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VICINITY MAPS 

 (a) Site Location Map 

Clark County Atlas 

SE 1/4, S34, T5N, R1E La Center, WA 

 

SITE 
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(b). Soils Map 
 

USDA SCS Map 1" = 2130'  

 

**Outlined Area of Interest (AOI) is an estimate of property boundary 

 

Map Unit Legend:  

CvA (Cove silty clay loam, 0-3% slopes):     1.3% of site 

 HgB (Hesson gravelly clay loam, 0-8% slopes):    6.4% of site 

HoA (Hillsboro silt loam, 0-3% slopes):   15.5% of site 

 HoB (Hillsboro silt loam, 3-8% slopes):   24.4% of site 

 HoC (Hillsboro silt loam, 8-15% slopes):  24.0% of site 

 OdB (0dne silt loam, 0-5% slopes):   28.3% of site 
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SECTION A – PROJECT OVERVIEW 
 

NW 9th Ave Subdivision is a 10.25-acre site located in La Center, WA. The site 
address is 33901 NW Pacific Hwy La Center, Washington. It is identified by the Clark 
County Assessor’s office as parcels 258902000 and 258921000 and further identified 
within the SW ¼ of section 34, T5N, R1E of the Willamette Meridian in Clark 
County, Washington. Pacific Highway borders the site to the south. The north and east 
sides of the site are bordered by private residential lots.  

 
The site’s existing topography is flat and moderately sloped, with slopes ranging from 
0-15%. The approximate northern half and southern half slope gently downward from 
the northeast to the south-central and from the east to west, respectively.  
 
NW 9th Ave Subdivision proposes to subdivide two parcels into 81 lots. The site will 
be accessed by NW 9th Ave from the west. All roads installed onsite will be public and 
provide access to the lots. Two private shared driveways will provide access to 2 lots 
each. Individual driveway construction will be completed at the time of home 
construction. 
 
The combined impervious area generated by the project includes approximately 
179,580 ft2 or roof area, 40,500 ft2 of private driveway, 79,592 ft2 of public road, 
33,819 ft2 public sidewalk, 6,360 ft2 of private shared driveway, and 1,450 ft2 of open 
space trail, totaling 341,301 ft2. The roof areas were calculated to be 60% of each lot’s 
total area and the driveway areas were calculated to be 25ft x 20ft driveways for a total 
of 500 ft2 per individual lot. These areas were modelled to ensure that enough 
detention is provided for the maximum impervious surface areas. The remaining area 
in each lot will be converted to lawn or landscaping, totaling 79,220 ft2 of pervious 
area. Landscaping in public right of way as well as within Tracts A and B have a total 
of 43,748 ft2. 
 
The existing stormwater basin includes the site, surface stormwater runoff from the 
north, and stormwater runoff that is discharged from a subdivision to the east. 
Stormwater runoff from Hanna’s Farm subdivision east of the site collects in a facility 
off of W D Avenue and then discharges towards the project site. All stormwater runoff 
gets captured by a 10” concrete culvert that conveys the runoff to a ditch that leads to 
an unnamed stream that flows south to the East Fork Lewis River.  
 
Due to negligible infiltration rates onsite, the project will utilize a detention pond with 
a flow control structure to store and release stormwater runoff to a culvert located at 
the west side of the site under NW 9th Ave. Stormwater runoff will be piped to a 
treatment vault before being routed to the detention pond. 
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SECTION B – QUANTITY CONTROL ANALYSIS AND DESIGN 
 

Per Chapter 18.320 of the La Center Municipal Code (LCMC), the subdivision will be 
required to mitigate for stormwater runoff impacts generated as a result of the 
proposed improvements. The hydrologic analysis of this site was performed in 
accordance with the guidelines contained in LCMC and Chapters III-1 and III-2 of the 
Puget Sound Manual.  The storm events were assumed to have a 24-hour duration and 
follow a Type IA storm distribution.  Rainfall depths for the 2, 10, 25, and 100-year 
24-hour storm events are 2.35, 3.30, 3.80, and 4.45 inches respectively, as obtained 
from the Isopluvial maps for Clark County included in Appendix A. The detention 
facility has been designed to release runoff at rates equal to or less than the 
predevelopment peak runoff rates for the 2, 10, 25 and 100-year, 24-hour storm events 
as stated in LCMC Code Section 18.320.220 (3)(d)(i). In addition, the facility has been 
designed utilizing Figure III-1.1 Volume Correction Factor from the Puget Sound 
Manual. This resulted in a correction factor of 1.39 for the detention facilities or a 
storage multiplier of 0.72. 
 
The live storage area of the stormwater facilities was assumed to be empty at the 
beginning of the design storm event. The hydrological analysis was completed using 
HydroCAD v 10.0, which allows the SBUH method of hydrograph routing to be 
utilized and the TR-55 method to determine the times of concentration. The soil 
characteristics were obtained from USDA NRCS website.  As can be seen on the soils 
map located at the start of this report, there are multiple soil types covering this site. 
These soil types consist of hydrologic soil groups (HSG) B, C, and D. The Runoff 
Curve Numbers (RCNs) that were used in the design of the project were taken from 
Table III-1.3 of the Puget Sound Manual. A RCN value of 78, 85, and 89 was used for 
the hydrologic soil groups B, C, and D respectively for a meadow or pasture area 
across the site for predeveloped conditions. An RCN value of 69 was used for post-
development landscaping and an RCN value of 98 was used for pavement and roofs. 
The offsite runoff from the Hanna’s Farm subdivision east of the site was modeled 

using the information from their drainage report and added to the HydroCAD model. 

Table 1 below shows a tabulation of the project site areas for pre- and post-developed 
conditions, not including the discharge from Hanna’s Farm subdivision. 
 

Table 1- Summary of Pre-Developed Areas 

  Basin 
Pervious 
(acres)  

Impervious 
(acres)  

 
Total 

(acres) 
Pre-Developed Area        

  Onsite 10.25 0 10.25 
 Offsite 4.40 0 4.40 
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Table 2- Summary of Post-Developed Areas 
Existing hard surface to remain 0 ft2 

New hard surface 341,301 ft2 (7.83 acre) 
Replaced hard surface 0 ft2 

Native vegetation converted to lawn or 
landscaping 

104,985 ft2 

(2.41 acre) 
Native vegetation converted to pasture 0 ft2 

Total land-disturbing activity 446,675 ft2 (10.25 acre) 

Pollution-generating hard surface 160,282 ft2 (3.68 acre) 
Pollution-generating pervious surface 0 ft2 

Total pollution-generating surfaces 160,282 ft2 (3.68 acre) 
Total non-pollution-generating surfaces 286,393 ft2 (6.57 acre) 

 
 

For the post-development preliminary analysis three basins were modeled with all 
runoffs draining to the designed detention facility located on the west side of the 
property. Those basins were the onsite area, the offsite area north of the site, and the 
simulated runoff from the Hanna’s Farm subdivision stormwater facility. 
 
The HydroCAD model basin DEV includes areas within both Basins 1 & 2 from the 
Post-Development Basin Map found in Appendix C of this report.  
 
RCN values of 98 were used for asphalt and concrete impervious areas and 69 was 
used for landscaping areas that will be amended post construction.  
 
Please refer to the HydroCAD stormwater model located in Appendix B, for tabulated 
acreage, imperviousness, curve numbers, length and grade of overland flow, and other 
hydrological parameters used in completing the analysis.  Basin Maps are included in 
Appendix C. 
 
Water quantity control for the development will be accomplished utilizing a detention 
facility. The detention pond will be constructed on the west side of the. A flow control 
structure with 3 offices has been designed to release detained stormwater at rates equal 
to or less than the predeveloped discharge rates for the 2-, 10-, 25- and 100-year 
design storm events.  See Appendix B for the HydroCAD report. 
  

SECTION C – CONVEYANCE SYSTEMS ANALYSIS AND DESIGN 
 
The pipes for the conveyance system will be designed for the 100-year storm event per 
LCMC 18.320.220 and will be sized to carry flows from the contributing drainage 
areas upon full buildout while operating in an open flow regime. The conveyance 
calculations for the stormwater pipes will be included with the Final TIR. 
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SECTION D – RUNOFF WATER QUALITY TREATMENT 
 

Runoff from pollution generating surfaces will be treated using a Peak Diversion 
Stormfilter vault. Stormfilter Media cartridge systems supplied by Contech Engineered 
Solutions will be used to treat stormwater runoff from the site’s new roadways, 
driveways and sidewalk. Runoff will be treated through the vault before being piped to 
the detention facility. The number of required Stormfilter cartridges in the system will 
be based on the water quality treatment flow rate calculated for pollution generating 
and non-pollution generating surfaces and the treatment capacity of the filters supplied 
by Contech Engineered Solutions. Stormfilters have gained Washington Department 
of Ecology approval and have been allowed to be sized as offline systems because 
peak storms bypass the Stormfilter treatment chamber via an inlet/bypass assembly. 
See Appendix B for water quality flow rates calculated with the use of the Western 
Washington Hydrology Model (WWHM).   

SECTION E – SOILS EVALUATION 

There are six identified soil types located on this site. A soils map, obtained from 
USDA NRCS website is located before the narrative of this report. The soil types 
onsite consist of CvA – Cove Silty Clay Loam, 0 to 3% slopes, HgB – Hesson 
Gravelly Clay Loam, 0 to 8% slopes, HoA – Hillsboro Silt Loam, 0 to 3% slopes, HoB 
– Hillsboro Silt Loam, 5 to 8% slopes, HoC – Hillsboro Silt Loam, 8 to 15% slopes,  
and OdB – Odne Silt Loam, 0 to 5% slopes. These soils are in hydrologic soil group 
(HSG) B, C, and D.  

 

SECTION F – SPECIAL REPORTS AND STUDIES 
 

A geotechnical report, traffic analysis report, archeological report and critical areas 
report were all completed for this site. All reports have been included as part of the 
subdivision application.  The Geotechnical Report is provided in Appendix D.  

SECTION G – OTHER PERMITS 
 

No other permits to be submitted for this site at this time. 

SECTION H – MAINTENANCE AND OPERATIONS MANUAL 
 

All of the stormwater facilities associated with this development are to be owned & 
maintained by the NW 9th Avenue Subdivision Homeowner’s Association. A 
maintenance and operations manual is provided in Appendix E. 
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APPENDIX A 

 

 

Design Criteria 

 

 
Curve Numbers 

Manning’s “n” Values 

Isopluvial Maps (2-, 10-, 25- and 100-Year) 
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Stormwater Models 
 

 



1S

Predev North offsite

2S

Post Dev

4S

Offsite Area

5S

PreDev onsite

6S

HANNAS FARM DEV

7S

LOTS Direct

13S

HANNAS FARM DEV

14S

LOTS Direct

2R

HANNAS SWALE

8R

HANNAS SWALE

3P

Detention Pond

4P

HANNAS DETENTION

9P

HANNAS DETENTION

Routing Diagram for 3332 Detention Pond w offsite
Prepared by HP Inc.,  Printed 8/19/2025

HydroCAD® 10.00  s/n 04953  © 2011 HydroCAD Software Solutions LLC

Subcat Reach Pond Link
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Area Listing (all nodes)

Area

(acres)

CN Description

(subcatchment-numbers)

3.214 69 Landscaping  (2S)

3.400 78 HSG B Meadow or Pasture  (1S)

8.594 78 HSG B Pasture  (4S, 5S)

1.000 85 HSG C Meadow or Pasture  (1S)

1.000 85 HSG C Pasture  (4S)

5.840 89 HSG D Pasture  (5S)

26.136 90   (6S, 7S, 13S, 14S)

0.643 98   (7S, 14S)

5.052 98 Lot roofs and driveways  (2S)

2.768 98 Roads and curbs  (2S)

57.646 87 TOTAL AREA
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Soil Listing (all nodes)

Area

(acres)

Soil

Group

Subcatchment

Numbers

0.000 HSG A

11.994 HSG B 1S, 4S, 5S

2.000 HSG C 1S, 4S

5.840 HSG D 5S

37.812 Other 2S, 6S, 7S, 13S, 14S

57.646 TOTAL AREA
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Ground Covers (all nodes)

HSG-A

(acres)

HSG-B

(acres)

HSG-C

(acres)

HSG-D

(acres)

Other

(acres)

Total

(acres)

Ground

Cover

Subcatchment

Numbers

0.000 11.994 2.000 5.840 26.778 46.612 1S, 4S, 

5S, 6S, 

7S, 13S, 

14S

0.000 0.000 0.000 0.000 3.214 3.214 Landscaping 2S

0.000 0.000 0.000 0.000 5.052 5.052 Lot roofs and driveways 2S

0.000 0.000 0.000 0.000 2.768 2.768 Roads and curbs 2S

0.000 11.994 2.000 5.840 37.812 57.646 TOTAL AREA
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SBUH method, Split Pervious/Imperv.

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

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>0.77"Subcatchment 1S: Predev North offsite
   Flow Length=1,475'   Tc=29.0 min   CN=80/0   Runoff=0.43 cfs  0.283 af

Runoff Area=11.034 ac   70.87% Impervious   Runoff Depth>1.60"Subcatchment 2S: Post Dev
   Tc=6.0 min   CN=69/98   Runoff=4.19 cfs  1.474 af

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>0.78"Subcatchment 4S: Offsite Area
   Tc=6.0 min   CN=80/0   Runoff=0.65 cfs  0.287 af

Runoff Area=11.034 ac   0.00% Impervious   Runoff Depth>0.99"Subcatchment 5S: PreDev onsite
   Flow Length=990'   Tc=25.4 min   CN=84/0   Runoff=1.72 cfs  0.907 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>1.38"Subcatchment 6S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=3.03 cfs  1.337 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>1.52"Subcatchment 7S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=0.63 cfs  0.225 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>1.38"Subcatchment 13S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=3.03 cfs  1.337 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>1.52"Subcatchment 14S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=0.63 cfs  0.225 af

Avg. Flow Depth=0.28'   Max Vel=0.26 fps   Inflow=3.03 cfs  1.337 afReach 2R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=2.94 cfs  1.322 af

Avg. Flow Depth=0.28'   Max Vel=0.26 fps   Inflow=3.03 cfs  1.337 afReach 8R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=2.94 cfs  1.322 af

Peak Elev=144.28'  Storage=7,471 cf   Inflow=5.38 cfs  3.022 afPond 3P: Detention Pond
   Outflow=3.09 cfs  2.986 af

Peak Elev=170.79'  Storage=18,323 cf   Inflow=3.41 cfs  1.548 afPond 4P: HANNAS DETENTION
   Outflow=0.96 cfs  1.260 af

Peak Elev=170.79'  Storage=18,323 cf   Inflow=3.41 cfs  1.548 afPond 9P: HANNAS DETENTION
   Outflow=0.96 cfs  1.260 af

Total Runoff Area = 57.646 ac   Runoff Volume = 6.076 af   Average Runoff Depth = 1.26"
85.32% Pervious = 49.184 ac     14.68% Impervious = 8.463 ac
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Summary for Subcatchment 1S: Predev North offsite

Runoff = 0.43 cfs @ 8.16 hrs,  Volume= 0.283 af,  Depth> 0.77"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (ac) CN Description
* 3.400 78 HSG B Meadow or Pasture
* 1.000 85 HSG C Meadow or Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
16.8 300 0.0667 0.30 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
2.3 331 0.1210 2.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
2.8 342 0.0850 2.04 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
7.1 502 0.0280 1.17 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
29.0 1,475 Total

Subcatchment 1S: Predev North offsite

Runoff

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

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 IA 24-hr
2-year Rainfall=2.35"

Runoff Area=4.400 ac
Runoff Volume=0.283 af

Runoff Depth>0.77"
Flow Length=1,475'

Tc=29.0 min
CN=80/0

0.43 cfs
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Summary for Subcatchment 2S: Post Dev

Runoff = 4.19 cfs @ 7.93 hrs,  Volume= 1.474 af,  Depth> 1.60"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (ac) CN Description
* 2.768 98 Roads and curbs
* 5.052 98 Lot roofs and driveways
* 3.214 69 Landscaping

11.034 90 Weighted Average
3.214 69 29.13% Pervious Area
7.820 98 70.87% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Post Dev

Runoff

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

4

3

2

1

0

Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=11.034 ac
Runoff Volume=1.474 af

Runoff Depth>1.60"
Tc=6.0 min

CN=69/98

4.19 cfs
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Summary for Subcatchment 4S: Offsite Area

Runoff = 0.65 cfs @ 8.00 hrs,  Volume= 0.287 af,  Depth> 0.78"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (ac) CN Description
* 1.000 85 HSG C Pasture
* 0.000 89 HSG D Pasture
* 3.400 78 HSG B Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Offsite Area

Runoff

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=4.400 ac
Runoff Volume=0.287 af

Runoff Depth>0.78"
Tc=6.0 min

CN=80/0

0.65 cfs
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Summary for Subcatchment 5S: PreDev onsite

Runoff = 1.72 cfs @ 8.07 hrs,  Volume= 0.907 af,  Depth> 0.99"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (ac) CN Description
* 5.840 89 HSG D Pasture
* 5.194 78 HSG B Pasture

11.034 84 Weighted Average
11.034 84 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.9 300 0.0770 0.31 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
9.5 690 0.0300 1.21 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
25.4 990 Total

Subcatchment 5S: PreDev onsite
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Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=11.034 ac
Runoff Volume=0.907 af

Runoff Depth>0.99"
Flow Length=990'

Tc=25.4 min
CN=84/0

1.72 cfs
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Summary for Subcatchment 6S: HANNAS FARM DEV

Runoff = 3.03 cfs @ 8.05 hrs,  Volume= 1.337 af,  Depth> 1.38"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 6S: HANNAS FARM DEV

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=505,814 sf
Runoff Volume=1.337 af

Runoff Depth>1.38"
Tc=24.3 min

CN=90/0

3.03 cfs
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Summary for Subcatchment 7S: LOTS Direct

Runoff = 0.63 cfs @ 7.99 hrs,  Volume= 0.225 af,  Depth> 1.52"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 7S: LOTS Direct

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=77,420 sf
Runoff Volume=0.225 af

Runoff Depth>1.52"
Tc=10.7 min

CN=90/98

0.63 cfs
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Summary for Subcatchment 13S: HANNAS FARM DEV

Runoff = 3.03 cfs @ 8.05 hrs,  Volume= 1.337 af,  Depth> 1.38"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 13S: HANNAS FARM DEV

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=505,814 sf
Runoff Volume=1.337 af

Runoff Depth>1.38"
Tc=24.3 min

CN=90/0

3.03 cfs
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Summary for Subcatchment 14S: LOTS Direct

Runoff = 0.63 cfs @ 7.99 hrs,  Volume= 0.225 af,  Depth> 1.52"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  2-year Rainfall=2.35"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 14S: LOTS Direct

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
2-year Rainfall=2.35"

Runoff Area=77,420 sf
Runoff Volume=0.225 af

Runoff Depth>1.52"
Tc=10.7 min

CN=90/98

0.63 cfs
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Summary for Reach 2R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 1.38"    for  2-year event
Inflow = 3.03 cfs @ 8.05 hrs,  Volume= 1.337 af
Outflow = 2.94 cfs @ 8.26 hrs,  Volume= 1.322 af,  Atten= 3%,  Lag= 12.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.26 fps,  Min. Travel Time= 7.3 min
Avg. Velocity = 0.15 fps,  Avg. Travel Time= 13.0 min

Peak Storage= 1,294 cf @ 8.13 hrs
Average Depth at Peak Storage= 0.28'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 2R: HANNAS SWALE

Inflow
Outflow

Hydrograph
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Inflow Area=11.612 ac
Avg. Flow Depth=0.28'

Max Vel=0.26 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

3.03 cfs

2.94 cfs
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Summary for Reach 8R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 1.38"    for  2-year event
Inflow = 3.03 cfs @ 8.05 hrs,  Volume= 1.337 af
Outflow = 2.94 cfs @ 8.26 hrs,  Volume= 1.322 af,  Atten= 3%,  Lag= 12.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.26 fps,  Min. Travel Time= 7.3 min
Avg. Velocity = 0.15 fps,  Avg. Travel Time= 13.0 min

Peak Storage= 1,294 cf @ 8.13 hrs
Average Depth at Peak Storage= 0.28'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 8R: HANNAS SWALE

Inflow
Outflow

Hydrograph

Time  (hours)
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Inflow Area=11.612 ac
Avg. Flow Depth=0.28'

Max Vel=0.26 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

3.03 cfs

2.94 cfs
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Summary for Pond 3P: Detention Pond

Inflow Area = 28.823 ac, 28.25% Impervious,  Inflow Depth > 1.26"    for  2-year event
Inflow = 5.38 cfs @ 7.97 hrs,  Volume= 3.022 af
Outflow = 3.09 cfs @ 8.39 hrs,  Volume= 2.986 af,  Atten= 43%,  Lag= 25.2 min
Primary = 3.09 cfs @ 8.39 hrs,  Volume= 2.986 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 144.28' @ 8.39 hrs   Surf.Area= 6,477 sf   Storage= 7,471 cf

Plug-Flow detention time= 25.1 min calculated for 2.979 af (99% of inflow)
Center-of-Mass det. time= 17.5 min ( 824.9 - 807.4 )

Volume Invert Avail.Storage Storage Description
#1 143.00' 28,914 cf Custom Stage Data (Prismatic) Listed below (Recalc)  x 0.72

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

143.00 7,291 0 0
144.00 8,616 7,954 7,954
145.00 9,997 9,307 17,260
146.00 11,435 10,716 27,976
147.00 12,929 12,182 40,158

Device Routing     Invert Outlet Devices
#1 Primary 143.00' 10.2" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#2 Primary 144.35' 13.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#3 Primary 145.20' 18.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=3.09 cfs @ 8.39 hrs  HW=144.27'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 3.09 cfs @ 5.44 fps)
2=Orifice/Grate  ( Controls 0.00 cfs)
3=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 3P: Detention Pond

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=28.823 ac
Peak Elev=144.28'

Storage=7,471 cf

5.38 cfs

3.09 cfs
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Summary for Pond 4P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 1.39"    for  2-year event
Inflow = 3.41 cfs @ 8.22 hrs,  Volume= 1.548 af
Outflow = 0.96 cfs @ 12.94 hrs,  Volume= 1.260 af,  Atten= 72%,  Lag= 283.4 min
Primary = 0.96 cfs @ 12.94 hrs,  Volume= 1.260 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 170.79' @ 12.94 hrs   Surf.Area= 0 sf   Storage= 18,323 cf

Plug-Flow detention time= 249.6 min calculated for 1.260 af (81% of inflow)
Center-of-Mass det. time= 139.1 min ( 928.6 - 789.4 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.95 cfs @ 12.94 hrs  HW=170.79'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.95 cfs @ 6.44 fps)
2=Orifice/Grate  (Weir Controls 0.00 cfs @ 0.28 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 4P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=170.79'
Storage=18,323 cf

3.41 cfs

0.96 cfs
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Summary for Pond 9P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 1.39"    for  2-year event
Inflow = 3.41 cfs @ 8.22 hrs,  Volume= 1.548 af
Outflow = 0.96 cfs @ 12.94 hrs,  Volume= 1.260 af,  Atten= 72%,  Lag= 283.4 min
Primary = 0.96 cfs @ 12.94 hrs,  Volume= 1.260 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 170.79' @ 12.94 hrs   Surf.Area= 0 sf   Storage= 18,323 cf

Plug-Flow detention time= 249.6 min calculated for 1.260 af (81% of inflow)
Center-of-Mass det. time= 139.1 min ( 928.6 - 789.4 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=0.95 cfs @ 12.94 hrs  HW=170.79'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 0.95 cfs @ 6.44 fps)
2=Orifice/Grate  (Weir Controls 0.00 cfs @ 0.28 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 9P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=170.79'
Storage=18,323 cf

3.41 cfs

0.96 cfs
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SBUH method, Split Pervious/Imperv.

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

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>1.46"Subcatchment 1S: Predev North offsite
   Flow Length=1,475'   Tc=29.0 min   CN=80/0   Runoff=0.99 cfs  0.534 af

Runoff Area=11.034 ac   70.87% Impervious   Runoff Depth>2.41"Subcatchment 2S: Post Dev
   Tc=6.0 min   CN=69/98   Runoff=6.33 cfs  2.218 af

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>1.47"Subcatchment 4S: Offsite Area
   Tc=6.0 min   CN=80/0   Runoff=1.45 cfs  0.541 af

Runoff Area=11.034 ac   0.00% Impervious   Runoff Depth>1.74"Subcatchment 5S: PreDev onsite
   Flow Length=990'   Tc=25.4 min   CN=84/0   Runoff=3.43 cfs  1.603 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>2.24"Subcatchment 6S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=5.13 cfs  2.165 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>2.40"Subcatchment 7S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=1.02 cfs  0.355 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>2.24"Subcatchment 13S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=5.13 cfs  2.165 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>2.40"Subcatchment 14S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=1.02 cfs  0.355 af

Avg. Flow Depth=0.38'   Max Vel=0.32 fps   Inflow=5.13 cfs  2.165 afReach 2R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=5.03 cfs  2.147 af

Avg. Flow Depth=0.38'   Max Vel=0.32 fps   Inflow=5.13 cfs  2.165 afReach 8R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=5.03 cfs  2.147 af

Peak Elev=144.81'  Storage=11,087 cf   Inflow=8.54 cfs  4.846 afPond 3P: Detention Pond
   Outflow=6.69 cfs  4.789 af

Peak Elev=171.33'  Storage=26,126 cf   Inflow=5.83 cfs  2.502 afPond 4P: HANNAS DETENTION
   Outflow=2.27 cfs  2.088 af

Peak Elev=171.33'  Storage=26,126 cf   Inflow=5.83 cfs  2.502 afPond 9P: HANNAS DETENTION
   Outflow=2.27 cfs  2.088 af

Total Runoff Area = 57.646 ac   Runoff Volume = 9.935 af   Average Runoff Depth = 2.07"
85.32% Pervious = 49.184 ac     14.68% Impervious = 8.463 ac
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Summary for Subcatchment 1S: Predev North offsite

Runoff = 0.99 cfs @ 8.07 hrs,  Volume= 0.534 af,  Depth> 1.46"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (ac) CN Description
* 3.400 78 HSG B Meadow or Pasture
* 1.000 85 HSG C Meadow or Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
16.8 300 0.0667 0.30 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
2.3 331 0.1210 2.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
2.8 342 0.0850 2.04 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
7.1 502 0.0280 1.17 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
29.0 1,475 Total

Subcatchment 1S: Predev North offsite

Runoff
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Type IA 24-hr
10-year Rainfall=3.30"
Runoff Area=4.400 ac

Runoff Volume=0.534 af
Runoff Depth>1.46"
Flow Length=1,475'

Tc=29.0 min
CN=80/0

0.99 cfs
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Summary for Subcatchment 2S: Post Dev

Runoff = 6.33 cfs @ 7.94 hrs,  Volume= 2.218 af,  Depth> 2.41"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (ac) CN Description
* 2.768 98 Roads and curbs
* 5.052 98 Lot roofs and driveways
* 3.214 69 Landscaping

11.034 90 Weighted Average
3.214 69 29.13% Pervious Area
7.820 98 70.87% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Post Dev
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Type IA 24-hr
10-year Rainfall=3.30"

Runoff Area=11.034 ac
Runoff Volume=2.218 af

Runoff Depth>2.41"
Tc=6.0 min

CN=69/98

6.33 cfs
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Summary for Subcatchment 4S: Offsite Area

Runoff = 1.45 cfs @ 7.99 hrs,  Volume= 0.541 af,  Depth> 1.47"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (ac) CN Description
* 1.000 85 HSG C Pasture
* 0.000 89 HSG D Pasture
* 3.400 78 HSG B Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Offsite Area
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Type IA 24-hr
10-year Rainfall=3.30"
Runoff Area=4.400 ac

Runoff Volume=0.541 af
Runoff Depth>1.47"

Tc=6.0 min
CN=80/0

1.45 cfs
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Summary for Subcatchment 5S: PreDev onsite

Runoff = 3.43 cfs @ 8.05 hrs,  Volume= 1.603 af,  Depth> 1.74"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (ac) CN Description
* 5.840 89 HSG D Pasture
* 5.194 78 HSG B Pasture

11.034 84 Weighted Average
11.034 84 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.9 300 0.0770 0.31 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
9.5 690 0.0300 1.21 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
25.4 990 Total

Subcatchment 5S: PreDev onsite
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Time  (hours)
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Type IA 24-hr
10-year Rainfall=3.30"

Runoff Area=11.034 ac
Runoff Volume=1.603 af

Runoff Depth>1.74"
Flow Length=990'

Tc=25.4 min
CN=84/0

3.43 cfs
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Summary for Subcatchment 6S: HANNAS FARM DEV

Runoff = 5.13 cfs @ 8.04 hrs,  Volume= 2.165 af,  Depth> 2.24"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 6S: HANNAS FARM DEV

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
10-year Rainfall=3.30"

Runoff Area=505,814 sf
Runoff Volume=2.165 af

Runoff Depth>2.24"
Tc=24.3 min

CN=90/0

5.13 cfs
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Summary for Subcatchment 7S: LOTS Direct

Runoff = 1.02 cfs @ 7.99 hrs,  Volume= 0.355 af,  Depth> 2.40"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 7S: LOTS Direct

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
10-year Rainfall=3.30"
Runoff Area=77,420 sf

Runoff Volume=0.355 af
Runoff Depth>2.40"

Tc=10.7 min
CN=90/98

1.02 cfs
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Summary for Subcatchment 13S: HANNAS FARM DEV

Runoff = 5.13 cfs @ 8.04 hrs,  Volume= 2.165 af,  Depth> 2.24"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 13S: HANNAS FARM DEV

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
10-year Rainfall=3.30"

Runoff Area=505,814 sf
Runoff Volume=2.165 af

Runoff Depth>2.24"
Tc=24.3 min

CN=90/0

5.13 cfs
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Summary for Subcatchment 14S: LOTS Direct

Runoff = 1.02 cfs @ 7.99 hrs,  Volume= 0.355 af,  Depth> 2.40"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  10-year Rainfall=3.30"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 14S: LOTS Direct

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
10-year Rainfall=3.30"
Runoff Area=77,420 sf

Runoff Volume=0.355 af
Runoff Depth>2.40"

Tc=10.7 min
CN=90/98

1.02 cfs
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Summary for Reach 2R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 2.24"    for  10-year event
Inflow = 5.13 cfs @ 8.04 hrs,  Volume= 2.165 af
Outflow = 5.03 cfs @ 8.21 hrs,  Volume= 2.147 af,  Atten= 2%,  Lag= 9.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.32 fps,  Min. Travel Time= 5.9 min
Avg. Velocity = 0.17 fps,  Avg. Travel Time= 11.0 min

Peak Storage= 1,795 cf @ 8.11 hrs
Average Depth at Peak Storage= 0.38'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 2R: HANNAS SWALE

Inflow
Outflow

Hydrograph
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Inflow Area=11.612 ac
Avg. Flow Depth=0.38'

Max Vel=0.32 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

5.13 cfs

5.03 cfs
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Summary for Reach 8R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 2.24"    for  10-year event
Inflow = 5.13 cfs @ 8.04 hrs,  Volume= 2.165 af
Outflow = 5.03 cfs @ 8.21 hrs,  Volume= 2.147 af,  Atten= 2%,  Lag= 9.9 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.32 fps,  Min. Travel Time= 5.9 min
Avg. Velocity = 0.17 fps,  Avg. Travel Time= 11.0 min

Peak Storage= 1,795 cf @ 8.11 hrs
Average Depth at Peak Storage= 0.38'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 8R: HANNAS SWALE

Inflow
Outflow

Hydrograph
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Inflow Area=11.612 ac
Avg. Flow Depth=0.38'

Max Vel=0.32 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

5.13 cfs

5.03 cfs
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Summary for Pond 3P: Detention Pond

Inflow Area = 28.823 ac, 28.25% Impervious,  Inflow Depth > 2.02"    for  10-year event
Inflow = 8.54 cfs @ 7.96 hrs,  Volume= 4.846 af
Outflow = 6.69 cfs @ 8.14 hrs,  Volume= 4.789 af,  Atten= 22%,  Lag= 10.3 min
Primary = 6.69 cfs @ 8.14 hrs,  Volume= 4.789 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 144.81' @ 8.14 hrs   Surf.Area= 7,010 sf   Storage= 11,087 cf

Plug-Flow detention time= 32.6 min calculated for 4.779 af (99% of inflow)
Center-of-Mass det. time= 24.8 min ( 800.4 - 775.6 )

Volume Invert Avail.Storage Storage Description
#1 143.00' 28,914 cf Custom Stage Data (Prismatic) Listed below (Recalc)  x 0.72

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

143.00 7,291 0 0
144.00 8,616 7,954 7,954
145.00 9,997 9,307 17,260
146.00 11,435 10,716 27,976
147.00 12,929 12,182 40,158

Device Routing     Invert Outlet Devices
#1 Primary 143.00' 10.2" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#2 Primary 144.35' 13.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#3 Primary 145.20' 18.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=6.69 cfs @ 8.14 hrs  HW=144.81'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 3.68 cfs @ 6.48 fps)
2=Orifice/Grate  (Orifice Controls 3.01 cfs @ 3.27 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 3P: Detention Pond

Inflow
Primary

Hydrograph

Time  (hours)
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Inflow Area=28.823 ac
Peak Elev=144.81'
Storage=11,087 cf

8.54 cfs

6.69 cfs
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Summary for Pond 4P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 2.24"    for  10-year event
Inflow = 5.83 cfs @ 8.17 hrs,  Volume= 2.502 af
Outflow = 2.27 cfs @ 9.93 hrs,  Volume= 2.088 af,  Atten= 61%,  Lag= 105.5 min
Primary = 2.27 cfs @ 9.93 hrs,  Volume= 2.088 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 171.33' @ 9.93 hrs   Surf.Area= 0 sf   Storage= 26,126 cf

Plug-Flow detention time= 197.2 min calculated for 2.083 af (83% of inflow)
Center-of-Mass det. time= 95.2 min ( 857.6 - 762.4 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=2.27 cfs @ 9.93 hrs  HW=171.33'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.08 cfs @ 7.36 fps)
2=Orifice/Grate  (Orifice Controls 1.19 cfs @ 3.58 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 4P: HANNAS DETENTION

Inflow
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Hydrograph
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Inflow Area=13.389 ac
Peak Elev=171.33'
Storage=26,126 cf

5.83 cfs

2.27 cfs
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Summary for Pond 9P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 2.24"    for  10-year event
Inflow = 5.83 cfs @ 8.17 hrs,  Volume= 2.502 af
Outflow = 2.27 cfs @ 9.93 hrs,  Volume= 2.088 af,  Atten= 61%,  Lag= 105.5 min
Primary = 2.27 cfs @ 9.93 hrs,  Volume= 2.088 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 171.33' @ 9.93 hrs   Surf.Area= 0 sf   Storage= 26,126 cf

Plug-Flow detention time= 197.2 min calculated for 2.083 af (83% of inflow)
Center-of-Mass det. time= 95.2 min ( 857.6 - 762.4 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=2.27 cfs @ 9.93 hrs  HW=171.33'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.08 cfs @ 7.36 fps)
2=Orifice/Grate  (Orifice Controls 1.19 cfs @ 3.58 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 9P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=171.33'
Storage=26,126 cf

5.83 cfs

2.27 cfs
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SBUH method, Split Pervious/Imperv.

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

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>1.85"Subcatchment 1S: Predev North offsite
   Flow Length=1,475'   Tc=29.0 min   CN=80/0   Runoff=1.33 cfs  0.678 af

Runoff Area=11.034 ac   70.87% Impervious   Runoff Depth>2.85"Subcatchment 2S: Post Dev
   Tc=6.0 min   CN=69/98   Runoff=7.50 cfs  2.623 af

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>1.87"Subcatchment 4S: Offsite Area
   Tc=6.0 min   CN=80/0   Runoff=1.91 cfs  0.686 af

Runoff Area=11.034 ac   0.00% Impervious   Runoff Depth>2.17"Subcatchment 5S: PreDev onsite
   Flow Length=990'   Tc=25.4 min   CN=84/0   Runoff=4.40 cfs  1.994 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>2.70"Subcatchment 6S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=6.26 cfs  2.614 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>2.87"Subcatchment 7S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=1.23 cfs  0.425 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>2.70"Subcatchment 13S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=6.26 cfs  2.614 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>2.87"Subcatchment 14S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=1.23 cfs  0.425 af

Avg. Flow Depth=0.43'   Max Vel=0.35 fps   Inflow=6.26 cfs  2.614 afReach 2R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=6.15 cfs  2.594 af

Avg. Flow Depth=0.43'   Max Vel=0.35 fps   Inflow=6.26 cfs  2.614 afReach 8R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=6.15 cfs  2.594 af

Peak Elev=145.11'  Storage=13,221 cf   Inflow=10.27 cfs  5.896 afPond 3P: Detention Pond
   Outflow=7.84 cfs  5.817 af

Peak Elev=171.63'  Storage=30,694 cf   Inflow=7.13 cfs  3.019 afPond 4P: HANNAS DETENTION
   Outflow=3.13 cfs  2.587 af

Peak Elev=171.63'  Storage=30,694 cf   Inflow=7.13 cfs  3.019 afPond 9P: HANNAS DETENTION
   Outflow=3.13 cfs  2.587 af

Total Runoff Area = 57.646 ac   Runoff Volume = 12.059 af   Average Runoff Depth = 2.51"
85.32% Pervious = 49.184 ac     14.68% Impervious = 8.463 ac
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Summary for Subcatchment 1S: Predev North offsite

Runoff = 1.33 cfs @ 8.07 hrs,  Volume= 0.678 af,  Depth> 1.85"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (ac) CN Description
* 3.400 78 HSG B Meadow or Pasture
* 1.000 85 HSG C Meadow or Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
16.8 300 0.0667 0.30 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
2.3 331 0.1210 2.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
2.8 342 0.0850 2.04 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
7.1 502 0.0280 1.17 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
29.0 1,475 Total

Subcatchment 1S: Predev North offsite

Runoff
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Type IA 24-hr
25-year Rainfall=3.80"
Runoff Area=4.400 ac

Runoff Volume=0.678 af
Runoff Depth>1.85"
Flow Length=1,475'

Tc=29.0 min
CN=80/0

1.33 cfs
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Summary for Subcatchment 2S: Post Dev

Runoff = 7.50 cfs @ 7.94 hrs,  Volume= 2.623 af,  Depth> 2.85"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (ac) CN Description
* 2.768 98 Roads and curbs
* 5.052 98 Lot roofs and driveways
* 3.214 69 Landscaping

11.034 90 Weighted Average
3.214 69 29.13% Pervious Area
7.820 98 70.87% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Post Dev
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Type IA 24-hr
25-year Rainfall=3.80"

Runoff Area=11.034 ac
Runoff Volume=2.623 af

Runoff Depth>2.85"
Tc=6.0 min

CN=69/98

7.50 cfs
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Summary for Subcatchment 4S: Offsite Area

Runoff = 1.91 cfs @ 7.98 hrs,  Volume= 0.686 af,  Depth> 1.87"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (ac) CN Description
* 1.000 85 HSG C Pasture
* 0.000 89 HSG D Pasture
* 3.400 78 HSG B Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Offsite Area
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Type IA 24-hr
25-year Rainfall=3.80"
Runoff Area=4.400 ac

Runoff Volume=0.686 af
Runoff Depth>1.87"

Tc=6.0 min
CN=80/0

1.91 cfs
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Summary for Subcatchment 5S: PreDev onsite

Runoff = 4.40 cfs @ 8.05 hrs,  Volume= 1.994 af,  Depth> 2.17"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (ac) CN Description
* 5.840 89 HSG D Pasture
* 5.194 78 HSG B Pasture

11.034 84 Weighted Average
11.034 84 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.9 300 0.0770 0.31 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
9.5 690 0.0300 1.21 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
25.4 990 Total

Subcatchment 5S: PreDev onsite
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Type IA 24-hr
25-year Rainfall=3.80"

Runoff Area=11.034 ac
Runoff Volume=1.994 af

Runoff Depth>2.17"
Flow Length=990'

Tc=25.4 min
CN=84/0

4.40 cfs



Type IA 24-hr  25-year Rainfall=3.80"3332 Detention Pond w offsite
  Printed  8/19/2025Prepared by HP Inc.

Page 44HydroCAD® 10.00  s/n 04953  © 2011 HydroCAD Software Solutions LLC

Summary for Subcatchment 6S: HANNAS FARM DEV

Runoff = 6.26 cfs @ 8.04 hrs,  Volume= 2.614 af,  Depth> 2.70"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 6S: HANNAS FARM DEV
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Type IA 24-hr
25-year Rainfall=3.80"

Runoff Area=505,814 sf
Runoff Volume=2.614 af

Runoff Depth>2.70"
Tc=24.3 min

CN=90/0

6.26 cfs
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Summary for Subcatchment 7S: LOTS Direct

Runoff = 1.23 cfs @ 7.99 hrs,  Volume= 0.425 af,  Depth> 2.87"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 7S: LOTS Direct

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
25-year Rainfall=3.80"
Runoff Area=77,420 sf

Runoff Volume=0.425 af
Runoff Depth>2.87"

Tc=10.7 min
CN=90/98

1.23 cfs
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Summary for Subcatchment 13S: HANNAS FARM DEV

Runoff = 6.26 cfs @ 8.04 hrs,  Volume= 2.614 af,  Depth> 2.70"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 13S: HANNAS FARM DEV
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Type IA 24-hr
25-year Rainfall=3.80"

Runoff Area=505,814 sf
Runoff Volume=2.614 af

Runoff Depth>2.70"
Tc=24.3 min

CN=90/0

6.26 cfs
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Summary for Subcatchment 14S: LOTS Direct

Runoff = 1.23 cfs @ 7.99 hrs,  Volume= 0.425 af,  Depth> 2.87"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  25-year Rainfall=3.80"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 14S: LOTS Direct

Runoff
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Type IA 24-hr
25-year Rainfall=3.80"
Runoff Area=77,420 sf

Runoff Volume=0.425 af
Runoff Depth>2.87"

Tc=10.7 min
CN=90/98

1.23 cfs
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Summary for Reach 2R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 2.70"    for  25-year event
Inflow = 6.26 cfs @ 8.04 hrs,  Volume= 2.614 af
Outflow = 6.15 cfs @ 8.19 hrs,  Volume= 2.594 af,  Atten= 2%,  Lag= 9.2 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.35 fps,  Min. Travel Time= 5.5 min
Avg. Velocity = 0.19 fps,  Avg. Travel Time= 10.3 min

Peak Storage= 2,032 cf @ 8.10 hrs
Average Depth at Peak Storage= 0.43'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 2R: HANNAS SWALE
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Inflow Area=11.612 ac
Avg. Flow Depth=0.43'

Max Vel=0.35 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

6.26 cfs

6.15 cfs
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Summary for Reach 8R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 2.70"    for  25-year event
Inflow = 6.26 cfs @ 8.04 hrs,  Volume= 2.614 af
Outflow = 6.15 cfs @ 8.19 hrs,  Volume= 2.594 af,  Atten= 2%,  Lag= 9.2 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.35 fps,  Min. Travel Time= 5.5 min
Avg. Velocity = 0.19 fps,  Avg. Travel Time= 10.3 min

Peak Storage= 2,032 cf @ 8.10 hrs
Average Depth at Peak Storage= 0.43'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 8R: HANNAS SWALE

Inflow
Outflow

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

7

6

5

4

3

2

1

0

Inflow Area=11.612 ac
Avg. Flow Depth=0.43'

Max Vel=0.35 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

6.26 cfs

6.15 cfs
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Summary for Pond 3P: Detention Pond

Inflow Area = 28.823 ac, 28.25% Impervious,  Inflow Depth > 2.45"    for  25-year event
Inflow = 10.27 cfs @ 7.96 hrs,  Volume= 5.896 af
Outflow = 7.84 cfs @ 8.18 hrs,  Volume= 5.817 af,  Atten= 24%,  Lag= 13.4 min
Primary = 7.84 cfs @ 8.18 hrs,  Volume= 5.817 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 145.11' @ 8.18 hrs   Surf.Area= 7,311 sf   Storage= 13,221 cf

Plug-Flow detention time= 32.9 min calculated for 5.805 af (98% of inflow)
Center-of-Mass det. time= 24.0 min ( 792.4 - 768.4 )

Volume Invert Avail.Storage Storage Description
#1 143.00' 28,914 cf Custom Stage Data (Prismatic) Listed below (Recalc)  x 0.72

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

143.00 7,291 0 0
144.00 8,616 7,954 7,954
145.00 9,997 9,307 17,260
146.00 11,435 10,716 27,976
147.00 12,929 12,182 40,158

Device Routing     Invert Outlet Devices
#1 Primary 143.00' 10.2" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#2 Primary 144.35' 13.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#3 Primary 145.20' 18.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=7.83 cfs @ 8.18 hrs  HW=145.11'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 3.97 cfs @ 6.99 fps)
2=Orifice/Grate  (Orifice Controls 3.87 cfs @ 4.19 fps)
3=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 3P: Detention Pond

Inflow
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Hydrograph
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Inflow Area=28.823 ac
Peak Elev=145.11'
Storage=13,221 cf

10.27 cfs

7.84 cfs
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Summary for Pond 4P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 2.71"    for  25-year event
Inflow = 7.13 cfs @ 8.16 hrs,  Volume= 3.019 af
Outflow = 3.13 cfs @ 9.53 hrs,  Volume= 2.587 af,  Atten= 56%,  Lag= 82.4 min
Primary = 3.13 cfs @ 9.53 hrs,  Volume= 2.587 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 171.63' @ 9.53 hrs   Surf.Area= 0 sf   Storage= 30,694 cf

Plug-Flow detention time= 180.8 min calculated for 2.581 af (85% of inflow)
Center-of-Mass det. time= 90.5 min ( 842.8 - 752.4 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=3.13 cfs @ 9.53 hrs  HW=171.63'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.15 cfs @ 7.81 fps)
2=Orifice/Grate  (Orifice Controls 1.47 cfs @ 4.44 fps)
3=Orifice/Grate  (Orifice Controls 0.51 cfs @ 2.59 fps)
4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 4P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=171.63'
Storage=30,694 cf

7.13 cfs

3.13 cfs
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Summary for Pond 9P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 2.71"    for  25-year event
Inflow = 7.13 cfs @ 8.16 hrs,  Volume= 3.019 af
Outflow = 3.13 cfs @ 9.53 hrs,  Volume= 2.587 af,  Atten= 56%,  Lag= 82.4 min
Primary = 3.13 cfs @ 9.53 hrs,  Volume= 2.587 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 171.63' @ 9.53 hrs   Surf.Area= 0 sf   Storage= 30,694 cf

Plug-Flow detention time= 180.8 min calculated for 2.581 af (85% of inflow)
Center-of-Mass det. time= 90.5 min ( 842.8 - 752.4 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=3.13 cfs @ 9.53 hrs  HW=171.63'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.15 cfs @ 7.81 fps)
2=Orifice/Grate  (Orifice Controls 1.47 cfs @ 4.44 fps)
3=Orifice/Grate  (Orifice Controls 0.51 cfs @ 2.59 fps)
4=Orifice/Grate  ( Controls 0.00 cfs)
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Pond 9P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=171.63'
Storage=30,694 cf

7.13 cfs

3.13 cfs
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Time span=0.00-24.00 hrs, dt=0.05 hrs, 481 points
Runoff by SBUH method, Split Pervious/Imperv.

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

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>2.38"Subcatchment 1S: Predev North offsite
   Flow Length=1,475'   Tc=29.0 min   CN=80/0   Runoff=1.79 cfs  0.874 af

Runoff Area=11.034 ac   70.87% Impervious   Runoff Depth>3.44"Subcatchment 2S: Post Dev
   Tc=6.0 min   CN=69/98   Runoff=9.06 cfs  3.159 af

Runoff Area=4.400 ac   0.00% Impervious   Runoff Depth>2.41"Subcatchment 4S: Offsite Area
   Tc=6.0 min   CN=80/0   Runoff=2.55 cfs  0.884 af

Runoff Area=11.034 ac   0.00% Impervious   Runoff Depth>2.74"Subcatchment 5S: PreDev onsite
   Flow Length=990'   Tc=25.4 min   CN=84/0   Runoff=5.71 cfs  2.518 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>3.31"Subcatchment 6S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=7.74 cfs  3.207 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>3.49"Subcatchment 7S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=1.50 cfs  0.517 af

Runoff Area=505,814 sf   0.00% Impervious   Runoff Depth>3.31"Subcatchment 13S: HANNAS FARM DEV
   Tc=24.3 min   CN=90/0   Runoff=7.74 cfs  3.207 af

Runoff Area=77,420 sf   18.08% Impervious   Runoff Depth>3.49"Subcatchment 14S: LOTS Direct
   Tc=10.7 min   CN=90/98   Runoff=1.50 cfs  0.517 af

Avg. Flow Depth=0.49'   Max Vel=0.38 fps   Inflow=7.74 cfs  3.207 afReach 2R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=7.62 cfs  3.185 af

Avg. Flow Depth=0.49'   Max Vel=0.38 fps   Inflow=7.74 cfs  3.207 afReach 8R: HANNAS SWALE
n=0.240   L=115.0'   S=0.0103 '/'   Capacity=83.71 cfs   Outflow=7.62 cfs  3.185 af

Peak Elev=145.48'  Storage=16,018 cf   Inflow=13.48 cfs  7.297 afPond 3P: Detention Pond
   Outflow=11.34 cfs  7.179 af

Peak Elev=172.03'  Storage=36,866 cf   Inflow=8.83 cfs  3.702 afPond 4P: HANNAS DETENTION
   Outflow=4.22 cfs  3.253 af

Peak Elev=172.03'  Storage=36,866 cf   Inflow=8.83 cfs  3.702 afPond 9P: HANNAS DETENTION
   Outflow=4.22 cfs  3.253 af

Total Runoff Area = 57.646 ac   Runoff Volume = 14.884 af   Average Runoff Depth = 3.10"
85.32% Pervious = 49.184 ac     14.68% Impervious = 8.463 ac
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Summary for Subcatchment 1S: Predev North offsite

Runoff = 1.79 cfs @ 8.06 hrs,  Volume= 0.874 af,  Depth> 2.38"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (ac) CN Description
* 3.400 78 HSG B Meadow or Pasture
* 1.000 85 HSG C Meadow or Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
16.8 300 0.0667 0.30 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
2.3 331 0.1210 2.43 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
2.8 342 0.0850 2.04 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
7.1 502 0.0280 1.17 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
29.0 1,475 Total

Subcatchment 1S: Predev North offsite
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Type IA 24-hr
100-Year Rainfall=4.45"

Runoff Area=4.400 ac
Runoff Volume=0.874 af

Runoff Depth>2.38"
Flow Length=1,475'

Tc=29.0 min
CN=80/0

1.79 cfs
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Summary for Subcatchment 2S: Post Dev

Runoff = 9.06 cfs @ 7.93 hrs,  Volume= 3.159 af,  Depth> 3.44"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (ac) CN Description
* 2.768 98 Roads and curbs
* 5.052 98 Lot roofs and driveways
* 3.214 69 Landscaping

11.034 90 Weighted Average
3.214 69 29.13% Pervious Area
7.820 98 70.87% Impervious Area

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

6.0 Direct Entry, 

Subcatchment 2S: Post Dev
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Type IA 24-hr
100-Year Rainfall=4.45"
Runoff Area=11.034 ac

Runoff Volume=3.159 af
Runoff Depth>3.44"

Tc=6.0 min
CN=69/98

9.06 cfs
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Summary for Subcatchment 4S: Offsite Area

Runoff = 2.55 cfs @ 7.98 hrs,  Volume= 0.884 af,  Depth> 2.41"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (ac) CN Description
* 1.000 85 HSG C Pasture
* 0.000 89 HSG D Pasture
* 3.400 78 HSG B Pasture

4.400 80 Weighted Average
4.400 80 100.00% Pervious Area

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

6.0 Direct Entry, 

Subcatchment 4S: Offsite Area
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Type IA 24-hr
100-Year Rainfall=4.45"

Runoff Area=4.400 ac
Runoff Volume=0.884 af

Runoff Depth>2.41"
Tc=6.0 min

CN=80/0

2.55 cfs
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Summary for Subcatchment 5S: PreDev onsite

Runoff = 5.71 cfs @ 8.05 hrs,  Volume= 2.518 af,  Depth> 2.74"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (ac) CN Description
* 5.840 89 HSG D Pasture
* 5.194 78 HSG B Pasture

11.034 84 Weighted Average
11.034 84 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
15.9 300 0.0770 0.31 Sheet Flow, 

Grass: Short   n= 0.150   P2= 2.40"
9.5 690 0.0300 1.21 Shallow Concentrated Flow, 

Short Grass Pasture   Kv= 7.0 fps
25.4 990 Total

Subcatchment 5S: PreDev onsite

Runoff
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Type IA 24-hr
100-Year Rainfall=4.45"
Runoff Area=11.034 ac

Runoff Volume=2.518 af
Runoff Depth>2.74"

Flow Length=990'
Tc=25.4 min

CN=84/0

5.71 cfs
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Summary for Subcatchment 6S: HANNAS FARM DEV

Runoff = 7.74 cfs @ 8.04 hrs,  Volume= 3.207 af,  Depth> 3.31"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 6S: HANNAS FARM DEV
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Type IA 24-hr
100-Year Rainfall=4.45"
Runoff Area=505,814 sf

Runoff Volume=3.207 af
Runoff Depth>3.31"

Tc=24.3 min
CN=90/0

7.74 cfs



Type IA 24-hr  100-Year Rainfall=4.45"3332 Detention Pond w offsite
  Printed  8/19/2025Prepared by HP Inc.

Page 62HydroCAD® 10.00  s/n 04953  © 2011 HydroCAD Software Solutions LLC

Summary for Subcatchment 7S: LOTS Direct

Runoff = 1.50 cfs @ 7.99 hrs,  Volume= 0.517 af,  Depth> 3.49"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 7S: LOTS Direct

Runoff
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Type IA 24-hr
100-Year Rainfall=4.45"
Runoff Area=77,420 sf

Runoff Volume=0.517 af
Runoff Depth>3.49"

Tc=10.7 min
CN=90/98

1.50 cfs
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Summary for Subcatchment 13S: HANNAS FARM DEV

Runoff = 7.74 cfs @ 8.04 hrs,  Volume= 3.207 af,  Depth> 3.31"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (sf) CN Description
* 505,814 90

505,814 90 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
24.3 Direct Entry, 

Subcatchment 13S: HANNAS FARM DEV
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Type IA 24-hr
100-Year Rainfall=4.45"
Runoff Area=505,814 sf

Runoff Volume=3.207 af
Runoff Depth>3.31"

Tc=24.3 min
CN=90/0

7.74 cfs
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Summary for Subcatchment 14S: LOTS Direct

Runoff = 1.50 cfs @ 7.99 hrs,  Volume= 0.517 af,  Depth> 3.49"

Runoff by SBUH method, Split Pervious/Imperv., Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Type IA 24-hr  100-Year Rainfall=4.45"

Area (sf) CN Description
* 14,000 98
* 63,420 90

77,420 91 Weighted Average
63,420 90 81.92% Pervious Area
14,000 98 18.08% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
10.7 Direct Entry, 

Subcatchment 14S: LOTS Direct

Runoff

Hydrograph

Time  (hours)
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Type IA 24-hr
100-Year Rainfall=4.45"
Runoff Area=77,420 sf

Runoff Volume=0.517 af
Runoff Depth>3.49"

Tc=10.7 min
CN=90/98

1.50 cfs
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Summary for Reach 2R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 3.31"    for  100-Year event
Inflow = 7.74 cfs @ 8.04 hrs,  Volume= 3.207 af
Outflow = 7.62 cfs @ 8.17 hrs,  Volume= 3.185 af,  Atten= 2%,  Lag= 8.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.38 fps,  Min. Travel Time= 5.1 min
Avg. Velocity = 0.20 fps,  Avg. Travel Time= 9.5 min

Peak Storage= 2,320 cf @ 8.09 hrs
Average Depth at Peak Storage= 0.49'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 2R: HANNAS SWALE

Inflow
Outflow

Hydrograph

Time  (hours)
2423222120191817161514131211109876543210

F
lo

w
  

(c
fs

)

8

7

6

5

4

3

2

1

0

Inflow Area=11.612 ac
Avg. Flow Depth=0.49'

Max Vel=0.38 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

7.74 cfs

7.62 cfs
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Summary for Reach 8R: HANNAS SWALE

Inflow Area = 11.612 ac, 0.00% Impervious,  Inflow Depth > 3.31"    for  100-Year event
Inflow = 7.74 cfs @ 8.04 hrs,  Volume= 3.207 af
Outflow = 7.62 cfs @ 8.17 hrs,  Volume= 3.185 af,  Atten= 2%,  Lag= 8.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Max. Velocity= 0.38 fps,  Min. Travel Time= 5.1 min
Avg. Velocity = 0.20 fps,  Avg. Travel Time= 9.5 min

Peak Storage= 2,320 cf @ 8.09 hrs
Average Depth at Peak Storage= 0.49'
Bank-Full Depth= 2.00'  Flow Area= 92.0 sf,  Capacity= 83.71 cfs

40.00'  x  2.00'  deep channel,  n= 0.240
Side Slope Z-value= 3.0 '/'   Top Width= 52.00'
Length= 115.0'   Slope= 0.0103 '/'
Inlet Invert= 173.78',  Outlet Invert= 172.60'

‡

Reach 8R: HANNAS SWALE
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Inflow Area=11.612 ac
Avg. Flow Depth=0.49'

Max Vel=0.38 fps
n=0.240
L=115.0'

S=0.0103 '/'
Capacity=83.71 cfs

7.74 cfs

7.62 cfs



Type IA 24-hr  100-Year Rainfall=4.45"3332 Detention Pond w offsite
  Printed  8/19/2025Prepared by HP Inc.

Page 67HydroCAD® 10.00  s/n 04953  © 2011 HydroCAD Software Solutions LLC

Summary for Pond 3P: Detention Pond

Inflow Area = 28.823 ac, 28.25% Impervious,  Inflow Depth > 3.04"    for  100-Year event
Inflow = 13.48 cfs @ 7.98 hrs,  Volume= 7.297 af
Outflow = 11.34 cfs @ 8.12 hrs,  Volume= 7.179 af,  Atten= 16%,  Lag= 8.1 min
Primary = 11.34 cfs @ 8.12 hrs,  Volume= 7.179 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 145.48' @ 8.12 hrs   Surf.Area= 7,697 sf   Storage= 16,018 cf

Plug-Flow detention time= 32.2 min calculated for 7.165 af (98% of inflow)
Center-of-Mass det. time= 21.5 min ( 783.4 - 762.0 )

Volume Invert Avail.Storage Storage Description
#1 143.00' 28,914 cf Custom Stage Data (Prismatic) Listed below (Recalc)  x 0.72

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

143.00 7,291 0 0
144.00 8,616 7,954 7,954
145.00 9,997 9,307 17,260
146.00 11,435 10,716 27,976
147.00 12,929 12,182 40,158

Device Routing     Invert Outlet Devices
#1 Primary 143.00' 10.2" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#2 Primary 144.35' 13.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   
#3 Primary 145.20' 18.0" Horiz. Orifice/Grate    C= 0.600   

Limited to weir flow at low heads   

Primary OutFlow  Max=11.29 cfs @ 8.12 hrs  HW=145.48'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 4.30 cfs @ 7.58 fps)
2=Orifice/Grate  (Orifice Controls 4.72 cfs @ 5.12 fps)
3=Orifice/Grate  (Weir Controls 2.27 cfs @ 1.73 fps)
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Pond 3P: Detention Pond
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Inflow Area=28.823 ac
Peak Elev=145.48'
Storage=16,018 cf

13.48 cfs

11.34 cfs



Type IA 24-hr  100-Year Rainfall=4.45"3332 Detention Pond w offsite
  Printed  8/19/2025Prepared by HP Inc.

Page 69HydroCAD® 10.00  s/n 04953  © 2011 HydroCAD Software Solutions LLC

Summary for Pond 4P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 3.32"    for  100-Year event
Inflow = 8.83 cfs @ 8.15 hrs,  Volume= 3.702 af
Outflow = 4.22 cfs @ 9.33 hrs,  Volume= 3.253 af,  Atten= 52%,  Lag= 71.0 min
Primary = 4.22 cfs @ 9.33 hrs,  Volume= 3.253 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 172.03' @ 9.33 hrs   Surf.Area= 0 sf   Storage= 36,866 cf

Plug-Flow detention time= 167.8 min calculated for 3.253 af (88% of inflow)
Center-of-Mass det. time= 89.3 min ( 831.3 - 742.0 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=4.21 cfs @ 9.33 hrs  HW=172.03'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.24 cfs @ 8.38 fps)
2=Orifice/Grate  (Orifice Controls 1.78 cfs @ 5.38 fps)
3=Orifice/Grate  (Orifice Controls 0.78 cfs @ 3.99 fps)
4=Orifice/Grate  (Orifice Controls 0.41 cfs @ 2.15 fps)
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Pond 4P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=172.03'
Storage=36,866 cf

8.83 cfs

4.22 cfs
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Summary for Pond 9P: HANNAS DETENTION

Inflow Area = 13.389 ac, 2.40% Impervious,  Inflow Depth > 3.32"    for  100-Year event
Inflow = 8.83 cfs @ 8.15 hrs,  Volume= 3.702 af
Outflow = 4.22 cfs @ 9.33 hrs,  Volume= 3.253 af,  Atten= 52%,  Lag= 71.0 min
Primary = 4.22 cfs @ 9.33 hrs,  Volume= 3.253 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.05 hrs
Peak Elev= 172.03' @ 9.33 hrs   Surf.Area= 0 sf   Storage= 36,866 cf

Plug-Flow detention time= 167.8 min calculated for 3.253 af (88% of inflow)
Center-of-Mass det. time= 89.3 min ( 831.3 - 742.0 )

Volume Invert Avail.Storage Storage Description
#1 169.00' 52,742 cf Custom Stage Data Listed below

Elevation Cum.Store
(feet) (cubic-feet)

169.00 0
170.00 8,536
171.00 20,971
172.00 36,417
173.00 52,742

Device Routing     Invert Outlet Devices
#1 Primary 169.00' 5.2" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#2 Primary 170.78' 7.8" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#3 Primary 171.34' 6.0" Horiz. Orifice/Grate    C= 0.600   Limited to weir flow at low heads   
#4 Primary 171.63' 6.9" Vert. Orifice/Grate    C= 0.600   

Primary OutFlow  Max=4.21 cfs @ 9.33 hrs  HW=172.03'   (Free Discharge)
1=Orifice/Grate  (Orifice Controls 1.24 cfs @ 8.38 fps)
2=Orifice/Grate  (Orifice Controls 1.78 cfs @ 5.38 fps)
3=Orifice/Grate  (Orifice Controls 0.78 cfs @ 3.99 fps)
4=Orifice/Grate  (Orifice Controls 0.41 cfs @ 2.15 fps)
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Pond 9P: HANNAS DETENTION
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Inflow Area=13.389 ac
Peak Elev=172.03'
Storage=36,866 cf

8.83 cfs
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PRE-DEVELOPED BASIN:
The far southern portion of the site flows south towards a ditchalong Pacific Highway. The rest of the site flows towards themiddle and east towards an existing culvert under NW 9thAve.
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5.84 AC

Total: 15.43 AC

Meadow or Pasture HSG C 1.00 AC
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Catch Basin  

A catch basin is an underground concrete structure typically fitted with a slotted grate to collect 
stormwater runoff and route it through underground pipes. Catch basins can also be used as a 
junction in a pipe system and may have a solid lid. There are two types. 

A Type 1 catch basin is a rectangular box with approximate dimensions of 3’x2’x5’. Type 1 catch 
basins are utilized when the connected conveyance pipes are less than 18 inches in diameter and the 
depth from the gate to the bottom of the pipe is less than 5 feet. 

A Type 2 catch basin, also commonly referred to as a storm manhole, is listed separately under 
“Manhole” in this book. 

Catch basins typically provide a storage volume (sump) below the outlet pipe to allow sediments and 
debris to settle out of the stormwater runoff. Some catch basins are also fitted with a spill control 
device (inverted elbow on outlet pipe) intended to contain large quantities of grease or debris. 

Catch basins are frequently associated with all stormwater facilities.  
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Key Operations and Maintenance Considerations 
• The most common tool for cleaning catch basins is an industrial vacuum truck with a tank and 

vacuum hose (e.g. Vactor® truck) to remove sediment and debris from the sump.  

• A catch basin may be an enclosed space where harmful chemicals and vapors can accumulate. 
Therefore, if the inspection and maintenance requires entering a catch basin, it should be 
conducted by an individual trained and certified to work in hazardous confined spaces. 

 

Catch Basin 
Drainage 
System Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

General Trash and 
Debris  

Trash or debris which is located 
immediately in front of the catch basin 
opening or is blocking inletting capacity 
of the basin by more than 10%. 

No trash or debris located immediately in 
front of catch basin or on grate opening. 

Trash or debris (in the basin) that 
exceeds 60 percent of the sump depth as 
measured from the bottom of basin to 
invert of the lowest pipe into or out of the 
basin, but in no case less than a 
minimum of six inches clearance from the 
debris surface to the invert of the lowest 
pipe. 

No trash or debris in the catch basin. 

Trash or debris in any inlet or outlet pipe 
blocking more than 1/3 of its height. 

Inlet and outlet pipes free of trash or debris. 

Dead animals or vegetation that could 
generate odors that could cause 
complaints or dangerous gases (e.g., 
methane). 

No dead animals or vegetation present within 
the catch basin. 

Sediment Sediment (in the basin) that exceeds 60 
percent of the sump depth as measured 
from the bottom of basin to invert of the 
lowest pipe into or out of the basin, but in 
no case less than a minimum of 6 inches 
clearance from the sediment surface to 
the invert of the lowest pipe. 

No sediment in the catch basin. 

Structure 
Damage to 
Frame and/or 
Top Slab 

Top slab has holes larger than 2 square 
inches or cracks wider than 1/4 inch.  
 
(Intent is to make sure no material is 
running into basin.) 

Top slab is free of holes and cracks. 

Frame not sitting flush on top slab, i.e., 
separation of more than 3/4 inch of the 
frame from the top slab. Frame not 
securely attached. 

Frame is sitting flush on the riser rings or top 
slab and firmly attached. 

Fractures or 
Cracks in 

Maintenance person judges that structure 
is unsound. 

Basin replaced or repaired to design 
standards. 
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Basin Walls/ 
Bottom 

Grout fillet has separated or cracked 
wider than 1/2 inch and longer than 1 foot 
at the joint of any inlet/outlet pipe or any 
evidence of soil particles entering catch 
basin through cracks. 

Pipe is regrouted and secure at basin wall. 

Settlement/ 
Misalignment 

If failure of basin has created a safety, 
function, or design problem.  

Basin replaced or repaired to design 
standards. 

Vegetation 
Inhibiting 
System 

Vegetation growing across and blocking 
more than 10% of the basin opening. 

No vegetation blocking opening to basin. 

Vegetation growing in inlet/outlet pipe 
joints that is more than six inches tall and 
less than six inches apart. 

No vegetation or root growth present. 

Contaminants 
and Pollution 

Any evidence of oil, gasoline, 
contaminants or other pollutants. Sheen, 
obvious oil or other contaminants 
present. 
 
• Identify and remove source, AND 
• Report to Clark County Clean Water 
  Program. 

No contaminants or pollutants present.  

Catch Basin 
Cover 

Cover Not in 
Place 

Cover is missing or only partially in place. 
Any open catch basin requires 
maintenance. 

Catch basin cover is closed. 

Locking 
Mechanism 
Not Working 

Mechanism cannot be opened by one 
maintenance person with proper tools.  
Bolts into frame have less than 1/2 inch 
of thread. 

Mechanism opens with proper tools. 

Cover 
Difficult to 
Remove 

One maintenance person cannot remove 
lid after applying normal lifting pressure 
(Intent is to keep cover from sealing off 
access to maintenance). 

Cover can be removed by one maintenance 
person. 

Metal Grates          
(If Applicable) 

Grate 
Opening 
Unsafe 

Grate with opening wider than 7/8 inch. Grate opening meets design standards. 

Trash and 
Debris 

Trash and debris that is blocking more 
than 20% of grate surface inletting 
capacity. 

Grate free of trash and debris. 

Damaged or 
Missing 

Grate missing or broken member(s) of 
the grate. 

Grate is in place and meets design 
standards. 

Oil/Debris Trap (If 
Applicable) 

Dislodged Oil or debris trap is misaligned with or 
dislodged from the outlet pipe. 

Trap is connected to and aligned with outlet 
pipe. 
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Manhole  

A manhole is an underground concrete structure typically fitted with a slotted grate to collect 
stormwater runoff and route it through underground pipes. Manholes can also be used as a junction 
in a pipe system and may have a solid lid. A manhole is also known as a Type 2 catch basin. 

Manholes are round concrete structures ranging in diameter from 4 feet to 8 feet. They are used 
when the connecting conveyance pipe is 18 inches or greater or the depth from grate to pipe bottom 
exceeds 5 feet. Manholes typically have steps mounted on the side of the structure to allow access. 

Manholes typically provide a storage volume (sump) below the outlet pipe to allow sediments and 
debris to settle out of the stormwater runoff. Some manholes are also fitted with a spill control 
device (inverted elbow on outlet pipe) intended to contain large quantities of grease or oils. 

Manholes are often associated with other stormwater facilities.  
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Key Operations and Maintenance Considerations 
• The most common tool for cleaning manholes is a truck with a tank and vacuum hose (Vactor® 

truck) to remove sediment and debris from the sump.  

• A manhole may be an enclosed space where harmful chemicals and vapors can accumulate. 
Therefore, if the inspection and maintenance requires entering a manhole, it should be 
conducted by an individual trained and certified to work in hazardous confined spaces. 

 
Manhole 
Drainage 
System Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

General Trash and 
Debris  

Trash or debris which is located immediately 
in front of the opening or is blocking inletting 
capacity of the basin by more than 10%. 

No trash or debris located immediately 
in front of manhole or on grate opening. 

Trash or debris (in the basin) that exceeds 
60 percent of the sump depth as measured 
from the bottom of basin to invert of the 
lowest pipe into or out of the basin, but in no 
case less than a minimum of six inches 
clearance from the debris surface to the 
invert of the lowest pipe. 

No trash or debris in the basin. 

Trash or debris in any inlet or outlet pipe 
blocking more than 1/3 of its height. 

Inlet and outlet pipes free of trash or 
debris. 

Dead animals or vegetation that could 
generate odors that could cause complaints 
or dangerous gases (e.g., methane). 

No dead animals or vegetation present 
within the catch basin. 

Sediment Sediment (in the basin) that exceeds 60 
percent of the sump depth as measured from 
the bottom of basin to invert of the lowest 
pipe into or out of the basin, but in no case 
less than a minimum of 6 inches clearance 
from the sediment surface to the invert of the 
lowest pipe. 

No sediment in the basin. 

Structure 
Damage to 
Frame and/or 
Top Slab 

Top slab has holes larger than 2 square 
inches or cracks wider than 1/4 inch.  
 
(Intent is to make sure no material is running 
into manhole.) 

Top slab is free of holes and cracks. 

Frame not sitting flush on top slab, i.e., 
separation of more than 3/4 inch of the frame 
from the top slab. Frame not securely 
attached. 

Frame is sitting flush on the riser rings 
or top slab and firmly attached. 

Fractures or 
Cracks in 
Basin Walls/ 
Bottom 

Maintenance person judges that structure is 
unsound. 

Basin replaced or repaired to design 
standards. 

Grout fillet has separated or cracked wider 
than 1/2 inch and longer than 1 foot at the 
joint of any inlet/outlet pipe or any evidence 
of soil particles entering manhole through 
cracks. 

Pipe is regrouted and secure at basin 
wall. 
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Settlement/ 
Misalignment 

If failure of manhole has created a safety, 
function, or design problem.  

Manhole replaced or repaired to design 
standards. 

Vegetation 
Inhibiting 
System 

Vegetation growing across and blocking 
more than 10% of the opening. 

No vegetation blocking opening to 
manhole. 

Vegetation growing in inlet/outlet pipe joints 
that is more than six inches tall and less than 
six inches apart. 

No vegetation or root growth present. 

Contaminants 
and Pollution 

Any evidence of oil, gasoline, contaminants 
or other pollutants. Sheen, obvious oil or 
other contaminants present. 
 
• Identify and remove source, AND 
• Report to Clark County Clean Water 
  Program. 

No contaminants or pollutants present.  

Manhole Cover Cover Not in 
Place 

Cover is missing or only partially in place. 
Any open manhole is a safety hazard and 
requires immediate maintenance. 

Manhole cover is closed. 

Locking 
Mechanism 
Not Working 

Mechanism cannot be opened by one 
maintenance person with proper tools.  Bolts 
into frame have less than 1/2 inch of thread. 

Mechanism opens with proper tools. 

Cover 
Difficult to 
Remove 

One maintenance person cannot remove lid 
after applying normal lifting pressure (Intent 
is to keep cover from sealing off access to 
maintenance). 

Cover can be removed by one 
maintenance person. 

Ladder Ladder 
Rungs 
Unsafe 

Ladder is unsafe due to missing rungs, not 
securely attached to manhole wall, 
misalignment, rust, cracks, or sharp edges. 

Ladder meets design standards and 
allows maintenance person safe 
access. 

Metal Grates          
(If Applicable) 

Grate 
Opening 
Unsafe 

Grate with opening wider than 7/8 inch. Grate opening meets design standards. 

Trash and 
Debris 

Trash and debris that is blocking more than 
20% of grate surface inletting capacity. 

Grate free of trash and debris. 

Damaged or 
Missing 

Grate missing or broken member(s) of the 
grate. 

Grate is in place and meets design 
standards. 
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Control Structure/Flow Restrictor  

Flow control structures and flow restrictors direct or restrict flow in or out of facility components. 
Outflow controls on detention facilities are a common example where flow control structures slowly 
release stormwater at a specific rate. The flow is regulated by a combination of orifices (holes with 
specifically sized diameters) and weirs (plates with rectangular or “V” shaped notch). Lack of 
maintenance of the control structure can result in the plugging of an orifice.  If these flow controls 
are damaged, plugged, bypassed, or not working properly, the facility could overtop or release water 
too quickly.  

Control structures have a history of maintenance-related problems and it is imperative to establish a 
good maintenance program for them to function properly. Sediment typically builds up inside the 
structure, which blocks or restricts flow to the outlet. To prevent this problem, routinely clean out 
these structures and conduct regular inspections to detect the need for non-routine cleanout. 

Facility objects that are typically associated with a control structure/flow restrictor include: 

• detention ponds 

• media cartridge filters 

• closed detention system 

• conveyance stormwater pipe 
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Key Operations and Maintenance Considerations 

• Conduct regular inspections of control structures to detect the need for non-routine cleanout, 
especially if construction or land-disturbing activities occur in the contributing drainage area. 

• The most common tool for cleaning control structures/flow restrictors is a truck with a tank and 
vacuum hose (Vactor® truck) to remove sediment and debris from the sump.  

• A control structure is an enclosed space where harmful chemicals and vapors can accumulate. 
Therefore, if the inspection and maintenance requires entering a control structure, it should be 
conducted by an individual trained and certified to work in hazardous confined spaces. 

  



 Stormwater Treatment, Flow Control, and Conveyance Facility Components 

 
Clark County Stormwater Manual 2015 19 
Book 4 – Stormwater Facility Operations and Maintenance 

 

Control Structure/Flow Restrictor 
Drainage 
System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

General Trash and 
Debris 
(Includes 
Sediment) 

Material exceeds 25% of sump depth or 1 foot 
below orifice plate. 

Control structure orifice is not blocked.  All trash 
and debris has been removed. 

Structural 
Damage 

Structure is not securely attached to manhole 
wall.  

Structure securely attached to wall and outlet 
pipe. 

Structure is not in upright position (allow up to 
10% from plumb). 

Structure in correct position. 

Connections to outlet pipe are not watertight 
and show signs of rust. 

Connections to outlet pipe are water tight; 
structure repaired or replaced and works as 
designed. 

Any holes--other than designed holes--in the 
structure. 

Structure has no holes other than designed holes. 

Cleanout 
Gate 

Damaged or 
Missing 

Cleanout gate is not watertight or is missing. Gate is watertight and works as designed. 

Gate cannot be moved up and down by one 
maintenance person. 

Gate moves up and down easily and is watertight. 

Chain/rod leading to gate is missing or 
damaged. 

Chain is in place and works as designed. 

Gate is rusted over 50% of its surface area. Gate is repaired or replaced to meet design 
standards. 

Orifice 
Plate 

Damaged or 
Missing 

Control device is not working properly due to 
missing, out of place, or bent orifice plate. 

Plate is in place and works as designed. 

Obstructions Any trash, debris, sediment, or vegetation 
blocking the plate. 

Plate is free of all obstructions and works as 
designed. 

Overflow 
Pipe 

Obstructions Any trash or debris blocking (or having the 
potential of blocking) the overflow pipe. 

Pipe is free of all obstructions and works as 
designed. 

Manhole Cover Not in 
Place 

Cover is missing or only partially in place. Any 
open manhole requires maintenance. 

Manhole is closed. 

Locking 
Mechanism 
Not Working 

Mechanism cannot be opened by one 
maintenance person with proper tools.  Bolts 
into frame have less than 1/2 inch of thread 
(may not apply to self-locking lids).  

Mechanism opens with proper tools. 

Cover 
Difficult to 
Remove 

One maintenance person cannot remove lid 
after applying normal lifting pressure.  Intent is 
to keep cover from sealing off access to 
maintenance. 

Cover can be removed and reinstalled by one 
maintenance person. 

Ladder 
Rungs 
Unsafe 

Ladder is unsafe due to missing rungs, 
misalignment, not securely attached to 
structure wall, rust, or cracks. 

Ladder meets design specifications. Allows 
maintenance person safe access. 

Catch 
Basins  See "Catch Basins" 
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Energy Dissipater / Outfall Protection  

An energy dissipater is installed on or near the inlet or outlet to a closed pipe system to prevent 
erosion at these locations. There are a variety of designs, including wire gabion baskets, rock splash 
pads, trenches, and specially designed pools or manholes. The rock splash pad is typically 
constructed of 4- to 12-inch diameter rocks a minimum of 12 inches thick and is often lined with 
filter fabric. The rock pad should extend above the top of the pipe a minimum of 1 foot.  

Facility features that are typically associated with energy dissipaters include: 

• detention ponds 

• infiltration basin 

• wetponds 

• treatment wetlands 

 

 

 

Key Operations and Maintenance Considerations 
• The most common tools for maintenance are hand tools such as rakes to redistribute rocks as 

necessary.  

• Periodic removal of sediment or debris may be necessary. 
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Energy Dissipaters 
Drainage 
System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is Needed Minimum Performance Standard 

External: 
Rock Pad Missing or 

Moved 
Rock 

Only one layer of rock exists above native soil in 
area five square feet or larger, or any exposure 
of native soil. 

Rock pad has been replaced to design function. 

Erosion Soil erosion in or adjacent to rock pad. Rock pad has been replaced to design function. 

Sediment Sediment on top of rock pad exceeds 10% of the 
surface. 

Rock pad has been cleared of sediment. 

Poisonous 
Plants and 
Noxious 
Weeds 

Any poisonous plants or nuisance vegetation 
which may constitute a hazard to maintenance 
personnel or the public. 
Any evidence of noxious weeds as defined by 
State or local regulations. 
(Coordinate with Clark County Environmental 
Services Department, Vegetation Management 
Program.) 

No danger of poisonous vegetation where 
maintenance personnel or the public might 
normally be.   
Eradication of Class A weeds as required by 
State law. Control of Class B weeds designated 
by Clark County Weed Board. Control of other 
listed weeds as directed by local policies. 
Apply requirements of adopted IPM policy for 
the use of herbicides. 

Other 
Weeds 

Other weeds (not listed on County/State noxious 
weed lists) are present on the rock pad. 

Weeds have been removed per the routine 
maintenance schedule, following IPM protocols. 

Dispersion 
Trench 

Pipe 
Plugged 
with 
Sediment 

Accumulated sediment that exceeds 20% of the 
design depth.  

Pipe is free of sediment and meets design 
specifications. 

Not 
Discharging 
Water 
Properly 

Visual evidence of water discharging at 
concentrated points along trench (normal 
condition is a “sheet flow” of water along trench). 
Intent is to prevent erosion damage. 

Trench has been repaired or modified such that 
it does not discharge at concentrated points and 
meets design function. 

Perforations 
Plugged 

Over 1/2 of perforations in pipe are plugged with 
debris and sediment. 

Perforated pipe has been cleaned or replaced 
and <25% of perforations are plugged. 

Water 
Flows Out 
Top of 
“Distributor” 
Catch Basin 

Maintenance person observes or receives 
credible report of water flowing out during any 
storm less than the design storm or its causing 
or appears likely to cause damage. 

Facility rebuilt per design specifications or 
redesigned to meet approved County 
standards. 

Receiving 
Area Over-
Saturated 

Water in receiving area is causing or has 
potential of causing landslide problems. 

No danger of landslides. 

Internal: 
Manhole/ 
Chamber 

Worn or 
Damaged 
Post, 
Baffles, 
Side of 
Chamber 

Structure dissipating flow deteriorates to 1/2 of 
original size or any concentrated worn spot 
exceeding one square foot which would make 
structure unsound. 

Structure replaced to design standards. 

Catch 
Basins  See "Catch Basins" 
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Stormwater Conveyance Pipe  

Storm sewer pipes convey stormwater. Inlet and outlet stormwater pipes convey stormwater in, 
through, and out of stormwater facilities.   

Pipes are built from many materials and are sometimes perforated to allow stormwater to infiltrate 
into the ground. Pipes are cleaned to remove sediment or blockages when problems are identified. 
Stormwater pipes must be clear of obstructions and breaks to prevent localized flooding. All 
stormwater pipes should be in proper working order and free of the possible defects listed below.   

Key Operations and Maintenance Considerations 

• The most common tool for cleaning stormwater conveyance pipes is a truck with a tank, 
vacuum hose, and a jet hose (Vactor® truck) to flush sediment and debris from the pipes.  

Stormwater Conveyance Pipe 
Drainage 
System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is Needed Minimum Performance Standard 

General Contaminants 
and Pollution 

Any evidence of oil, gasoline, contaminants or 
other pollutants. Sheen, obvious oil or other 
contaminants present. 
• Identify and remove source, AND 
• Report to Clark County Clean Water Program. 

No contaminants or pollutants present.  

Drainage 
Slow 

Decreased capacity that indicates slow drainage. 
Does not meet facility design infiltration rate. 
 
The Water Quality Design Storm Volume does 
not infiltrate within 48 hours (if perforated pipe). 
Water remains in the pipe for greater than 24 
hours after the end of most moderate rainfall 
events. 

Perforated drain pipe has been cleaned and 
drainage rates are per design specifications. 
(Do not allow removed sediment and water to 
discharge back into the storm sewer.) 

Obstructions, 
Including 
Roots 

Root enters or deforms pipe, reducing flow. Roots have been removed from pipe (using 
mechanical methods; do not put root-
dissolving chemicals in storm sewer pipes). If 
necessary, vegetation over the line removed. 

Pipe Dented 
or Broken 

Inlet/outlet piping damaged or broken and in need 
of repair. 

Pipe repaired and/or replaced per design 
standards. 

Pipe Rusted 
or 
Deteriorated 

Any part of the piping that is crushed or deformed 
more than 20% or any other failure to the piping. 

Pipe repaired and/or replaced per design 
standards. 

Sediment & 
Debris 

Sediment depth is greater than 20% of pipe 
diameter. 

Pipe has been cleaned and is free of 
sediment/ debris. (Upstream debris traps 
installed where applicable.) 

Debris Barrier 
or Trash 
Rack Missing  

Stormwater pipes > than 18 inches need debris 
barrier. 

Debris barrier present on all stormwater pipes 
18 inches and greater. 
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Stormwater Facility Discharge Points / Pipe Outlets 

Stormwater facility discharge points may convey stormwater from the stormwater facility into open 
channels, ditches, ponds, streams, and wetlands. Stormwater facility discharge points need to be 
assessed to make sure stormwater is not causing any negative impacts to these drainage areas.   

Key Operations and Maintenance Considerations 

• The most common tools are hand tools to remove debris or to redistribute outfall protection 
rock.  

 

 
 (Source: USDA - Natural Resources Conservation Service - Illinois) 
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Facility Discharge Point  
Drainage 
System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is Needed Minimum Performance Standard 

Monitoring Contaminants 
in Discharge 
Water 

Any evidence of oil, gasoline, contaminants or 
other pollutants. Sheen, obvious oil or other 
contaminants present. 
 
• Identify and remove source, AND 
• Report to Clark County Clean Water Program. 

Effluent discharge from facility is clear. 

Receiving 
Area 
Saturated 

Water in receiving area is causing substrate to 
become saturated and unstable. 
 
• Report to Clark County Clean Water Program 
   for Engineer Evaluation. 
 

Receiving area is sound and not saturated. 

Ditch or 
Stream 
Banks 
Eroding (via 
Off Site 
Assessment) 

Erosion, scouring, or headcuts in ditch or stream 
banks downstream of facility discharge point due 
to flow channelization or higher flows. 
 
• Report to Clark County Clean Water Program 
   for Engineer Evaluation. 
 

Ditch or stream banks are stable. 

General 
Missing or 
Moved Rock 

Only one layer of rock exists above native soil in 
area five square feet or larger, or any exposure of 
native soil. 

Rock pad replaced to design function. 

Erosion Soil erosion in or adjacent to rock pad. Rock pad replaced to design function. 

Obstructions, 
Including 
Roots 

Roots or debris enters pipe or deforms pipe, 
reducing flow. 

Roots have been removed from pipe (using 
mechanical methods; do not put root-dissolving 
chemicals in storm sewer pipes). If necessary, 
vegetation over the line removed. 

Pipe Rusted 
or 
Deteriorated 

Any part of the pipe that is broken, crushed or 
deformed more than 20% or any other failure to 
the piping. 

Pipe repaired or replaced to design standards. 

Internal (If Applicable) 

Energy 
Dissipater  See "Energy Dissipater" 

 

  



 Stormwater Treatment, Flow Control, and Conveyance Facility Components 

 
Clark County Stormwater Manual 2015 41 
Book 4 – Stormwater Facility Operations and Maintenance 

Detention Pond  

A stormwater detention pond is an open basin built by excavating below existing ground or by 
constructing above-ground berms (embankments). The detention pond temporarily stores 
stormwater runoff during rain events and slowly releases it through an outlet (control structure). 
Detention ponds are typically designed to completely drain within 24 hours after the completion of a 
storm event. Styles vary greatly from well-manicured to natural appearing. Generally, more natural-
appearing vegetation is preferred for reduced maintenance and enhanced wildlife habitat.  

Facility objects that are typically associated with a detention pond include:  

• access road or easement 

• fence, gate, and water quality sign 

• typical bioswale 

• wet bioswale 

• media filter cartridge 

• control structure/flow restrictor 

• energy dissipaters 

• conveyance stormwater pipe  
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Example of a Manicured Detention Pond 
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Key Operations and Maintenance Considerations 
• Maintenance is of primary importance if detention ponds are to continue to function well.  

• Sediment should be removed when the standards in the defect table are exceeded. Sediments 
must be disposed in accordance with current local health department requirements and the 
Minimum Functional Standards for Solid Waste Handling. For additional guidance see Book 3, 
Appendix 3-E, Recommendations for Management of Street Waste. 

• Handle sediments removed during the maintenance operation in a manner consistent with Book 
3, Appendix 3-E, Recommendations for Management of Street Waste. 

• If a shallow marsh has established, then contact Clark County Department of Environmental 
Services for advice.  

• Maintenance of sediment forebays and attention to sediment accumulation within the pond is 
extremely important. Continually monitor sediment deposition in the basin. Owners, operators, 
and maintenance authorities should be aware that significant concentrations of metals (e.g., lead, 
zinc, and cadmium) as well as some organics such as pesticides, may be expected to accumulate 
at the bottom of these types of facilities. Regularly conduct testing sediment, especially near 
points of inflow, to determine the leaching potential and level of accumulation of potentially 
hazardous material before disposal. 

• Slope areas that have become bare should be revegetated and eroded areas should be regraded 
prior to being revegetated. 

• A common tool for cleaning detention ponds is a small bulldozer or excavator to remove built-
up sediment and debris from the bottom of the pond during the dry season.  

Plant Material 
Table 1: Stormwater Tract "Low Grow" Seed Mix* for Detention Pond 

Stormwater Tract “Low Grow” Seed Mix*     

 
Botanical Name Common Name % By Weight  

 
Festuca arundinacea var. Dwarf tall fescue 40% 

 Lolium perenne var. barclay Dwarf perennial rye** 
‘Barclay’ 30% 

 
Festuca rubra Red fescue 25% 

 
Agrostis tenius Colonial bentgrass 5% 

    

 
Selected plants shall not include any plants from the State of Washington Noxious 
Weed List. Refer to clark.wa.gov/weed/ for a current list of noxious weeds. 

 

*Adapted from Ecology 2012, v.III, Ch 3.2. 

** If wildflowers are used and sowing is done before Labor Day, the amount of 
dwarf perennial rye can be reduced proportionately to the amount of wildflower 
seed used. 

Appendix E/clark.wa.gov/weed/
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Detention Pond 
Drainage System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

General Trash and 
Debris 

Any trash and debris which exceed 1 cubic 
foot per 1,000 square feet.  In general, 
there should be no visual evidence of 
dumping. 
 
If less than threshold all trash and debris 
will be removed as part of next scheduled 
maintenance. 

Site is free of trash and debris. 

Poisonous 
Plants and 
Noxious 
Weeds 

Any poisonous plants or nuisance 
vegetation which may constitute a hazard 
to maintenance personnel or the public. 
 
Any evidence of noxious weeds as defined 
by State or local regulations. 
 
 
 
(Coordinate with Clark County 
Environmental Services Department, 
Vegetation Management Program.) 
 

No danger of poisonous vegetation where 
maintenance personnel or the public might 
normally be.   
 
Eradication of Class A weeds as required 
by State law. Control of Class B weeds 
designated by Clark County Weed Board. 
Control of other listed weeds as directed by 
local policies. 
 
Apply requirements of adopted IPM policy 
for the use of herbicides. 

Tree Growth 
and Hazard 
Trees 

Tree growth does not allow maintenance 
access or interferes with maintenance 
activity (i.e., slope mowing, silt removal, 
vaccuming, or equipment movements).  If 
trees are not interfering with access or 
maintenance, do not remove. 
 
Dead, diseased, or dying trees are 
identified. 
(Use a certified Arborist to determine health 
of tree or removal requirements.) 

Trees do not hinder maintenance activities.  
Harvested trees should be recycled into 
mulch or other beneficial uses (e.g., alders 
for firewood). 
 
 
Remove hazard trees. 
  

Contaminants 
and Pollution 

Any evidence of oil, gasoline, contaminants 
or other pollutants. (Coordinate 
removal/cleanup with local water quality 
response agency.) 
 

No contaminants or pollutants present.  

Rodent Holes Any evidence of rodent holes if facility is 
acting as a dam or berm, or any evidence 
of water piping through dam or berm via 
rodent holes. 

Rodents destroyed and dam or berm 
repaired.  (Coordinate with Clark County 
Maintenance and Operations department; 
coordinate with Ecology Dam Safety Office 
if pond exceeds 10 acre-feet.) 

Beaver Dams Dam results in change or function of the 
facility. 

Facility is returned to design function. 

(Coordinate trapping of beavers and 
removal of dams with appropriate 
permitting agencies.) 
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Detention Pond 
Drainage System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

Insects When insects such as wasps and hornets 
interfere with maintenance activities. 

Insects destroyed or removed from site. 

Apply insecticides in compliance with 
adopted Clark County Operations and 
Maintenance policies. 

Side Slopes of 
Pond 

Erosion Eroded damage over 2 inches deep where 
cause of damage is still present or where 
there is potential for continued erosion. 
 
Any erosion observed on a compacted 
berm embankment. 

Slopes have been stabilized using 
appropriate erosion control measure(s); 
e.g., rock reinforcement, planting of grass, 
compaction. 
 
If erosion is occurring on compacted berms 
a licensed civil engineer should be 
consulted to resolve source of erosion. 

Storage Area Sediment Accumulated sediment that exceeds 10% 
of the designed pond depth unless 
otherwise specified or affects inletting or 
outletting condition of the facility. 

Sediment cleaned out to designed pond 
shape and depth; pond reseeded if 
necessary to control erosion. 

Liner (If 
Applicable) 

Liner is visible and has more than three 
1/4-inch holes in it. 

Liner repaired or replaced. Liner is fully 
covered. 

Pond Berms 
(Dikes) 

Settlements Any part of berm which has settled 4 inches 
lower than the design elevation.  

Dike is built back to the design elevation. 

 
If settlement is apparent, measure berm to 
determine amount of settlement.  

 

 Settling can be an indication of more 
severe problems with the berm or outlet 
works.  A licensed civil engineer should be 
consulted to determine the source of the 
settlement. 

 

Piping Discernible water flow through pond berm.  
Ongoing erosion with potential for erosion 
to continue. 

Piping eliminated.  Erosion potential 
resolved. 

 
(Recommend a Geotechnical engineer be 
called in to inspect and evaluate condition 
and recommend repair of condition. 

 

Emergency 
Overflow/ Spillway 
and Berms Over 4 
Feet in Height 

Tree Growth Tree growth on emergency spillways 
creates blockage problems and may cause 
failure of the berm due to uncontrolled 
overtopping.  
 
Tree growth on berms over 4 feet in height 
may lead to piping through the berm which 
could lead to failure of the berm. 
  

Trees removed. If root system is small 
(base less than 4 inches) the root system 
may be left in place.  Otherwise the roots 
should be removed and the berm restored.  
A licensed civil engineer should be 
consulted for proper berm/spillway 
restoration.  
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Detention Pond 
Drainage System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

Piping Discernible water flow through pond berm.  
Ongoing erosion with potential for erosion 
to continue. 
 
(Recommend a Geotechnical engineer be 
called in to inspect and evaluate condition 
and recommend repair of condition.) 

Piping eliminated.  Erosion potential 
resolved. 

Emergency 
Overflow/ Spillway 

Rock Missing Only one layer of rock exists above native 
soil in area five square feet or larger, or any 
exposure of native soil at the top of flow 
path of spillway. 
 
(Rip-rap on inside slopes need not be 
replaced.) 

Rocks and pad depth are restored to 
design standards. 

 

Erosion Eroded damage over 2 inches deep where 
cause of damage is still present or where 
there is potential for continued erosion. 
 
Any erosion observed on a compacted 
berm embankment. 

Slopes have been stabilized using 
appropriate erosion control measure(s); 
e.g., rock reinforcement, planting of grass, 
compaction. 
 
If erosion is occurring on compacted berms 
a licensed civil engineer should be 
consulted to resolve source of erosion. 
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Media Cartridge Filters   

Media cartridge filters are passive, flow-through, stormwater treatment systems. They are comprised 
of one or more vaults that house rechargeable, media-filled filter cartridges. Stormwater passes 
through a filtering medium, which traps particulates and/or adsorb pollutants such as dissolved 
metals and hydrocarbons. Once filtered through the media, the treated stormwater is directed to a 
collection pipe or discharged into an open channel drainage way. 

The filter media can be housed in cartridge filters enclosed in concrete vaults or catch basins. 
Structures will have vault doors or manhole lids (older designs) for maintenance access. Various 
types of filter media are available from system manufacturers.  

StormFilter® units are an example of a proprietary manufactured media cartridge filter system that is 
common in Clark County. See manufacturer's publications for additional maintenance information. 

Facility objects that are typically associated with a manufactured media filter system include:  

• access road or easement 

• control structure/flow restrictor 

• conveyance stormwater pipe 

 

 
Media Cartridge Filter Vault with Accumulated Sediment 
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Key Operations and Maintenance Considerations 

• The most common tool for cleaning media cartridge filters is a truck with a tank and vacuum 
hose (e.g.Vactor® truck) to remove sediment and debris from the vault.  

• Media cartridge filters are enclosed spaces where harmful chemicals and vapors can accumulate. 
Therefore, the inspection and maintenance of these facilities should be conducted by an 
individual trained and certified to work in hazardous confined spaces.  

• Cartridges require replacement when the individual cartridges no longer meet the specifications 
for pollutant removal. 
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Media Cartridge Filters 
Drainage System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

Forebay Sediment 
Accumulation 

Sediment accumulation exceeds 6 inches 
or 1/3 of available sump. 

Sediment accumulation less than 6 
inches. 

Media Filter Vault Sediment 
Accumulation 
on Top Media 
Filters 
(Cartridges) 

Sediment depth exceeds 0.25-inches (on 
top of filter cartridges). 

No sediment deposits which would 
impede permeability of the compost 
media. No sediment deposits on top of 
cartridges. (Sediment on cartridges likely 
indicates that cartridges are plugged and 
require maintenance.) 

  Sediment 
Accumulation 
in Vault 

Sediment depth exceeds 4 inches in 
chamber.  Look for other indicators of 
clogged cartridges or overflow. 

No sediment deposits in vault bottom of 
first chamber. Cartridges have been 
checked and replaced or serviced as 
needed. 

  Trash and 
Debris 
Accumulation 

Trash and debris accumulated in vault. No trash or debris in vault. 

  Sediment in 
Drain 
Pipes/Clean-
Outs 

When drain pipes, clean-outs, become full 
with sediment and/or debris. 

Sediment and debris has been removed. 

  Damaged 
Pipes 

Any part of the pipes that are crushed or 
damaged due to corrosion and/or 
settlement. 

Pipe repaired and/or replaced to design 
specifications. 

  Access Cover 
Damaged/Not 
Working 

Cover cannot be opened; one person 
cannot open the cover using normal lifting 
pressure; corrosion/deformation of cover. 

Cover repaired or replaced to design 
specifications. 

  Vault 
Structure 
Includes 
Cracks in 
Wall, Bottom, 
Damage to 
Frame and/or 
Top Slab 

Cracks wider than 1/2 inch or evidence of 
soil particles entering the structure 
through the cracks, or 
maintenance/inspection personnel 
determine that the vault is not structurally 
sound. 

Vault replaced or repairs made so that 
vault meets design specifications and is 
structurally sound. 

  Cracks wider than 1/2 inch at the joint of 
any inlet/outlet pipe or evidence of soil 
particles entering through the cracks. 

Vault repaired so that no cracks exist 
wider than 1/4 inch at the joint of the 
inlet/outlet pipe. 

  Baffles 
Damaged 

Baffles corroding, cracking, warping, 
and/or showing signs of failure as 
determined by maintenance/inspection 
person. 

Baffles repaired or replaced to design 
specifications. 

  Access 
Ladder 
Damaged 

Ladder is corroded or deteriorated, not 
functioning properly, not securely attached 
to structure wall, missing rungs, cracks, 
and misaligned. 

Ladder replaced or repaired and meets 
design specifications, and is safe to use 
as determined by inspection personnel. 

Below Ground 
Cartridge Type 

Compost 
Media 
Clogging 

Drawdown of water through the media 
takes longer than 1 hour, and/or overflow 
occurs frequently. 

Media cartridges have been replaced 
and drawdown time and overflow 
frequency are per design standards. 
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Media Cartridge Filters 
Drainage System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Note: table spans multiple pages. 

Short 
Circuiting 

Flows do not properly enter filter 
cartridges. 

Flows are properly entering filter 
cartridges. Cartridges have been 
replaced if necessary. 

Filter 
Cartridges 
Submerged 

Filter vault does not drain within 24 hours 
following storm.  Look for evidence of 
submergence due to backwater or 
excessive hydrocarbon loading. 

Filter media have been checked and 
replaced if needed and vault drains down 
within 24 of a storm event. (If cartridges 
are plugged with oil, additional treatment 
or source control BMP may be needed.) 
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Compost-Amended Soil  

Naturally occurring (undisturbed) soil and vegetation provide important stormwater functions 
including: water infiltration; nutrient, sediment, and pollutant adsorption; sediment and pollutant 
biofiltration; water interflow storage and transmission; and pollutant decomposition.  

Compaction from construction can reduce the soil’s natural ability to provide these functions. 
Compost-amended soils are intended to replace these lost functions by establishing a minimum soil 
quality and depth in the post-development landscape. 

Sufficient organic content is a key to soil quality. Soil organic matter can be attained through 
numerous amendments such as compost, composted woody material, biosolids, and forest product 
residuals. The full benefits of compost-amended soils are realized when desired soil media depths 
are maintained and soil compaction is minimized. 

Key Operations and Maintenance Considerations  
• Replenish soil media as needed (as a result of erosion) and address compacted, poorly draining 

soils. 

• Site uses should protect vegetation and avoid soil compaction. Care should be taken to prevent 
compaction of soils via vehicular loads and/or excessive foot traffic, especially during wet 
conditions. 

• The table below provides the recommended maintenance frequencies, standards, and procedures 
for compost-amended soils. The level of routine maintenance required and the frequency of 
corrective maintenance actions may increase for facilities prone to erosion due to site conditions 
such as steep slopes or topography tending to concentrate flows. 
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Compost-Amended Soil 
Drainage 
System 
Feature 

Potential 
Defect 

Conditions When Maintenance Is 
Needed 

Minimum Performance Standard 

Soil Media Soils 
Waterlogged or 
Not Infiltrating 

Soils become waterlogged, or otherwise 
do not appear to be infiltrating. 

Soils have been aerated or amended such 
that infiltration occurs and soils to not 
remain completely saturated, per design 
specifications. 

Erosion/Scouring Areas of potential erosion are visible, such 
as gullies or scouring. 

Any eroded areas have been repaired, and 
sources of erosion addressed to prevent 
further soil erosion. 

Vegetation Vegetation in 
Poor Health 

Less than 75% of planted vegetation is 
healthy with a generally good appearance. 

At least 75% of planted vegetation is 
healthy with generally good appearance. 
Any conditions found that were deleterious 
to plant health have been corrected where 
possible. 
 
Routine maintenance schedule has been 
updated as necessary to ensure continued 
plant health and satisfactory appearance. 

Poisonous 
Plants and 
Noxious Weeds 

Any poisonous plants or nuisance 
vegetation which may constitute a hazard 
to maintenance personnel or the public. 
 
Any evidence of noxious weeds as 
defined by State or local regulations. 
 
 
 
(Coordinate with Clark County 
Environmental Services Department, 
Vegetation Management Program.) 

No danger of poisonous vegetation where 
maintenance personnel or the public might 
normally be.   
 
Eradication of Class A weeds as required 
by State law. Control of Class B weeds 
designated by Clark County Weed Board. 
Control of other listed weeds as directed by 
local policies. 
 
Apply requirements of adopted IPM policy 
for the use of herbicides. 

Other Weeds 
Present 

Other weeds (not listed on County/State 
noxious weed lists) are present on site. 

Weeds have been removed per the routine 
maintenance schedule, following IPM 
protocols. 

 

  


