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Background 
The Village of Essex Junction maintains an existing culvert beneath 
Mansfield Avenue that is located between Waverly Street and 
Rosewood Lane.  It carries runoff from upland areas to the east and 
discharges towards the Indian Brook to the north/west.  This existing 
culvert is a 49” x 33” corrugated metal arch pipe approximately 132 
feet in length.  Historically, this arch culvert discharged into a narrow, 
deep, open rectangular channel located in the rear yard of the 
property located at 8 Waverly Street.   At the downstream end of this 
open channel, an existing 24” PVC pipe carried the runoff in a 
northwesterly direction, beneath a residential driveway, where it 
discharged into the existing unnamed tributary of the Indian Brook. 
 
In approximately 2005/2006, the property owner at 8 Waverly Street 
obtained approval to connect the existing 24” pipe with the existing 
arch culvert, to allow them to fill the open channel in their rear yard 
for safety and aesthetic purposes.  At that point, no documented 
drainage problems existed and the work was completed by the property owner. 
 
During the afternoon of Wednesday May 22, 2013 an intense line of thunderstorms with heavy rain passed slowly 
over Essex Junction.  With the heavy rainfall in such a short duration of time, it was reported that flooding occurred at 
33 Mansfield Avenue as a result of the ponding of water at the inlet to the arch culvert.  Based on data reported by 
the National Weather Service for Burlington, VT, a record 1.43 inches of rainfall was recorded. 
 
On the following day, another line of severe thunderstorms with heavy rain again passed over Essex Junction in the 
evening.  As a result of this storm event, flooding again occurred at 33 Mansfield Avenue due to the ponding of water 
at the inlet to the arch culvert.  However, this time the water rose to an elevation at which it entered into the 
residence through a doorway to the basement level.  The water continued to rise during this storm event until it 
overtopped Mansfield Avenue.  Water overtopping the roadway flowed into the basement of the residence at 8 
Waverly Street.  Water overtopping the roadway then flowed in a northwesterly direction, generally following the 
subsurface drainage piping to the existing drainage channel below the outlet to the 24” pipe.  A record-matching 2.26 
inches of rainfall was recorded on May 23, 2013 for Burlington, VT, according to the National Weather Service.   
 
In response to the flooding that occurred and potential impacts to the public roadway and private properties, the 
Village of Essex Junction requested that we perform an analysis of the piping system to determine if it is adequately 
sized in accordance with the Village of Essex Junction Land Development Code. 
 
Additional Flooding 
While the study was being performed, additional flooding events occurred during the month of June, 2013.  On June 
25, 2013, as a result of another short but intense thunderstorm, flooding of the rear lawn area and basement level of 
the residence at 33 Mansfield Avenue again occurred.  Based on field observations at the time of the flooding, it 
became apparent that the drainage infrastructure was not functioning properly.  Additional field studies were 
performed on 06/26/13 to confirm that the arch culvert and connection of the arch culvert to the 24” pipe 
(completed by the property owner at 8 Waverly Street) was clear of debris.  As a result of these field studies, it was 
suspected that the piping was restricted in the area of the connection of the arch culvert and the 24” pipe. 
 
While the arch culvert is publicly owned and maintained, the connection of the 24” pipe and the 24” pipe itself 
downstream of the arch culvert is privately owned.  However, as the flooding that had occurred had overtopped the 
roadway and flooded two adjacent residences, the Village worked in conjunction with the property owners to obtain 
permission to excavate in the area of the 24”/arch culvert connection to confirm that the pipes were clear.  Upon 
excavating this connection, it was discovered that a significant amount of debris had become clogged at the entrance 
to the 24” pipe, resulting in significant restriction and reduction in pipe capacity.  The debris removed from the pipe 
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included numerous pieces of firewood, small logs and 
branches with cut ends, and a 3” x 4” x 8’ long landscaping 
timber.  Based on discussions with the property owners at 33 
Mansfield Avenue, it was noted that there had been 
firewood stacked on the lawn area on their property 
adjacent to the inlet to the arch culvert.  It appears as 
though the ponding of water at the arch culvert inlet 
resulted in debris being swept down the arch culvert.  A new 
concrete manhole structure with a catch basin grate was 
installed at the end of the arch culvert and connected to the 
24” pipe at the conclusion of this work.  This new structure 
will provide access for inspection and maintenance at the 
transition between these two pipes. 

 
Despite the repair completed on June 27, 2013, another severe 
thunderstorm event on June 29, 2013 caused flooding of the property at 33 
Mansfield Avenue.  Based on discussions with the property owner on this 
day, the water reached the residence, but did not enter.  The property 
owner at 8 Waverly Street indicated that water had risen in the new 
manhole structure right to the top of the grate.  While we were on-site, we 
observed the water level in the structures and the lawn area at 33 Mansfield 
Avenue receding very rapidly once the storm had passed; much faster than 
previous events prior to the repair on June 27, 2013.  With these events in 
mind, we performed the analysis of the watershed and piping system.  

 
Drainage Area 
The first step in the analysis was to determine the drainage area for the existing arch culvert.  Utilizing existing digital 
orthophoto imagery available from the Vermont Center for Geographic Information (VCGI), a base plan was prepared 
of the area of the Village served by the existing culvert.  Existing topography within the area was obtained from the 
VCGI in the form of a digital terrain model from which existing topography information was extracted.  Please refer to 
the attached Site Location Plan.  Using this information, in addition to existing mapping of the municipal storm 
drainage system, the approximate limits of the drainage area associated with the arch culvert were delineated.  The 
drainage area for the arch culvert was determined to be approximately 52.5 acres in size.  The area consists of a mix 
of residential properties and roadways, as well as undeveloped wooded areas of varying slopes.   
 
A site visit of the area around the arch culvert was also performed.  During this visit, field measurements were 
collected to determine the relative elevations of the culvert inlet, existing ground elevation of the lawn area above 
the culvert, existing elevation of the basement doorway sill of the residence at 33 Mansfield Avenue, and existing 
elevations of the public sidewalk and roadway above the culvert.  The two existing catch basins in the roadway that 
collect stormwater runoff from the roadway and limited surrounding areas that are connected directly to the arch 
culvert were also inspected.  Using the base plan described above, the approximate limits of the additional drainage 
area flowing to these two existing catch basins was also delineated.  This area is approximately 1.6 acres in size and 
similar to above, this area consisted of a mix of residential properties, roadways, and undeveloped wooded areas. 
 
Presented below is a table summarizing the two drainage areas and the land uses associated with the arch culvert.  
Please refer to the attached Drainage Area plan depicting the approximate limits of the two drainage areas. 
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Table 1 – Watershed Characteristics / Land Use 

 Hydrologic Soil 
Group A 

Hydrologic Soil 
Group B 

Hydrologic Soil 
Group C 

Hydrologic Soil 
Group D 

Total Area 

Drainage Area A      
Roads, Walks, 
Driveways, Buildings 

0.704 ac 6.100 ac 0.000 ac 0.630 ac 7.434 ac 

Woods / Grass 5.797 ac 31.705 ac 0.000 ac 7.534 ac 45.036 ac 
      
Drainage Area B      

Roads, Walks, 
Driveways, Buildings 

0.333 ac 0.000 ac 0.000 ac 0.146 ac 0.479 ac 

Woods / Grass 0.820 ac 0.000 ac 0.000 ac 0.276 ac 1.096 ac 
 
Soil information within the drainage areas was obtained from the Natural Resources Conservation Service.  Soil types 
varied from loamy sands, to very fine sandy loam, to clay soils.  The attached Soils Plan depicts the various soil types 
with the drainage areas, with corresponding areas for each soil type, and a description of each soil type. 
 
Rainfall Data 
The Vermont Stormwater Management Manual (VSWMM) presents information on the rainfall depths associated 
with various 24-Hour storm events in Chittenden County.  These are the design storm events that are typically utilized 
for the analysis and design of drainage facilities per the VSWMM.  This information is presented in Table 2 below. 
 
As a comparison, localized rainfall data for Essex Junction was obtained from the Northeast Regional Climate Center.  
This data was based on a study to update extreme precipitation statistics in the Northeast US utilizing current data 
collected within the last 20 years or more.  The 24-Hour rainfall depths presented for Essex Junction were similar but 
slightly less than those presented in the VSWMM, as shown in Table 2. 
 

Table 2 – Rainfall Depths for Chittenden County, VT 

Design Storm Event Vermont Stormwater 
Management Manual 

Northeast Regional 
Climate Center 

Inches of Rainfall Inches of Rainfall 

1-Year, 24-Hour 2.1 1.96 

2-Year, 24-Hour 2.3 2.22 

10-Year, 24-Hour 3.2 3.14 

25-Year, 24-Hour 4.2 * 3.81 

100-Year, 24-Hour 5.2 5.14 
* 25-Year, 24-Hour rainfall estimate based on TR-55 manual as published by the Natural Resources Conservation Service. 

 
In addition, local precipitation data for the months of May and June were obtained from the National Weather 
Service for Burlington, VT and reviewed as part of this study.  As mentioned above, the rainfall total for Burlington, VT 
for May 22, 2013 was a record setting 1.43 inches and on the following day, May 23, 2013 it was a record tying 2.26 
inches of rain.  Overall, May 2013 was the wettest May on record for Burlington, VT with 8.74 inches of rain.  June, 
2013 was another wet month for Burlington, VT with a total of 9.86 inches of rainfall, exceeding the normal June 
rainfall of 3.69 inches and just missing the previous record of 9.92 inches of rainfall for the month. 
 
During these recent storm events, local observations in Essex Junction suggest rainfall totals even higher than those 
recorded for Burlington, VT.  For example, a severe thunderstorm event with heavy rainfall occurred in Essex Junction 
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on July 4, 2013.  The National Weather Service recorded a record 1.89 inches of rainfall for July 4, 2013.  However, a 
local rain gauge located along Mansfield Avenue recorded approximately 2.25 inches of rainfall during the 
approximately 2 hour storm event. 
 
Hydrology 
Using HydroCAD stormwater modeling software, the estimated runoff volumes and rates from the drainage areas 
were calculated based on the data collected above, in accordance with the Soil Conservation Service unit hydrograph 
procedures, commonly referred to as the TR-20 runoff method.  The estimated runoff values in cubic feet per second 
(cfs) flowing to the arch culvert for various 24-Hour design storm events are presented in Table 3 below. 
 

Table 3 – Watershed Hydrology 

Design Storm Event Runoff Rate, cfs Runoff Volume, ac-ft 

25-Year, 24-Hour 28.673 6.518 

100-Year, 24-Hour 44.442 9.744 

 
Culvert Analysis 
In addition to hydrologic modeling, the HydroCAD software referred to above also performs hydraulic computations 
for various drainage components, including culverts.  Accordingly, the arch culvert and 24” pipe were modeled for 
various storm events, with the results presented in Table 4. 
 

Table 4 – Culvert Hydraulic Analysis, ‘normal’ ground moisture conditions 

 Arch Culvert only Arch Culvert + 24” Pipe 

Arch Culvert 24” Pipe 

Design Storm Event Max Water Elev Max Water Elev Max Water Elev 

25-Year, 24-Hour 92.13 93.81 92.99 

100-Year, 24-Hour 93.05 100.00 98.03 

    
Invert Elevation 89.97 89.97 88.40 

 
As mentioned above, field measurements were made to determine the relative elevations of the culvert inlet, existing 
ground elevation of the lawn area above the culvert, existing elevation of the basement doorway sill of the residence 
at 33 Mansfield Avenue, and existing elevations of the public sidewalk above the arch culvert inlet.  This information 
is shown below. 
 
Culverts in the Village of Essex Junction are to be sized for the 25-Year, 24-Hour Design Storm Event in accordance 
with the Village of Essex Junction Land Development Code and consistent with the Vermont Agency of Transportation 
(VTRANS) Hydraulics Manual.  Another consideration in the design of a culvert is the allowable headwater at the 
culvert inlet.  Allowable headwater is the depth of water that is able to be ponded at the upstream end of the culvert 
without allowing floodwaters to enter the interior of buildings or other structures.  In accordance with the VTrans 
Hydraulics Manual, the allowable headwater for culverts up to and including 36” in rise is 1.5 times the diameter 
(HW/D < 1.5). 
 
The results of the hydraulic analysis show that the arch culvert itself handles the 25-Year storm event with a 
headwater to depth ratio (HW/D) less than 1.0 and when evaluated in conjunction with the 24” pipe, the HW/D ratio 
is 1.4.  With the door sill elevation at 33 Mansfield Avenue of 95.87, the HW/D ratio at the inlet to the arch culvert 
would need to be 2.15 for the water to reach the door sill elevation.  The results of the analysis show that the arch 
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culvert and 24” pipe comply with the Land Development Code and VTrans guidelines for culverts under normal 
ground moisture conditions. 

 
With record rainfall during the month of May followed by 
near record rainfall during the month of June, ground 
conditions are likely saturated.  With saturated ground 
conditions combined with the very intense, short 
duration storm events with very heavy rainfall totals, 
little rainfall is able to infiltrate into the ground, resulting 
in higher than normal stormwater runoff rates.  The 
HydroCAD software takes into account the Antecedent 
Moisture Condition (AMC) of the ground to allow for the 
modeling of dry, normal, or wet conditions.  In an effort 
to evaluate the recent short duration storms with heavy 
rainfall totals, an additional model run was performed for 
the July 4, 2013 storm event described above, assuming 
both ‘normal’ and ‘wet’ conditions as a comparison; with 
the results as presented in Table 5 below.  

 
Table 5 – Culvert Hydraulic Analysis of July 4, 2013 storm event 

 Arch Culvert only Arch Culvert + 24” Pipe 
Arch Culvert 24” Pipe 

07/04/13 Storm Event Max Water Elev Max Water Elev Max Water Elev 
‘normal’ conditions 91.21 91.25 90.02 

‘wet’ conditions 92.45 95.90 94.69 

    
Invert Elevation 89.97 89.97 88.40 

 
The results of the modeling presented in Table 5 above show significantly higher runoff rates with the ‘wet’ 
conditions; with significant increases in the headwater at the culvert inlet.  These results are consistent with field 
observations during the recent intense thunderstorm events, where floodwaters have risen to the lawn area and 

ARCH CULVERT 
INLET 
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basement door sill at 33 Mansfield Avenue.  Once the storm event has concluded, water levels recede relatively 
quickly. 
 
Recommendations 
This analysis has shown that the arch culvert and related 24” piping system are adequately sized for a 25-year, 24-
Hour design storm event during normal ground moisture conditions, which would be considered a typical design 
condition.  However, based on this analysis, we offer the following recommendations presented below. 
 
1) Confirm 24” pipe is clear of debris – In consideration of the type and amount of debris (firewood, cut logs and 

branches, sticks, etc.) that were found to be clogged at the entrance to the 24” pipe, it is possible that pieces of 
this debris had entered into the 24” pipe.  As this 24” pipe has a bend in it, we recommend that an internal video 
inspection be performed on this pipe to ensure that this pipe is clear of debris. 

 
Estimated Cost = $800 

 
2) Install inlet structure on arch culvert – Currently the inlet to the arch culvert is open and unprotected.  This 

existing configuration is susceptible to debris in the upstream channel entering the pipe, resulting in the potential 
for pipe blockage and subsequent flooding of the nearby residence and overtopping of the public roadway.  In 
addition, this existing configuration presents a safety concern for young children, pets, etc. entering or being 
carried into the pipe by flowing water.  Accordingly, we recommend the installation of an inlet structure at the 
entrance to the arch culvert.  This structure could be equipped with a large opening to allow entrance of water, 
but protected with bars to prevent entrance by debris or children.  Recognizing that the protected opening may 
still be susceptible to clogging by debris, the inlet structure could be equipped with grated openings in the top of 
the structure to allow water to enter the arch culvert if the main opening is blocked.  These openings in the top 
could be provided with bee-hive type grates, which are less susceptible to clogging. 

 
Estimated Cost 

Design $   1,000 
Construction $ 10,000 
Inspection $   1,000 
Project Total $ 12,000 

 
3) Replace 24” pipe – With back-to-back record setting and near-record setting rainfall totals during the months of 

May and June, the ground moisture levels are much higher than normal.  These saturated ground conditions 
combined with short duration, very intense thunderstorm events with heavy rainfall present very high 
stormwater runoff rates that are resulting in increased ponding at the inlet to the arch culvert due to the direct 
connection to the 24” pipe.  This increased ponding not only results in floodwaters entering the residence, but 
also presents potential overtopping of the roadway.  Accordingly, as the 24” pipe is limiting the capacity of the 
arch culvert, we recommend that the 24” pipe be replaced with a 42” circular pipe.  This will greatly reduce the 
potential flooding in this area during not only the 25-Year design storm event, but also the 100-Year design storm 
event.  Table 6 below presents the results of the culvert analysis with the arch culvert connected to a new 42” 
pipe in place of the 24” pipe. 

 
Estimated Cost 

Design $   5,000 
Construction $ 50,000 
Inspection $   5,000 
Project Total $ 60,000 
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Table 6 – Culvert Hydraulic Analysis with Arch Culvert + New 42” Pipe 

 Arch Culvert + New 42” Pipe 
Arch Culvert 42” Pipe 

Design Storm Event Max Water Elev Max Water Elev 
25-Year, 24-Hour 
 ‘normal’ conditions 
 ‘wet’ conditions 

 
92.15 
94.70 

 
90.46 
91.58 

100-Year, 24-Hour 
 ‘normal’ conditions 
 ‘wet’ conditions 

 
93.23 
98.45 

 
91.10 
92.79 

   
Invert Elevation 89.97 88.40 

 
With the current 24” pipe in place, it serves as a ‘controlling’ or limiting device for the flow of water in the 
downstream channel.  If the 24” pipe is replaced with a larger pipe with additional capacity, the downstream 
channel is likely to experience increased flows during storm events.  Accordingly, any replacement and upsizing 
of the 24” pipe must be accompanied by an analysis of the downstream drainage channel and infrastructure for 
any impacts thereto.  The above estimated cost figures do not include this downstream analysis. 
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HydroCAD Modeling Results 
 

Arch Culvert only 
Normal ground moisture conditions 

25 Year, 24-Hour and 100 Year, 24-Hour Storm Events 
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Prepared by Microsoft,  Printed 7/8/2013
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Subcat Reach Pond Link

Arch Culvert only, normal ground moisture conditions
hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 2HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA



Arch Culvert only, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=1.46"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=28.420 cfs  6.405 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.86"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=0.866 cfs  0.113 af

Peak Elev=92.13'   Inflow=28.673 cfs  6.518 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=28.673 cfs  6.518 af

   Inflow=28.673 cfs  6.518 afLink 10L: (new Link)
   Primary=28.673 cfs  6.518 af

Total Runoff Area = 54.045 ac   Runoff Volume = 6.518 af   Average Runoff Depth = 1.45"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert only, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 4HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Summary for Subcatchment 5S: culvert watershed

Runoff = 28.420 cfs @ 13.13 hrs,  Volume= 6.405 af,  Depth= 1.46"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 Year Rainfall=4.20"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed

Runoff

Hydrograph
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Type II 24-hr
25 Year Rainfall=4.20"

Runoff Area=2,285,641 sf
Runoff Volume=6.405 af

Runoff Depth=1.46"
Flow Length=3,922'

Tc=88.9 min
CN=70

28.420 cfs

Arch Culvert only, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 0.866 cfs @ 12.35 hrs,  Volume= 0.113 af,  Depth= 0.86"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 Year Rainfall=4.20"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 2.16' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Outflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 92.13' @ 13.05 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=28.673 cfs @ 13.05 hrs  HW=92.13'   (Free Discharge)
1=Culvert  (Inlet Controls 28.673 cfs @ 3.71 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=92.13'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

28.673 cfs
28.673 cfs

Arch Culvert only, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Arch Culvert only, normal ground moisture conditions
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=2.19"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=44.007 cfs  9.558 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=1.42"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=1.593 cfs  0.186 af

Peak Elev=93.05'   Inflow=44.442 cfs  9.744 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=44.442 cfs  9.744 af

   Inflow=44.442 cfs  9.744 afLink 10L: (new Link)
   Primary=44.442 cfs  9.744 af

Total Runoff Area = 54.045 ac   Runoff Volume = 9.744 af   Average Runoff Depth = 2.16"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert only, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 44.007 cfs @ 13.04 hrs,  Volume= 9.558 af,  Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 Year Rainfall=5.20"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total



Arch Culvert only, normal ground moisture conditions
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Subcatchment 5S: culvert watershed
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Type II 24-hr
100 Year Rainfall=5.20"

Runoff Area=2,285,641 sf
Runoff Volume=9.558 af

Runoff Depth=2.19"
Flow Length=3,922'

Tc=88.9 min
CN=70

44.007 cfs

Arch Culvert only, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 1.593 cfs @ 12.32 hrs,  Volume= 0.186 af,  Depth= 1.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 Year Rainfall=5.20"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Type II 24-hr
100 Year Rainfall=5.20"
Runoff Area=68,569 sf

Runoff Volume=0.186 af
Runoff Depth=1.42"

Flow Length=511'
Tc=33.4 min

CN=60

1.593 cfs
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 3.08' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Outflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 93.05' @ 13.04 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=44.441 cfs @ 13.04 hrs  HW=93.05'   (Free Discharge)
1=Culvert  (Inlet Controls 44.441 cfs @ 4.99 fps)

Pond 8R: 49x33 cmp arch

Inflow
Primary

Hydrograph

Time  (hours)
95908580757065605550454035302520151050

F
lo

w
  (

cf
s)

48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

Inflow Area=54.045 ac
Peak Elev=93.05'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

44.442 cfs
44.442 cfs

Arch Culvert only, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Subcat Reach Pond Link

Arch Culvert+24" Pipe, normal ground moisture conditions
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=1.46"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=28.420 cfs  6.405 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.86"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=0.866 cfs  0.113 af

Peak Elev=93.81'   Inflow=28.673 cfs  6.518 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=28.673 cfs  6.518 af

Peak Elev=92.99'   Inflow=28.673 cfs  6.518 afPond 9R: 24" PVC
24.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=28.673 cfs  6.518 af

   Inflow=28.673 cfs  6.518 afLink 10L: (new Link)
   Primary=28.673 cfs  6.518 af

Total Runoff Area = 54.045 ac   Runoff Volume = 6.518 af   Average Runoff Depth = 1.45"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 28.420 cfs @ 13.13 hrs,  Volume= 6.405 af,  Depth= 1.46"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 Year Rainfall=4.20"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed
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Type II 24-hr
25 Year Rainfall=4.20"

Runoff Area=2,285,641 sf
Runoff Volume=6.405 af

Runoff Depth=1.46"
Flow Length=3,922'

Tc=88.9 min
CN=70

28.420 cfs

Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 0.866 cfs @ 12.35 hrs,  Volume= 0.113 af,  Depth= 0.86"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 Year Rainfall=4.20"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Type II 24-hr
25 Year Rainfall=4.20"
Runoff Area=68,569 sf

Runoff Volume=0.113 af
Runoff Depth=0.86"

Flow Length=511'
Tc=33.4 min

CN=60

0.866 cfs
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 3.84' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Outflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 93.81' @ 13.05 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=28.673 cfs @ 13.05 hrs  HW=93.81'  TW=92.99'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 28.673 cfs @ 3.22 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=93.81'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'
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Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Pond 9R: 24" PVC

[58] Hint: Peaked 4.59' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Outflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 92.99' @ 13.05 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 24.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=28.673 cfs @ 13.05 hrs  HW=92.99'   (Free Discharge)
1=Culvert  (Inlet Controls 28.673 cfs @ 9.13 fps)

Pond 9R: 24" PVC
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Inflow Area=54.045 ac
Peak Elev=92.99'

24.0"
Round Culvert

n=0.010
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Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Inflow Area=54.045 ac
28.673 cfs

28.673 cfs

Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=2.19"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=44.007 cfs  9.558 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=1.42"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=1.593 cfs  0.186 af

Peak Elev=100.00'   Inflow=44.442 cfs  9.744 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=44.442 cfs  9.744 af

Peak Elev=98.03'   Inflow=44.442 cfs  9.744 afPond 9R: 24" PVC
24.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=44.442 cfs  9.744 af

   Inflow=44.442 cfs  9.744 afLink 10L: (new Link)
   Primary=44.442 cfs  9.744 af

Total Runoff Area = 54.045 ac   Runoff Volume = 9.744 af   Average Runoff Depth = 2.16"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac



Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 44.007 cfs @ 13.04 hrs,  Volume= 9.558 af,  Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 Year Rainfall=5.20"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total

Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Subcatchment 5S: culvert watershed
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Type II 24-hr
100 Year Rainfall=5.20"

Runoff Area=2,285,641 sf
Runoff Volume=9.558 af

Runoff Depth=2.19"
Flow Length=3,922'

Tc=88.9 min
CN=70

44.007 cfs



Arch Culvert+24" Pipe, normal ground moisture conditions
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 1.593 cfs @ 12.32 hrs,  Volume= 0.186 af,  Depth= 1.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 Year Rainfall=5.20"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road

Runoff

Hydrograph

Time  (hours)
95908580757065605550454035302520151050

F
lo

w
  (

cf
s) 1

0

Type II 24-hr
100 Year Rainfall=5.20"
Runoff Area=68,569 sf

Runoff Volume=0.186 af
Runoff Depth=1.42"

Flow Length=511'
Tc=33.4 min

CN=60

1.593 cfs

Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 10.03' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Outflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 100.00' @ 13.04 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=44.441 cfs @ 13.04 hrs  HW=100.00'  TW=98.03'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 44.441 cfs @ 4.99 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=100.00'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

44.442 cfs
44.442 cfs



Arch Culvert+24" Pipe, normal ground moisture conditions
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Summary for Pond 9R: 24" PVC

[58] Hint: Peaked 9.63' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Outflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 98.03' @ 13.04 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 24.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=44.441 cfs @ 13.04 hrs  HW=98.03'   (Free Discharge)
1=Culvert  (Inlet Controls 44.441 cfs @ 14.15 fps)

Pond 9R: 24" PVC
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Inflow Area=54.045 ac
Peak Elev=98.03'

24.0"
Round Culvert

n=0.010
L=217.0'

S=0.0119 '/'

44.442 cfs
44.442 cfs

Arch Culvert+24" Pipe, normal ground moisture conditions
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Subcat Reach Pond Link

Arch Culvert only, normal ground moisture conditions, 07/04/13 storm event
hydrocad mansfield ave culvert
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA



Arch Culvert only, normal ground moisture conditions, 07/04/13 storm event
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=0.34"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=11.729 cfs  1.494 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.11"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=0.175 cfs  0.015 af

Peak Elev=91.21'   Inflow=11.814 cfs  1.508 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=11.814 cfs  1.508 af

Peak Elev=0.00'Pond 9R: 24" PVC
24.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Primary=0.000 cfs  0.000 af

   Inflow=11.814 cfs  1.508 afLink 10L: (new Link)
   Primary=11.814 cfs  1.508 af

Total Runoff Area = 54.045 ac   Runoff Volume = 1.508 af   Average Runoff Depth = 0.33"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert only, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 11.729 cfs @ 2.37 hrs,  Volume= 1.494 af,  Depth= 0.34"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed
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Type II 24-hr 2.00 hrs
Rainfall=2.25"

Runoff Area=2,285,641 sf
Runoff Volume=1.494 af

Runoff Depth=0.34"
Flow Length=3,922'

Tc=88.9 min
CN=70

11.729 cfs

Arch Culvert only, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 0.175 cfs @ 1.64 hrs,  Volume= 0.015 af,  Depth= 0.11"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road

Runoff

Hydrograph

Time  (hours)
95908580757065605550454035302520151050

F
lo

w
  (

cf
s)

0.19
0.18
0.17
0.16
0.15
0.14
0.13
0.12
0.11
0.1

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

Type II 24-hr 2.00 hrs
Rainfall=2.25"

Runoff Area=68,569 sf
Runoff Volume=0.015 af

Runoff Depth=0.11"
Flow Length=511'

Tc=33.4 min
CN=60

0.175 cfs



Arch Culvert only, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 7HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 1.24' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.33"
Inflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af
Outflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af,  Atten= 0%,  Lag= 0.0 min
Primary = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 91.21' @ 2.37 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=11.812 cfs @ 2.37 hrs  HW=91.21'   (Free Discharge)
1=Culvert  (Inlet Controls 11.812 cfs @ 2.67 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=91.21'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

11.814 cfs
11.814 cfs

Arch Culvert only, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert
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Summary for Pond 9R: 24" PVC

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

Primary = 0.000 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 0.00' @ 0.00 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 24.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=0.000 cfs @ 0.00 hrs  HW=0.00'   (Free Discharge)
1=Culvert  ( Controls 0.000 cfs)

Pond 9R: 24" PVC
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.33"
Inflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af
Primary = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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HydroCAD Modeling Results 
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wet ground moisture conditions 
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Subcat Reach Pond Link

Arch Culvert only, wet ground moisture conditions, 07/04/13 storm event
hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA



Arch Culvert only, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=0.98"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   AMC Adjusted CN=85   Runoff=34.455 cfs  4.297 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.63"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   AMC Adjusted CN=78   Runoff=1.350 cfs  0.083 af

Peak Elev=92.45'   Inflow=34.803 cfs  4.380 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=34.803 cfs  4.380 af

Peak Elev=0.00'Pond 9R: 24" PVC
24.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Primary=0.000 cfs  0.000 af

   Inflow=34.803 cfs  4.380 afLink 10L: (new Link)
   Primary=34.803 cfs  4.380 af

Total Runoff Area = 54.045 ac   Runoff Volume = 4.380 af   Average Runoff Depth = 0.97"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert only, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Summary for Subcatchment 5S: culvert watershed

Runoff = 34.455 cfs @ 2.27 hrs,  Volume= 4.297 af,  Depth= 0.98"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average, AMC Adjusted CN = 85
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed
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Type II 24-hr 2.00 hrs
Rainfall=2.25"

AMC=3
Runoff Area=2,285,641 sf

Runoff Volume=4.297 af
Runoff Depth=0.98"
Flow Length=3,922'

Tc=88.9 min
AMC Adjusted CN=85

34.455 cfs

Arch Culvert only, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 1.350 cfs @ 1.45 hrs,  Volume= 0.083 af,  Depth= 0.63"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average, AMC Adjusted CN = 78
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Type II 24-hr 2.00 hrs
Rainfall=2.25"

AMC=3
Runoff Area=68,569 sf

Runoff Volume=0.083 af
Runoff Depth=0.63"

Flow Length=511'
Tc=33.4 min

AMC Adjusted CN=78

1.350 cfs
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 2.48' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.97"
Inflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af
Outflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af,  Atten= 0%,  Lag= 0.0 min
Primary = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 92.45' @ 2.27 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=34.796 cfs @ 2.27 hrs  HW=92.45'   (Free Discharge)
1=Culvert  (Inlet Controls 34.796 cfs @ 4.08 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=92.45'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

34.803 cfs
34.803 cfs

Arch Culvert only, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert
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Summary for Pond 9R: 24" PVC

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

Primary = 0.000 cfs @ 0.00 hrs,  Volume= 0.000 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 0.00' @ 0.00 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 24.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=0.000 cfs @ 0.00 hrs  HW=0.00'   (Free Discharge)
1=Culvert  ( Controls 0.000 cfs)

Pond 9R: 24" PVC
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Peak Elev=0.00'
24.0"

Round Culvert
n=0.010
L=217.0'

S=0.0119 '/'

0.000 cfs
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.97"
Inflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af
Primary = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Inflow Area=54.045 ac
34.803 cfs
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Village of Essex Junction  Culvert Analysis 
Mansfield Avenue Watershed Analysis  Appendix 
 

Donald L. Hamlin Consulting Engineers, Inc. 

 
 
 
 
 
 
 
 
 
 
 
 
 

HydroCAD Modeling Results 
 

Arch Culvert + 24” Pipe 
normal ground moisture conditions 

July 4, 2013 Storm Event 
 

  



5S

culvert watershed

12S

Drainage to CB on Road

8R
CB

49x33 cmp arch

9R
CB

24" PVC
10L

(new Link)

Routing Diagram for hydrocad mansfield ave culvert
Prepared by Microsoft,  Printed 7/8/2013

HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Subcat Reach Pond Link

Arch Culvert+24" Pipe, normal ground moisture conditions, 07/04/13 storm event
hydrocad mansfield ave culvert
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=0.34"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=11.729 cfs  1.494 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.11"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=0.175 cfs  0.015 af

Peak Elev=91.25'   Inflow=11.814 cfs  1.508 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=11.814 cfs  1.508 af

Peak Elev=90.02'   Inflow=11.814 cfs  1.508 afPond 9R: 24" PVC
24.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=11.814 cfs  1.508 af

   Inflow=11.814 cfs  1.508 afLink 10L: (new Link)
   Primary=11.814 cfs  1.508 af

Total Runoff Area = 54.045 ac   Runoff Volume = 1.508 af   Average Runoff Depth = 0.33"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert+24" Pipe, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 11.729 cfs @ 2.37 hrs,  Volume= 1.494 af,  Depth= 0.34"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed
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Type II 24-hr 2.00 hrs
Rainfall=2.25"

Runoff Area=2,285,641 sf
Runoff Volume=1.494 af

Runoff Depth=0.34"
Flow Length=3,922'

Tc=88.9 min
CN=70

11.729 cfs

Arch Culvert+24" Pipe, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 0.175 cfs @ 1.64 hrs,  Volume= 0.015 af,  Depth= 0.11"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Type II 24-hr 2.00 hrs
Rainfall=2.25"

Runoff Area=68,569 sf
Runoff Volume=0.015 af

Runoff Depth=0.11"
Flow Length=511'

Tc=33.4 min
CN=60

0.175 cfs
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 1.28' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.33"
Inflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af
Outflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af,  Atten= 0%,  Lag= 0.0 min
Primary = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 91.25' @ 2.37 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=11.812 cfs @ 2.37 hrs  HW=91.25'  TW=90.02'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 11.812 cfs @ 3.59 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=91.25'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

11.814 cfs
11.814 cfs

Arch Culvert+24" Pipe, normal ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25"hydrocad mansfield ave culvert
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Summary for Pond 9R: 24" PVC

[58] Hint: Peaked 1.62' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.33"
Inflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af
Outflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af,  Atten= 0%,  Lag= 0.0 min
Primary = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 90.02' @ 2.37 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 24.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=11.812 cfs @ 2.37 hrs  HW=90.02'   (Free Discharge)
1=Culvert  (Inlet Controls 11.812 cfs @ 4.33 fps)

Pond 9R: 24" PVC
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Inflow Area=54.045 ac
Peak Elev=90.02'

24.0"
Round Culvert

n=0.010
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.33"
Inflow = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af
Primary = 11.814 cfs @ 2.37 hrs,  Volume= 1.508 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Subcat Reach Pond Link

Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 2HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA



Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 3HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=0.98"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   AMC Adjusted CN=85   Runoff=34.455 cfs  4.297 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.63"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   AMC Adjusted CN=78   Runoff=1.350 cfs  0.083 af

Peak Elev=95.90'   Inflow=34.803 cfs  4.380 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=34.803 cfs  4.380 af

Peak Elev=94.69'   Inflow=34.803 cfs  4.380 afPond 9R: 24" PVC
24.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=34.803 cfs  4.380 af

   Inflow=34.803 cfs  4.380 afLink 10L: (new Link)
   Primary=34.803 cfs  4.380 af

Total Runoff Area = 54.045 ac   Runoff Volume = 4.380 af   Average Runoff Depth = 0.97"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 4HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Summary for Subcatchment 5S: culvert watershed

Runoff = 34.455 cfs @ 2.27 hrs,  Volume= 4.297 af,  Depth= 0.98"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average, AMC Adjusted CN = 85
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total



Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Subcatchment 5S: culvert watershed
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Type II 24-hr 2.00 hrs
Rainfall=2.25"

AMC=3
Runoff Area=2,285,641 sf

Runoff Volume=4.297 af
Runoff Depth=0.98"
Flow Length=3,922'

Tc=88.9 min
AMC Adjusted CN=85

34.455 cfs

Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 1.350 cfs @ 1.45 hrs,  Volume= 0.083 af,  Depth= 0.63"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average, AMC Adjusted CN = 78
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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AMC=3
Runoff Area=68,569 sf

Runoff Volume=0.083 af
Runoff Depth=0.63"

Flow Length=511'
Tc=33.4 min

AMC Adjusted CN=78
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Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 5.93' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.97"
Inflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af
Outflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af,  Atten= 0%,  Lag= 0.0 min
Primary = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 95.90' @ 2.27 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=34.796 cfs @ 2.27 hrs  HW=95.90'  TW=94.69'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 34.796 cfs @ 3.91 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=95.90'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

34.803 cfs
34.803 cfs

Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert
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Summary for Pond 9R: 24" PVC

[58] Hint: Peaked 6.29' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.97"
Inflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af
Outflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af,  Atten= 0%,  Lag= 0.0 min
Primary = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 94.69' @ 2.27 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 24.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 3.14 sf   

Primary OutFlow  Max=34.796 cfs @ 2.27 hrs  HW=94.69'   (Free Discharge)
1=Culvert  (Inlet Controls 34.796 cfs @ 11.08 fps)

Pond 9R: 24" PVC
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Inflow Area=54.045 ac
Peak Elev=94.69'
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Arch Culvert+24" Pipe, wet ground moisture conditions, 07/04/13 storm event
Type II 24-hr 2.00 hrs  Rainfall=2.25", AMC=3hydrocad mansfield ave culvert
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 0.97"
Inflow = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af
Primary = 34.803 cfs @ 2.27 hrs,  Volume= 4.380 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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HydroCAD Modeling Results 
 

Arch Culvert + New 42” Pipe 
normal ground moisture conditions 

25 Year, 24-Hour and 100 Year, 24-Hour Storm Events 
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Subcat Reach Pond Link

Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA



Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=1.46"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=28.420 cfs  6.405 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=0.86"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=0.866 cfs  0.113 af

Peak Elev=92.15'   Inflow=28.673 cfs  6.518 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=28.673 cfs  6.518 af

Peak Elev=90.46'   Inflow=28.673 cfs  6.518 afPond 11P: 42" HDPE
42.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=28.673 cfs  6.518 af

   Inflow=28.673 cfs  6.518 afLink 10L: (new Link)
   Primary=28.673 cfs  6.518 af

Total Runoff Area = 54.045 ac   Runoff Volume = 6.518 af   Average Runoff Depth = 1.45"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
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Summary for Subcatchment 5S: culvert watershed

Runoff = 28.420 cfs @ 13.13 hrs,  Volume= 6.405 af,  Depth= 1.46"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 Year Rainfall=4.20"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total



Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Subcatchment 5S: culvert watershed
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Type II 24-hr
25 Year Rainfall=4.20"

Runoff Area=2,285,641 sf
Runoff Volume=6.405 af

Runoff Depth=1.46"
Flow Length=3,922'

Tc=88.9 min
CN=70

28.420 cfs

Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 0.866 cfs @ 12.35 hrs,  Volume= 0.113 af,  Depth= 0.86"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  25 Year Rainfall=4.20"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Type II 24-hr
25 Year Rainfall=4.20"
Runoff Area=68,569 sf

Runoff Volume=0.113 af
Runoff Depth=0.86"

Flow Length=511'
Tc=33.4 min

CN=60

0.866 cfs



Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 2.18' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Outflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 92.15' @ 13.05 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=28.673 cfs @ 13.05 hrs  HW=92.15'  TW=90.46'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 28.673 cfs @ 3.68 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=92.15'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

28.673 cfs
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Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  25 Year Rainfall=4.20"hydrocad mansfield ave culvert
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Summary for Pond 11P: 42" HDPE

[58] Hint: Peaked 2.06' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Outflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 90.46' @ 13.05 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 42.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 9.62 sf   

Primary OutFlow  Max=28.673 cfs @ 13.05 hrs  HW=90.46'   (Free Discharge)
1=Culvert  (Inlet Controls 28.673 cfs @ 4.88 fps)

Pond 11P: 42" HDPE
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Inflow Area=54.045 ac
Peak Elev=90.46'

42.0"
Round Culvert

n=0.010
L=217.0'

S=0.0119 '/'

28.673 cfs
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 1.45"    for  25 Year event
Inflow = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af
Primary = 28.673 cfs @ 13.05 hrs,  Volume= 6.518 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=2.19"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   CN=70   Runoff=44.007 cfs  9.558 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=1.42"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   CN=60   Runoff=1.593 cfs  0.186 af

Peak Elev=93.23'   Inflow=44.442 cfs  9.744 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=44.442 cfs  9.744 af

Peak Elev=91.10'   Inflow=44.442 cfs  9.744 afPond 11P: 42" HDPE
42.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=44.442 cfs  9.744 af

   Inflow=44.442 cfs  9.744 afLink 10L: (new Link)
   Primary=44.442 cfs  9.744 af

Total Runoff Area = 54.045 ac   Runoff Volume = 9.744 af   Average Runoff Depth = 2.16"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac
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Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 44.007 cfs @ 13.04 hrs,  Volume= 9.558 af,  Depth= 2.19"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 Year Rainfall=5.20"

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total

Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Subcatchment 5S: culvert watershed
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Type II 24-hr
100 Year Rainfall=5.20"

Runoff Area=2,285,641 sf
Runoff Volume=9.558 af

Runoff Depth=2.19"
Flow Length=3,922'

Tc=88.9 min
CN=70

44.007 cfs
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 1.593 cfs @ 12.32 hrs,  Volume= 0.186 af,  Depth= 1.42"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  100 Year Rainfall=5.20"

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road

Runoff

Hydrograph

Time  (hours)
95908580757065605550454035302520151050

F
lo

w
  (

cf
s) 1

0

Type II 24-hr
100 Year Rainfall=5.20"
Runoff Area=68,569 sf

Runoff Volume=0.186 af
Runoff Depth=1.42"

Flow Length=511'
Tc=33.4 min

CN=60

1.593 cfs

Arch Culvert +New 42" Pipe, normal ground moisture conditions, 25+100 year storms
Type II 24-hr  100 Year Rainfall=5.20"hydrocad mansfield ave culvert
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 3.26' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Outflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 93.23' @ 13.04 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=44.441 cfs @ 13.04 hrs  HW=93.23'  TW=91.10'   (Dynamic Tailwater)
1=Culvert  (Inlet Controls 44.441 cfs @ 4.99 fps)

Pond 8R: 49x33 cmp arch

Inflow
Primary

Hydrograph

Time  (hours)
95908580757065605550454035302520151050

F
lo

w
  (

cf
s)

48
46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

Inflow Area=54.045 ac
Peak Elev=93.23'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'
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Summary for Pond 11P: 42" HDPE

[58] Hint: Peaked 2.70' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Outflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 91.10' @ 13.04 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 42.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 9.62 sf   

Primary OutFlow  Max=44.441 cfs @ 13.04 hrs  HW=91.10'   (Free Discharge)
1=Culvert  (Inlet Controls 44.441 cfs @ 5.59 fps)

Pond 11P: 42" HDPE
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Inflow Area=54.045 ac
Peak Elev=91.10'

42.0"
Round Culvert

n=0.010
L=217.0'

S=0.0119 '/'

44.442 cfs
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.16"    for  100 Year event
Inflow = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af
Primary = 44.442 cfs @ 13.04 hrs,  Volume= 9.744 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Subcat Reach Pond Link
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA



Arch Culvert +New 42" Pipe, wet ground moisture conditions, 25 year storm
Type II 24-hr  Rainfall=4.20", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 3HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=2.64"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   AMC Adjusted CN=85   Runoff=55.157 cfs  11.532 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=2.05"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   AMC Adjusted CN=78   Runoff=2.584 cfs  0.269 af

Peak Elev=94.70'   Inflow=55.843 cfs  11.800 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=55.843 cfs  11.800 af

Peak Elev=91.58'   Inflow=55.843 cfs  11.800 afPond 11P: 42" HDPE
42.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=55.843 cfs  11.800 af

   Inflow=55.843 cfs  11.800 afLink 10L: (new Link)
   Primary=55.843 cfs  11.800 af

Total Runoff Area = 54.045 ac   Runoff Volume = 11.800 af   Average Runoff Depth = 2.62"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert +New 42" Pipe, wet ground moisture conditions, 25 year storm
Type II 24-hr  Rainfall=4.20", AMC=3hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 55.157 cfs @ 12.95 hrs,  Volume= 11.532 af,  Depth= 2.64"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  Rainfall=4.20", AMC=3

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average, AMC Adjusted CN = 85
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed
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Type II 24-hr
Rainfall=4.20"

AMC=3
Runoff Area=2,285,641 sf
Runoff Volume=11.532 af

Runoff Depth=2.64"
Flow Length=3,922'

Tc=88.9 min
AMC Adjusted CN=85

55.157 cfs

Arch Culvert +New 42" Pipe, wet ground moisture conditions, 25 year storm
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 2.584 cfs @ 12.29 hrs,  Volume= 0.269 af,  Depth= 2.05"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  Rainfall=4.20", AMC=3

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average, AMC Adjusted CN = 78
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road
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Type II 24-hr
Rainfall=4.20"

AMC=3
Runoff Area=68,569 sf

Runoff Volume=0.269 af
Runoff Depth=2.05"

Flow Length=511'
Tc=33.4 min

AMC Adjusted CN=78

2.584 cfs
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Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 4.73' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.62"
Inflow = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af
Outflow = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af,  Atten= 0%,  Lag= 0.0 min
Primary = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 94.70' @ 12.94 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=55.823 cfs @ 12.94 hrs  HW=94.69'  TW=91.58'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 55.823 cfs @ 6.27 fps)

Pond 8R: 49x33 cmp arch
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Inflow Area=54.045 ac
Peak Elev=94.70'

49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert

n=0.025
L=132.0'

S=0.0119 '/'

55.843 cfs
55.843 cfs

Arch Culvert +New 42" Pipe, wet ground moisture conditions, 25 year storm
Type II 24-hr  Rainfall=4.20", AMC=3hydrocad mansfield ave culvert
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Summary for Pond 11P: 42" HDPE

[58] Hint: Peaked 3.18' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.62"
Inflow = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af
Outflow = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af,  Atten= 0%,  Lag= 0.0 min
Primary = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 91.58' @ 12.94 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 42.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 9.62 sf   

Primary OutFlow  Max=55.823 cfs @ 12.94 hrs  HW=91.58'   (Free Discharge)
1=Culvert  (Inlet Controls 55.823 cfs @ 6.07 fps)

Pond 11P: 42" HDPE
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Inflow Area=54.045 ac
Peak Elev=91.58'

42.0"
Round Culvert
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 2.62"
Inflow = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af
Primary = 55.843 cfs @ 12.94 hrs,  Volume= 11.800 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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Subcat Reach Pond Link
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Area Listing (selected nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

7.435 98   (5S)
0.333 98 Paved parking, HSG A  (12S)
0.146 98 Paved parking, HSG D  (12S)
5.797 43 Woods/grass comb., Fair, HSG A  (5S)

31.705 65 Woods/grass comb., Fair, HSG B  (5S)
7.534 82 Woods/grass comb., Fair, HSG D  (5S)
0.820 32 Woods/grass comb., Good, HSG A  (12S)
0.276 79 Woods/grass comb., Good, HSG D  (12S)

54.045 69 TOTAL AREA
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Time span=0.00-96.00 hrs, dt=0.01 hrs, 9601 points x 2
Runoff by SCS TR-20 method, UH=SCS

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

Runoff Area=2,285,641 sf   14.17% Impervious   Runoff Depth=3.55"Subcatchment 5S: culvert watershed
   Flow Length=3,922'   Tc=88.9 min   AMC Adjusted CN=85   Runoff=74.359 cfs  15.537 af

Runoff Area=68,569 sf   30.41% Impervious   Runoff Depth=2.88"Subcatchment 12S: Drainage to CB on 
   Flow Length=511'   Tc=33.4 min   AMC Adjusted CN=78   Runoff=3.670 cfs  0.378 af

Peak Elev=98.45'   Inflow=75.276 cfs  15.915 afPond 8R: 49x33 cmp arch
49.0" x 33.0", R=25.1"/77.3"  Arch Culvert  n=0.025  L=132.0'  S=0.0119 '/'   Outflow=75.276 cfs  15.915 af

Peak Elev=92.79'   Inflow=75.276 cfs  15.915 afPond 11P: 42" HDPE
42.0"  Round Culvert  n=0.010  L=217.0'  S=0.0119 '/'   Outflow=75.276 cfs  15.915 af

   Inflow=75.276 cfs  15.915 afLink 10L: (new Link)
   Primary=75.276 cfs  15.915 af

Total Runoff Area = 54.045 ac   Runoff Volume = 15.915 af   Average Runoff Depth = 3.53"
85.36% Pervious = 46.132 ac     14.64% Impervious = 7.913 ac

Arch Culvert +New 42" Pipe, wet ground moisture conditions, 100 year storm
Type II 24-hr  Rainfall=5.20", AMC=3hydrocad mansfield ave culvert
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Summary for Subcatchment 5S: culvert watershed

Runoff = 74.359 cfs @ 12.94 hrs,  Volume= 15.537 af,  Depth= 3.55"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  Rainfall=5.20", AMC=3

Area (sf) CN Description
* 30,682 98

252,509 43 Woods/grass comb., Fair, HSG A
* 265,713 98

1,381,085 65 Woods/grass comb., Fair, HSG B
* 27,457 98

328,195 82 Woods/grass comb., Fair, HSG D
2,285,641 70 Weighted Average, AMC Adjusted CN = 85
1,961,789 85.83% Pervious Area

323,852 14.17% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
44.1 200 0.0200 0.08 Sheet Flow, sheet flow

Woods: Light underbrush   n= 0.400   P2= 2.30"
7.8 497 0.0450 1.06 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
0.5 80 0.3000 2.74 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
1.0 Direct Entry, corduroy road cb to outfall
2.4 208 0.0870 1.47 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
5.1 242 0.0250 0.79 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
6.7 200 0.0100 0.50 Shallow Concentrated Flow, shallow, woods

Woodland   Kv= 5.0 fps
2.1 380 3.00 Direct Entry, pipe under briar

19.2 2,115 0.0150 1.84 Shallow Concentrated Flow, 
Grassed Waterway   Kv= 15.0 fps

88.9 3,922 Total
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Subcatchment 5S: culvert watershed
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Type II 24-hr
Rainfall=5.20"

AMC=3
Runoff Area=2,285,641 sf
Runoff Volume=15.537 af

Runoff Depth=3.55"
Flow Length=3,922'

Tc=88.9 min
AMC Adjusted CN=85

74.359 cfs
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Summary for Subcatchment 12S: Drainage to CB on Road

Runoff = 3.670 cfs @ 12.28 hrs,  Volume= 0.378 af,  Depth= 2.88"

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs
Type II 24-hr  Rainfall=5.20", AMC=3

Area (sf) CN Description
35,712 32 Woods/grass comb., Good, HSG A
14,484 98 Paved parking, HSG A
12,002 79 Woods/grass comb., Good, HSG D

6,371 98 Paved parking, HSG D
68,569 60 Weighted Average, AMC Adjusted CN = 78
47,714 69.59% Pervious Area
20,855 30.41% Impervious Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
27.7 150 0.0360 0.09 Sheet Flow, Woods and Yard

Woods: Light underbrush   n= 0.400   P2= 2.30"
4.5 210 0.0240 0.77 Shallow Concentrated Flow, Woods and Yard

Woodland   Kv= 5.0 fps
1.2 151 0.0100 2.03 Shallow Concentrated Flow, Curb to CB

Paved   Kv= 20.3 fps
33.4 511 Total

Subcatchment 12S: Drainage to CB on Road

Runoff

Hydrograph
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Runoff Depth=2.88"

Flow Length=511'
Tc=33.4 min

AMC Adjusted CN=78

3.670 cfs



Arch Culvert +New 42" Pipe, wet ground moisture conditions, 100 year storm
Type II 24-hr  Rainfall=5.20", AMC=3hydrocad mansfield ave culvert

  Printed  7/8/2013Prepared by Microsoft
Page 7HydroCAD® 10.00  s/n 02798  © 2012 HydroCAD Software Solutions LLC

Summary for Pond 8R: 49x33 cmp arch

[58] Hint: Peaked 8.48' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 3.53"
Inflow = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af
Outflow = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af,  Atten= 0%,  Lag= 0.0 min
Primary = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 98.45' @ 12.94 hrs
Flood Elev= 89.97'

Device Routing     Invert Outlet Devices
#1 Primary 89.97' 49.0" W x 33.0" H, R=25.1"/77.3"  Arch Culvert   

L= 132.0'   CMP, projecting, no headwall,  Ke= 0.900   
Inlet / Outlet Invert= 89.97' / 88.40'   S= 0.0119 '/'   Cc= 0.900   
n= 0.025  Corrugated metal,  Flow Area= 8.90 sf   

Primary OutFlow  Max=75.250 cfs @ 12.94 hrs  HW=98.44'  TW=92.79'   (Dynamic Tailwater)
1=Culvert  (Outlet Controls 75.250 cfs @ 8.45 fps)

Pond 8R: 49x33 cmp arch
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49.0" x 33.0"
R=25.1"/77.3"
Arch Culvert
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Summary for Pond 11P: 42" HDPE

[58] Hint: Peaked 4.39' above defined flood level

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 3.53"
Inflow = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af
Outflow = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af,  Atten= 0%,  Lag= 0.0 min
Primary = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af

Routing by Dyn-Stor-Ind method, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs / 2
Peak Elev= 92.79' @ 12.94 hrs
Flood Elev= 88.40'

Device Routing     Invert Outlet Devices
#1 Primary 88.40' 42.0"  Round Culvert   

L= 217.0'   CPP, square edge headwall,  Ke= 0.500   
Inlet / Outlet Invert= 88.40' / 85.82'   S= 0.0119 '/'   Cc= 0.900   
n= 0.010  PVC, smooth interior,  Flow Area= 9.62 sf   

Primary OutFlow  Max=75.250 cfs @ 12.94 hrs  HW=92.79'   (Free Discharge)
1=Culvert  (Inlet Controls 75.250 cfs @ 7.82 fps)

Pond 11P: 42" HDPE
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Summary for Link 10L: (new Link)

Inflow Area = 54.045 ac, 14.64% Impervious,  Inflow Depth = 3.53"
Inflow = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af
Primary = 75.276 cfs @ 12.94 hrs,  Volume= 15.915 af,  Atten= 0%,  Lag= 0.0 min

Primary outflow = Inflow, Time Span= 0.00-96.00 hrs, dt= 0.01 hrs

Link 10L: (new Link)
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