depth= 1.09"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 31,602 90

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 2S: PR2

Runoff

Hydrograph
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s)
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0.05

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=31,602 sf
Runoff Volume=0.066 af

Runoff Depth=1.09"
Tc=5.0 min

CN=90

0.58 cfs
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  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 3S: PR3

Runoff = 0.38 cfs @ 9.95 hrs,  Volume= 0.043 af,  Depth= 1.09"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 20,753 90

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 3S: PR3

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

0.42

0.4

0.38

0.36

0.34

0.32

0.3

0.28

0.26

0.24

0.22
0.2

0.18

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=20,753 sf
Runoff Volume=0.043 af

Runoff Depth=1.09"
Tc=5.0 min

CN=90

0.38 cfs
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  Printed  1/20/2012Prepared by {enter your company name here}

Page 9HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Summary for Subcatchment 4S: PR4

Runoff = 0.44 cfs @ 9.96 hrs,  Volume= 0.056 af,  Depth= 0.70"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 42,422 83

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 4S: PR4

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

0.48
0.46
0.44
0.42

0.4
0.38
0.36
0.34
0.32

0.3
0.28
0.26
0.24
0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=42,422 sf
Runoff Volume=0.056 af

Runoff Depth=0.70"
Tc=5.0 min

CN=83

0.44 cfs



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 5S: PR5

Runoff = 1.05 cfs @ 9.95 hrs,  Volume= 0.119 af,  Depth= 1.09"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 57,034 90

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 5S: PR5

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=57,034 sf
Runoff Volume=0.119 af

Runoff Depth=1.09"
Tc=5.0 min

CN=90

1.05 cfs



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 6S: PR1C

Runoff = 0.69 cfs @ 9.94 hrs,  Volume= 0.086 af,  Depth= 2.00"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 22,559 100

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 6S: PR1C

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=22,559 sf
Runoff Volume=0.086 af

Runoff Depth=2.00"
Tc=5.0 min

CN=100

0.69 cfs
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  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 7S: PR6

Runoff = 1.20 cfs @ 9.95 hrs,  Volume= 0.134 af,  Depth= 1.40"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 50,093 94

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 7S: PR6

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=50,093 sf
Runoff Volume=0.134 af

Runoff Depth=1.40"
Tc=5.0 min

CN=94

1.20 cfs



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 8S: PR7

Runoff = 1.26 cfs @ 9.95 hrs,  Volume= 0.140 af,  Depth= 1.40"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 52,226 94

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

3.0 Direct Entry, 
3.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 8S: PR7

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

1

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=52,226 sf
Runoff Volume=0.140 af

Runoff Depth=1.40"
Tc=5.0 min

CN=94

1.26 cfs



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 9S: PR8

Runoff = 3.59 cfs @ 9.94 hrs,  Volume= 0.407 af,  Depth= 1.67"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 127,270 97

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

4.0 Direct Entry, 
4.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 9S: PR8

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

4

3

2

1

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=127,270 sf
Runoff Volume=0.407 af

Runoff Depth=1.67"
Tc=5.0 min

CN=97

3.59 cfs
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  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Subcatchment 10S: PR1B

Runoff = 0.39 cfs @ 9.95 hrs,  Volume= 0.044 af,  Depth= 1.31"

Runoff by SBUH method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Type I 24-hr 2 YEAR  Rainfall=2.00"

Area (sf) CN Description
* 17,327 93

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

2.0 Direct Entry, 
2.0 0 Total,  Increased to minimum Tc = 5.0 min

Subcatchment 10S: PR1B

Runoff

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210

F
lo

w
  (

cf
s)

0.42

0.4
0.38

0.36
0.34

0.32

0.3
0.28

0.26
0.24

0.22
0.2

0.18
0.16

0.14

0.12
0.1

0.08
0.06

0.04
0.02

0

Type I 24-hr 2 YEAR
Rainfall=2.00"

Runoff Area=17,327 sf
Runoff Volume=0.044 af

Runoff Depth=1.31"
Tc=5.0 min

CN=93

0.39 cfs



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Summary for Pond 1P: PR2

Inflow Area = 0.725 ac,  Inflow Depth = 1.09"    for  2 YEAR event
Inflow = 0.58 cfs @ 9.95 hrs,  Volume= 0.066 af
Outflow = 0.15 cfs @ 10.32 hrs,  Volume= 0.066 af,  Atten= 74%,  Lag= 22.4 min
Primary = 0.15 cfs @ 10.32 hrs,  Volume= 0.066 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 11.02' @ 10.32 hrs   Surf.Area= 0 sf   Storage= 661 cf

Plug-Flow detention time= 77.7 min calculated for 0.065 af (99% of inflow)
Center-of-Mass det. time= 72.4 min ( 873.7 - 801.3 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 5,225 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 628
11.50 1,447
12.00 2,476
12.50 3,730
13.00 5,225

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.15 cfs @ 10.32 hrs  HW=11.02'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.15 cfs @ 3.03 fps)



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Pond 1P: PR2

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Inflow Area=0.725 ac
Peak Elev=11.02'

Storage=661 cf

0.58 cfs

0.15 cfs
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Summary for Pond 2P: PR1A

Inflow Area = 0.831 ac,  Inflow Depth = 1.16"    for  2 YEAR event
Inflow = 0.72 cfs @ 9.95 hrs,  Volume= 0.081 af
Outflow = 0.14 cfs @ 10.47 hrs,  Volume= 0.079 af,  Atten= 80%,  Lag= 31.3 min
Primary = 0.14 cfs @ 10.47 hrs,  Volume= 0.079 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.49' @ 10.47 hrs   Surf.Area= 0 sf   Storage= 964 cf

Plug-Flow detention time= 115.1 min calculated for 0.079 af (98% of inflow)
Center-of-Mass det. time= 104.4 min ( 897.8 - 793.4 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 7,451 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 989

10.00 2,843
10.50 4,993
11.00 7,451

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.14 cfs @ 10.47 hrs  HW=9.49'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.14 cfs @ 2.90 fps)



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}
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Pond 2P: PR1A

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Inflow Area=0.831 ac
Peak Elev=9.49'
Storage=964 cf

0.72 cfs

0.14 cfs
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Summary for Pond 3P: PR3

Inflow Area = 0.476 ac,  Inflow Depth = 1.09"    for  2 YEAR event
Inflow = 0.38 cfs @ 9.95 hrs,  Volume= 0.043 af
Outflow = 0.11 cfs @ 10.28 hrs,  Volume= 0.043 af,  Atten= 72%,  Lag= 19.7 min
Primary = 0.11 cfs @ 10.28 hrs,  Volume= 0.043 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.32' @ 10.28 hrs   Surf.Area= 0 sf   Storage= 449 cf

Plug-Flow detention time= 94.0 min calculated for 0.043 af (98% of inflow)
Center-of-Mass det. time= 84.7 min ( 886.0 - 801.3 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 4,409 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 692

10.00 1,672
10.50 2,904
11.00 4,409

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.11 cfs @ 10.28 hrs  HW=9.32'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.11 cfs @ 2.15 fps)
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  Printed  1/20/2012Prepared by {enter your company name here}
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Pond 3P: PR3

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.476 ac
Peak Elev=9.32'
Storage=449 cf

0.38 cfs

0.11 cfs
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Summary for Pond 4P: PR4

Inflow Area = 0.974 ac,  Inflow Depth = 0.70"    for  2 YEAR event
Inflow = 0.44 cfs @ 9.96 hrs,  Volume= 0.056 af
Outflow = 0.08 cfs @ 10.64 hrs,  Volume= 0.055 af,  Atten= 81%,  Lag= 41.2 min
Primary = 0.08 cfs @ 10.64 hrs,  Volume= 0.055 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 10.65' @ 10.64 hrs   Surf.Area= 0 sf   Storage= 537 cf

Plug-Flow detention time= 129.8 min calculated for 0.055 af (97% of inflow)
Center-of-Mass det. time= 113.0 min ( 964.5 - 851.5 )

Volume Invert Avail.Storage Storage Description
#1 10.50' 8,606 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
10.50 0
11.00 1,737
11.50 3,743
12.00 6,029
12.50 8,606

Device Routing     Invert Outlet Devices
#1 Primary 10.50' 2.0" Vert. Orifice/Grate X 3.00    C= 0.600   

Primary OutFlow  Max=0.08 cfs @ 10.64 hrs  HW=10.65'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.08 cfs @ 1.34 fps)
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Pond 4P: PR4

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=0.974 ac
Peak Elev=10.65'

Storage=537 cf

0.44 cfs

0.08 cfs



Type I 24-hr 2 YEAR  Rainfall=2.00"Grover Proposed_2yr_det_1-19-12
  Printed  1/20/2012Prepared by {enter your company name here}

Page 24HydroCAD® 9.10  s/n 06659  © 2010 HydroCAD Software Solutions LLC

Summary for Pond 5P: PR5

Inflow Area = 1.309 ac,  Inflow Depth = 1.09"    for  2 YEAR event
Inflow = 1.05 cfs @ 9.95 hrs,  Volume= 0.119 af
Outflow = 0.17 cfs @ 10.69 hrs,  Volume= 0.117 af,  Atten= 84%,  Lag= 44.3 min
Primary = 0.17 cfs @ 10.69 hrs,  Volume= 0.117 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.62' @ 10.69 hrs   Surf.Area= 0 sf   Storage= 1,490 cf

Plug-Flow detention time= 131.0 min calculated for 0.117 af (98% of inflow)
Center-of-Mass det. time= 120.7 min ( 922.0 - 801.3 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 6,358 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,145

10.00 2,579
10.50 4,313
11.00 6,358

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.17 cfs @ 10.69 hrs  HW=9.62'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.17 cfs @ 3.39 fps)
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  Printed  1/20/2012Prepared by {enter your company name here}
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Pond 5P: PR5

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=1.309 ac
Peak Elev=9.62'

Storage=1,490 cf

1.05 cfs

0.17 cfs
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Summary for Pond 6P: OUT

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

Inflow Area = 10.503 ac,  Inflow Depth > 1.34"    for  2 YEAR event
Inflow = 6.84 cfs @ 9.95 hrs,  Volume= 1.169 af
Primary = 6.84 cfs @ 9.95 hrs,  Volume= 1.169 af,  Atten= 0%,  Lag= 0.0 min

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs

Pond 6P: OUT

Inflow
Primary

Hydrograph

Time  (hours)
3029282726252423222120191817161514131211109876543210
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Inflow Area=10.503 ac
6.84 cfs

6.84 cfs
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Summary for Pond 11P: PR1B

Inflow Area = 0.398 ac,  Inflow Depth = 1.31"    for  2 YEAR event
Inflow = 0.39 cfs @ 9.95 hrs,  Volume= 0.044 af
Outflow = 0.16 cfs @ 10.14 hrs,  Volume= 0.044 af,  Atten= 60%,  Lag= 11.5 min
Primary = 0.16 cfs @ 10.14 hrs,  Volume= 0.044 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.56' @ 10.14 hrs   Surf.Area= 0 sf   Storage= 319 cf

Plug-Flow detention time= 39.5 min calculated for 0.044 af (100% of inflow)
Center-of-Mass det. time= 38.7 min ( 815.0 - 776.3 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 3,863 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 268

10.00 671
10.50 1,220
11.00 1,930
11.50 2,814
12.00 3,863

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.16 cfs @ 10.14 hrs  HW=9.56'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.16 cfs @ 3.19 fps)
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Pond 11P: PR1B
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Inflow Area=0.398 ac
Peak Elev=9.56'
Storage=319 cf

0.39 cfs

0.16 cfs
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Summary for Pond 12P: PR1C

Inflow Area = 0.518 ac,  Inflow Depth = 2.00"    for  2 YEAR event
Inflow = 0.69 cfs @ 9.94 hrs,  Volume= 0.086 af
Outflow = 0.24 cfs @ 10.16 hrs,  Volume= 0.086 af,  Atten= 65%,  Lag= 13.0 min
Primary = 0.24 cfs @ 10.16 hrs,  Volume= 0.086 af

Routing by Stor-Ind method, Time Span= 0.00-30.00 hrs, dt= 0.03 hrs
Peak Elev= 9.39' @ 10.16 hrs   Surf.Area= 0 sf   Storage= 791 cf

Plug-Flow detention time= 79.9 min calculated for 0.086 af (99% of inflow)
Center-of-Mass det. time= 73.6 min ( 744.2 - 670.7 )

Volume Invert Avail.Storage Storage Description
#1 9.00' 5,366 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)
9.00 0
9.50 1,023

10.00 2,248
10.50 3,690
11.00 5,366

Device Routing     Invert Outlet Devices
#1 Primary 9.00' 3.0" Vert. Orifice/Grate X 2.00    C= 0.600   

Primary OutFlow  Max=0.24 cfs @ 10.16 hrs  HW=9.39'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.24 cfs @ 2.46 fps)
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Pond 12P: PR1C
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Inflow Area=0.518 ac
Peak Elev=9.39'
Storage=791 cf

0.69 cfs

0.24 cfs



 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 6
 

WATER QUALITY CALCULATIONS 
 



ENGINEERING CALCULATIONS FOR BMP VOLUME BASED TREATMENT SIZING

Basin Number Total Area Percent C wqrt V wqrt BMP Proposed
Acres Impervious CF

PR-1A 0.831 49.56% 0.34 1,196 Bio-retention basin/detention basin
PR-1B 0.398 60.89% 0.42 707 Bio-retention basin/detention basin
PR-2 0.725 45.68% 0.31 970 Bio-retention basin/detention basin
PR-3 0.476 46.01% 0.31 641 Bio-retention basin/detention basin
PR-4 0.974 13.31% 0.13 546 Bio-retention basin/detention basin
PR-5 1.309 32.32% 0.24 1,330 Bio-retention basin, porous pavement
PR-6 1.150 57.03% 0.39 1,902 Bio-retention basin, porous pavement
PR-7 1.199 78.47% 0.58 2,981 Bio-retention basin, porous pavement
PR-8 2.922 85.86% 0.67 8,402 Bio-retention basin, porous pavement

Note: all basins are designed to the above volumes

Source: Urban Runoff Quality Management, WEF Manual of Practice No. 23
             ASCE Manual and Report on Engineering Practice No. 87, ASCE 1998.



 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 7
 

HYDROLOGY MAP – EXISTING CONDITIONS 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 8
 

HYDROLOGY MAP – PROPOSED CONDITIONS 
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