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1.0 PURPOSE AND SCOPE 

This report fulfills the periodic update to Cardinal’s run-on and run-off control plan in 

accordance with the Federal Coal Combustion Residual Rules, 40 CFR 257.81 (c)(4) (Reference 

9.1). As required by the rule, Cardinal’s landfill continues to manage run-on and run-off peak flows 

resulting from a 24-hour, 25-year storm event. The initial run-on and run-off control plan was 

prepared by AEP (October 2016) and was updated by TRC (October 2021).  

In addition to meeting the periodic update requirements associated with 40 CFR 257.81, 

this plan also documents the future changes to landfill run-off conditions associated with the 

recently installed landfill contact stormwater pond and pump station which have yet to be put into 

service.  

2.0 DESIGN INPUT 

2.1 Rainfall data for the site was obtained from the NOAA Precipitation Frequency Data Server for 

the 25-year precipitation event. Rainfall depth for various durations is presented in Table 1 

(Attachment 1). The system is designed to account for the peak discharge from the 24-hour, 25-

year storm event.  

Table 1: Rainfall Data 

  

Duration (minutes) 25-Year 

5 0.60 

10 0.92 

30 1.61 

60 2.08 

120 2.41 

720 3.49 

1,440 4.00 

 

2.2 Runoff Curve numbers are used per Technical Release No. 55 (TR55) (Reference 9.2). 

2.3 The total area that is analyzed is roughly 44.5 acres (Attachment 4). 

2.4 The hydrologic soil group will be type “D” as noted from NRCS Soil Survey (Reference 9.3 & 

Attachment 2).  

2.5 The project site is located within the Type II rainfall distribution (Attachment 3) according to the 

United States Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS) 

Technical Release 55 (TR55) “Urban Hydrology for Small Watersheds” (Reference 9.2).  
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2.6 Stormwater runoff will be conveyed by a system of culverts from the existing ponds. All existing 

structures, pipes, and culverts will remain in-place (Attachment 6, Reference 9.4). This includes 

the pond discharge system that uses a lift station to pump runoff from the pond into Blockhouse 

Run. The flow for the east and west interceptor ditches will be directed  first to the forebay and then 

the stormwater pond to the south. The flow for the existing drainage ditches north of cell 1 and 3 is 

directed to outlet structures in the north and east which also will discharge into Blockhouse Run as 

well as to the forebay and primary pond to the south.  

2.7 An overall summary of the drainage areas and their respective CN values can be found in Table 2. 

The drainage area exhibit and flow path can be found in Attachment 4. The CN value of 89 is 

estimated based on the existing site conditions for Cells 1 and 3 and the corresponding CN value 

of ash.  

Table 2: Drainage Areas 

Drainage Area ID Area (acre) Composite CN Value 

AREA 1 5.25 89 

AREA 2 4.25 89 

AREA 3 35.00 89 

3.0 Existing Conditions 

3.1  The east interceptor gravel ditch has a bottom width of 6 ft with side slopes ranging from 3:1 to 4:1. 

It has a watershed contributing flow of 40 acres. The ditch is 617.00 ft in length. The ditch has an 

allowable flow depth of 3 ft (with an additional 1 ft freeboard). The design depth of flow is 2.60 ft. For 

the 25-year, 24-hour storm event, the peak discharge into the ditch is 141.27 cfs. See section 7.0.   

3.2  The west interceptor gravel ditch has a bottom width of 4 ft with a side slope of 3:1. The ditch was 

designed using a conservative estimate of 30% of the east ditch flow. The ditch is 166 ft in length. 

The ditch has an allowable flow depth of 3 ft (with an additional 1 ft freeboard). The design depth of 

flow is 1.25 ft. For the 25-year, 24-hour storm event, the peak discharge into the ditch is 42.38 cfs. 

See section 7.0.    

3.3  The highwall has a watershed area of 12.93 acres. The high wall area is made of rock. Existing 

highwall design drawings can be found in Attachment 5 (Reference 9.4). Portions of the highwall 

drain to the existing stormwater pond by means of an 18” culvert. The remaining highwall runoff goes 

to a drainage layer which is connected to the subsurface drainage layer of the landfill and then 

transmitted to the leachate collection system.  

3.4  There is an existing stormwater runoff pond and a stormwater runoff forebay (Attachment 6, 

Reference 9.4). This pond will receive runoff from the landfill to the north. The existing pond will 
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collect runoff from the landfill, gypsum reclaim areas, and parts of the western highwall. The east and 

west interceptor ditches flow into the forebay prior to discharging into the stormwater pond. Any 

stormwater that does not runoff to the existing stormwater pond then percolates through the waste 

and is finally treated in the leachate collection system. 

The stormwater pond was designed for the 100-year, 24-hour storm event with 1 foot of freeboard. 

The full volume of the stormwater pond is 24.25 acre-ft. The pond has two pumps that operate at 

different elevations. It takes approximately 71 hours to draw the pond down to elevation 1001 feet 

from the maximum water level for the 100-year, 24-hour storm event. The forebay was sized to 

provide a minimum volume of 3,600 cf/acre of tributary area. The full volume of the forebay pond is 

6.03 acre-ft. The primary pond and forebay are designed to accommodate the runoff flow from the 

100-year, 24-hour storm event. The east and west interceptor ditches that lead to the forebay and 

pond are sized to accommodate the 25-year, 24-hour storm event. The run-on and run-off of the 

landfill is managed through Cardinal’s NPDES Permit (0IB00009) in accordance with the Clean Water 

Act and 40 CFR 257.3-3.  

3.5  There is an existing leachate collection and treatment system. This features two 500,000-gallon 

settling tanks. Prior to being transported to the outfall, the leachate is decanted from the two settling 

tanks on site. Runoff from the active area is conveyed to the leachate collection system via vertical 

chimney drains and a system of transmission pipes. The holding capacity of the leachate storage 

pond is designed for a 30-day period of leachate volume. This system is monitored on a regular basis 

by the on-site landfill operator for Cardinal.  

4.0 ASSUMPTIONS 

 The n value for a gravel ditch is 0.03.  
 It is assumed that the maximum length of any sheet flow segment is 300 ft.  

5.0 METHODOLOGY 

The landfill is divided into 3 drainage areas as shown in Attachment 4. Region 1 is 

located on the northwest side of the landfill. It accounts for 5.25 acres of the drainage area. This 

area features sections with permanent and temporary coverage that drains north partly to outlet 2 

and partly sheet flowing to the north low point which later drains to outlet 3 as well as Blockhouse 

Run. 

Region 2 is located on the south side of the landfill. It accounts for 4.25 acres of the 

drainage area. Region 2 includes a small portion of the highwall, the area directly west of this 

area of highwall, a section of the landfill, and part of an existing ditch on site. The majority of this 
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area drains to the east interceptor ditch. A conservative estimate of 30% of the flow from the 

landfill is expected to flow to the west interceptor ditch.  

Region 3 is located on the middle and east side of the landfill. It accounts for 35.00 acres 

of the drainage area. Region 3 includes an existing low point on site, a section of the landfill, part 

of the highwall, and part of an existing ditch on site. This area drains to the existing low point on 

site which drains to Blockhouse Run.  

Each region’s time of concentration is calculated based on sheet flow, shallow 

concentrated flow, and channel flow. The time of concentration path can be found in Attachment 

4.  

6.0 ACCEPTANCE CRITERIA  

The hydrologic and hydraulic components of the Cardinal Power Plant will be considered 

acceptable if the existing drainage conveyance systems can handle the stormwater runoff for the 

25-year, 24-hour storm event without overtopping the discharge locations while maintaining at least 

1.00 ft of freeboard.  

7.0 CALCULATIONS AND RESULTS 

Time of Concentration Calculations 
The PondPack program was used to analyze the current stormwater system (Reference 9.5). The 

inputs for PondPack are the runoff curve number, drainage areas, time of concentration, rainfall depth, 

and rainfall distribution. The PondPack program outputs can be found in Attachment 7.  

For region 1,2, and 3, the first 300 feet of the flow path is analyzed as sheet flow. The sheet flow equation 

can be found in Equation 1. 

 

Equation 1: 

 hr 

 

 

Region 1: 

 hr = 0.16 hr = 9.60 min 

Region 2: 

 hr = 0.15 hr = 9.00 min 
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Region 3: 

 hr = 0.05 hr = 3.00 min 

 

Where:  

n = the roughness coefficient 

L = length of sheet flow in ft = 300 ft 

P = is the 2-year 24-hour rainfall in inches  

S = slope in ft/ft  

The shallow concentrated flow can be found in Equation 2. The equations for shallow 

concentrated flow and open channel flow are from the Ohio Department of Transportation 

(Reference 9.6).  

Equation 2: 

min 

Where:  

L = length of shallow concentrated flow in ft  

V =    

K = Surface cover coefficient = 20.32 for mostly impervious areas  

S = Slope  

Region 1: 

S = 20/280 = 0.07 

V =  = 5.37 

 = 1.00 min 

 

Region 2: 

S = 2/100= 0.02 

V =  = 2.87 

 = 0.87 min  
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Region 3: 

S = 33/2260 = 0.015 

V =  = 2.50 

= 15.06 min 

 

The remaining area for Region 2 is modeled as channel flow. The channel flow equation 

according to the Ohio Department of Transportation (Reference 9.6) is the same as Equation 2.  

Equation 2: 

min 

 

Where:  

L = length of shallow concentrated flow in ft  

V =    

K = Surface cover coefficient = 20.32 for mostly impervious areas  

S = Slope  

Region 2: 

S = 9/350 = 0.03 

V =  = 3.52 

 = 0.16 min  

 

 

The time of concentration for each region can be found below in Table 3. 
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Table 3: Time of Concentrations 

Region Time of Concentration (min) 

Region 1 10.60 (rounded to 10) 

Region 2 12.03 (rounded to 10) 

Region 3 18.06 (rounded to 15) 

 
 
The Pondpack results can be found in Table 4 for the 24-hour, 25-year storm event (Attachment 
7).  
 

Table 4: Pondpack Results 
 

Region Flow (cfs) 
Region 1 19.68 
Region 2 15.93 
Region 3 116.76 

 

East Interceptor Ditch 

 The Landfill primarily consists of areas of gypsum excavation and ash piles stockpiled filling in 

the excavated areas.  The excavation and movement of ash activities will be an ongoing process until the 

Landfill area is eventually closed. A CN value for ash will be used in the calculations.   

A = 40.00 AC (This area is based on the largest possible contributing watershed to the interceptor ditches 

from the landfill area.) 

CN =89 (This value is based on Cells 1 and 3 being primarily ash.)  
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Tc is calculated in Table 5.  

 
Table 5: Landfill Time of Concentration 

 
Landfill TOC 

Segment EL1 (ft) EL2 (ft) Length 
(ft) Slope n V (fps) Tc (min) Tc (hr) 

A 1115 1055 300 0.20 0.011 -  1.34 0.022 
B 1055 1051 40 0.10 - 6.43 0.10 0.002 
C 1051 1044 310 0.023 - 3.08 1.68 0.028 
D 1044 1038 290 0.021 - 2.95 1.64 0.027 
E 1038 1013 1330 0.019 - 2.81 7.91 0.132 

Time of Concentration 

Tc= Tsheet+T1+T2+T3+T4 = 1.34+0.1+1.68+1.64+7.91 = 12.67 min 

Bottom width = 6.00 ft  

East Interceptor Ditch slopes range from 3:1 to 4:1 in some areas on the northern slope.  We will 

conservatively assume that both north and south slopes are a 3:1 slope.  

Side slope (ss) = 3:1  

Upstream invert = 1013.00 ft  

Downstream invert = 1010.00 ft (Entrance to Forebay Pond) 

There is free outfall from the ditch to the pond therefore there is no tailwater condition. 

Length of ditch (L) = 617.00 ft   

Ditch slope 1013-1010=3/617=0.005 

Manning’s roughness coefficient (n) = 0.03 (Used for gravel ditch)  

Peak discharge into ditch = 141.27 cfs (25-year, 24-hour storm)  
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Sizing the East Interceptor Ditch 

Open Channel Flow: 

Check allowable flow at an arbitrary depth in the ditch  

d=2.60 ft (Chosen depth to confirm capacity check) 

L = 617.00 ft  

b=6.00 ft (bottom width) 

ss=0.33 (side slope) 

n= 0.03  

P=b+2*d*√(1+(1/ss)2) wetted perimeter 

P=22.40 ft  

A=(b+(1/ss)*d)*d area 

A= 35.90 sf  

R= A/P hydraulic radius 

R=1.60 ft       

EL change 1013 ft-1010 ft = 3.00 ft 

Channel Slope (S) 3/617 = 0.005 ft/ft 

V=(1.49/n)*R^2/3 * S^1/2 

V=4.80 ft/sec  

Q1= A*V = 35.90 sf *4.80 ft/sec =172.28 cfs     

Allowable Flow Q1=172.28 cfs (Flow in ditch at the assumed 2.60 foot depth check) 

Max depth allow = 3.00 feet (plus one foot freeboard for a total 4 feet) 

d=2.60 ft 

b=6 ft 

3

1
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d= 2.60 (Design height of ditch flow, is less than max depth allow) 

Q 1design = 141.27 cfs (25 year, 24-hour Design flow is less than allowable flow) 

West Interceptor Ditch Capacity  

To account for the worst case scenario, the West Ditch is assumed to receive 30% flow from the landfill 

area. Therefore, this is taken into consideration below for the flow calculation.  

Open Channel Flow: 

Check allowable flow at an arbitrary depth in the ditch  

d=1.22 ft (Chosen depth to confirm capacity check) 

L = 166.00 ft  

b=4.00 ft (bottom width) 

ss=0.33 (side slope) 

n= 0.03  

P=b+2*d*√(1+(1/ss)2) wetted perimeter 

P=12.00 ft  

A=(b+(1/ss)*d)*d area 

A= 9.73 sf  

R= A/P hydraulic radius 

R=.81 ft       

EL change 1025.4-1020.9=4.50 

Channel Slope (S) 4.5/166 = 0.027 ft/ft 

V=(1.49/n)*R^2/3 * S^1/2 

d=1.22 ft 

b=4 ft 3 

1
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V=7.09 ft/sec  

Q1= A*V=9.73 sf *7.09 ft/sec =59.55 cfs     

Allowable Flow Q1=69.00 cfs  

Flow (Q2) from West Interceptor Ditch = 30% (141.27) cfs  = 42.38 cfs 

 The downstream stormwater pipe discharging from the downstream end of the West has head 

water elevation of 1024.61 which can be used as the tailwater for the ditch.  This value is used to 

calculate the upstream headwater elevation of the West Interceptor Ditch which is calculated as elevation 

1026.96. The average slope, water level, and length of ditch are used to determine the water level 

upstream of the ditch. This calculation can be found in Attachment 8.0. 

8.0 CONCLUSION 

The calculations shown above demonstrate that the expected flow does not exceed the allowable 

flow for the west and east interceptor ditches for the 25-year, 24-hour storm event which meets 

CCR Rule Operating Criteria 257.81. 

9.0 REFERENCES 

9.1 CCR Rule Operating Criteria §257.81 Hydrologic and Hydraulic Capacity, Run-on and Run-off 
Controls for CCR Landfills, United States Environmental Protection Agency. 
 
9.2. Technical Release No. 55 (TR 55), “Urban Hydrology for Small Watersheds” by U.S. 
Department of Agriculture, Washington, D.C. 1986. 
 
9.3 Natural Resources Conservation Service (NRCS), Custom Web Soil Survey Map.  

 
9.4 Site Design Drawing: 
       Landfill Stormwater Runoff Pond Discharge Piping Route, 301033, Rev. 3 
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9.6 1100 – Drainage Design Procedures, Ohio Department of Transportation, January 16, 2026.  
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NOAA Atlas 14, Volume 2, Version 3
Location name: Brilliant, Ohio, USA*

Latitude: 40.2528°, Longitude: -80.6523°
Elevation: 727 ft**

* source: ESRI Maps
** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

G.M. Bonnin, D. Martin, B. Lin, T. Parzybok, M.Yekta, and D. Riley

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.320
(0.284‑0.363)

0.382
(0.339‑0.434)

0.463
(0.410‑0.524)

0.524
(0.462‑0.592)

0.603
(0.531‑0.681)

0.663
(0.582‑0.747)

0.720
(0.629‑0.811)

0.779
(0.679‑0.878)

0.858
(0.743‑0.965)

0.915
(0.789‑1.03)

10-min 0.497
(0.441‑0.564)

0.597
(0.529‑0.677)

0.719
(0.637‑0.814)

0.808
(0.714‑0.914)

0.922
(0.812‑1.04)

1.00
(0.882‑1.13)

1.08
(0.947‑1.22)

1.16
(1.01‑1.31)

1.26
(1.09‑1.42)

1.33
(1.15‑1.50)

15-min 0.610
(0.540‑0.691)

0.730
(0.647‑0.828)

0.883
(0.782‑1.00)

0.994
(0.878‑1.12)

1.14
(1.00‑1.29)

1.24
(1.09‑1.40)

1.35
(1.18‑1.52)

1.45
(1.26‑1.63)

1.57
(1.36‑1.77)

1.67
(1.44‑1.87)

30-min 0.807
(0.715‑0.914)

0.977
(0.866‑1.11)

1.21
(1.07‑1.37)

1.38
(1.22‑1.56)

1.61
(1.42‑1.82)

1.78
(1.56‑2.00)

1.94
(1.70‑2.19)

2.11
(1.84‑2.38)

2.33
(2.02‑2.62)

2.50
(2.15‑2.81)

60-min 0.985
(0.873‑1.12)

1.20
(1.06‑1.36)

1.52
(1.34‑1.72)

1.76
(1.55‑1.99)

2.08
(1.84‑2.36)

2.34
(2.06‑2.64)

2.60
(2.27‑2.93)

2.86
(2.50‑3.23)

3.23
(2.79‑3.63)

3.51
(3.02‑3.94)

2-hr 1.13
(0.995‑1.30)

1.37
(1.21‑1.58)

1.74
(1.52‑1.99)

2.02
(1.77‑2.31)

2.41
(2.10‑2.75)

2.72
(2.37‑3.10)

3.05
(2.64‑3.46)

3.38
(2.92‑3.84)

3.84
(3.29‑4.36)

4.21
(3.58‑4.78)

3-hr 1.20
(1.07‑1.40)

1.46
(1.29‑1.69)

1.84
(1.63‑2.13)

2.14
(1.88‑2.47)

2.56
(2.25‑2.95)

2.90
(2.54‑3.33)

3.25
(2.83‑3.73)

3.62
(3.13‑4.15)

4.14
(3.55‑4.74)

4.55
(3.88‑5.21)

6-hr 1.44
(1.28‑1.64)

1.73
(1.54‑1.97)

2.16
(1.93‑2.46)

2.52
(2.24‑2.86)

3.02
(2.67‑3.42)

3.42
(3.01‑3.87)

3.85
(3.37‑4.34)

4.31
(3.75‑4.85)

4.95
(4.26‑5.56)

5.47
(4.67‑6.13)

12-hr 1.70
(1.53‑1.90)

2.03
(1.83‑2.27)

2.52
(2.26‑2.81)

2.91
(2.61‑3.24)

3.49
(3.11‑3.86)

3.96
(3.52‑4.37)

4.46
(3.94‑4.91)

5.00
(4.38‑5.49)

5.77
(5.01‑6.32)

6.40
(5.51‑6.97)

24-hr 2.01
(1.88‑2.18)

2.41
(2.24‑2.60)

2.94
(2.74‑3.18)

3.38
(3.14‑3.64)

4.00
(3.70‑4.30)

4.50
(4.15‑4.83)

5.03
(4.62‑5.39)

5.58
(5.10‑5.97)

6.36
(5.77‑6.79)

6.98
(6.30‑7.44)

2-day 2.36
(2.21‑2.54)

2.82
(2.63‑3.03)

3.41
(3.19‑3.67)

3.90
(3.63‑4.18)

4.56
(4.24‑4.89)

5.10
(4.73‑5.46)

5.66
(5.22‑6.05)

6.24
(5.73‑6.65)

7.03
(6.42‑7.49)

7.65
(6.95‑8.15)

3-day 2.53
(2.38‑2.71)

3.01
(2.83‑3.22)

3.62
(3.40‑3.87)

4.12
(3.86‑4.40)

4.80
(4.49‑5.12)

5.35
(4.98‑5.70)

5.92
(5.49‑6.30)

6.49
(6.00‑6.90)

7.29
(6.69‑7.74)

7.91
(7.22‑8.40)

4-day 2.70
(2.55‑2.87)

3.20
(3.02‑3.41)

3.84
(3.61‑4.08)

4.35
(4.09‑4.62)

5.05
(4.73‑5.36)

5.60
(5.24‑5.95)

6.17
(5.75‑6.55)

6.75
(6.27‑7.16)

7.54
(6.96‑7.99)

8.16
(7.49‑8.66)

7-day 3.24
(3.07‑3.43)

3.84
(3.63‑4.06)

4.55
(4.30‑4.82)

5.11
(4.83‑5.40)

5.88
(5.54‑6.21)

6.47
(6.08‑6.84)

7.08
(6.64‑7.48)

7.69
(7.18‑8.12)

8.50
(7.90‑8.98)

9.12
(8.44‑9.64)

10-day 3.74
(3.55‑3.94)

4.40
(4.18‑4.66)

5.17
(4.91‑5.46)

5.77
(5.48‑6.09)

6.58
(6.23‑6.94)

7.21
(6.81‑7.60)

7.83
(7.38‑8.26)

8.46
(7.95‑8.92)

9.27
(8.67‑9.78)

9.89
(9.21‑10.4)

20-day 5.24
(4.99‑5.50)

6.15
(5.86‑6.48)

7.12
(6.78‑7.49)

7.88
(7.50‑8.28)

8.88
(8.43‑9.32)

9.63
(9.14‑10.1)

10.4
(9.81‑10.9)

11.1
(10.5‑11.6)

12.0
(11.3‑12.6)

12.7
(11.9‑13.4)

30-day 6.57
(6.26‑6.92)

7.69
(7.32‑8.11)

8.82
(8.40‑9.29)

9.71
(9.23‑10.2)

10.9
(10.3‑11.4)

11.7
(11.1‑12.3)

12.6
(11.9‑13.2)

13.4
(12.6‑14.1)

14.4
(13.6‑15.2)

15.2
(14.2‑16.0)

45-day 8.41
(8.03‑8.80)

9.80
(9.37‑10.3)

11.1
(10.6‑11.6)

12.1
(11.6‑12.7)

13.4
(12.8‑14.0)

14.3
(13.7‑15.0)

15.2
(14.5‑15.9)

16.1
(15.3‑16.8)

17.1
(16.2‑18.0)

17.8
(16.9‑18.7)

60-day 10.1
(9.72‑10.6)

11.8
(11.3‑12.3)

13.2
(12.7‑13.8)

14.3
(13.7‑15.0)

15.7
(15.1‑16.4)

16.7
(16.0‑17.5)

17.7
(16.9‑18.4)

18.5
(17.7‑19.3)

19.6
(18.6‑20.4)

20.3
(19.3‑21.2)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Large scale terrain
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Scenario Calculation Summary

Scenario Summary

1ID
BaseLabel

Notes
Base Active TopologyActive Topology
Base HydrologyHydrology
Base Rainfall RunoffRainfall Runoff
Base PhysicalPhysical
Base Initial ConditionInitial Condition
Base Boundary ConditionBoundary Condition
Base Infiltration and InflowInfiltration and Inflow
Base OutputOutput
Base User Data ExtensionsUser Data Extensions
Base Calculation OptionsPondPack Engine Calculation Options

Output Summary

hours0.050Output Increment hours24.000Duration

Rainfall Summary

25Return Event Tag Time-Depth
CurveRainfall Type

in4.0Total Depth 25 YEAR 24
HOURStorm Event

Executive Summary (Nodes)

Maximum
Pond

Storage
(ac-ft)

Maximum
Water

Surface
Elevation

(ft)

Peak Flow
(ft³/s)

Time to
Peak

(hours)

Hydrograph
Volume
(ac-ft)

TruncationReturn
Event

(years)

ScenarioLabel

(N/A)(N/A)7.4912.0000.470None25BaseCM-1
(N/A)(N/A)16.8512.0001.057None25BaseCM-2
(N/A)(N/A)128.4412.0509.031None25BaseCM-3
(N/A)(N/A)7.4912.0000.470None25BaseO-1
(N/A)(N/A)16.8512.0001.057None25BaseO-2
(N/A)(N/A)128.4412.0509.031None25BaseO-3

Executive Summary (Links)

Node Flow
Direction

End PointPeak Flow
(ft³/s)

Peak Time
(hours)

Hydrograph
Volume
(ac-ft)

LocationTypeLabel

Messages

Page 1 of 227 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA  +1-203-755-1666

6/3/2026

PondPack CONNECT Edition
[10.02.00.01]

Bentley Systems, Inc.  Haestad Methods Solution
CenterCardinal H&H.ppc
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Scenario Calculation Summary

Messages

WarningSource

The difference between calculated peak flow and interpolated peak flow 1.7 % is greater than
1.5 %.  Computed peak flow= 7.62 ft³/s Interp. peak flow= 7.49 ft³/s.  Output increment for
this catchment may be too large.

Message
(N/A)Time
CM-1Label
15Element Id
CatchmentElement Type
BaseScenario
7Message Id

WarningSource

The difference between calculated peak flow and interpolated peak flow 1.7 % is greater than
1.5 %.  Computed peak flow= 17.15 ft³/s Interp. peak flow= 16.85 ft³/s.  Output increment for
this catchment may be too large.

Message
(N/A)Time
CM-2Label
16Element Id
CatchmentElement Type
BaseScenario
7Message Id
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Watertown, CT 06795 USA  +1-203-755-1666
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Description Variable Unit

Ditch west

Weighted runoff coefficient 

Design Discharge Upstream Qu 46.26 cfs

Design Discharge Downstream Qd 46.26 cfs

Downstream Control CD HW-1

Downstream Water level Wd 1024.61 ft

Ditch Computations:

Bottom width B 4.00 ft

Side slope Ss 3.00 ft

Downstream Invert Ed 1020.90 ft

Upstream Invert Eu 1025.95 ft

Length L 166.00 ft

Longitudinal slope S = (Eu-Ed)/L S 0.03042 ft/ft

Manning's n n 0.030

Downstream Computation

Design discharge downstream Qd 46.26 cfs

Water Level Wd 1024.61 ft

Flow depth Dd = Wd - Ed Dd 3.71 ft

Flow Area A s= (B+Ss x Dd) X Dd Ad 56.13 ft2

Flow velocity Vd = Qd/Ad Vd 0.82 ft/sec

Flow perimeter Pd = B + 2 x  (1+Ss2 )0.5 x Dd Pd 27.46 ft

Hydraulic Radius Rs = Ad/Pd Rd 2.04 ft

Full flow velocity using bed slope Vf 13.95 ft/sec

Water surface slope Sd = n2Vd2 / (Rd4/3 x 1.492) Sd 0.00011 ft/ft

Upstream Computation

Design discharge downstream Qu 46.26 cfs

Assumed Water Level Wu 1026.96 ft

Flow depth Du = Wu-Eu Du 1.01 ft

Flow Area A u= (B+Ss x Du) X Du Au 7.10 ft2

Flow velocity Vu = Qu/Au Vu 6.52 ft/sec

Flow perimeter Pu = B + 2 x  (1+Ss2 )0.5 x D u Pu 10.39 ft

Hydraulic Radius Ru = Au/Pu Ru 0.68 ft

Water surface slope Su = n2Vu2 / (Ru4/3 x 1.492) Su 0.028580 ft/ft

Average Slope Sa = (Su +Sd)/2 Sa 0.014343 ft/ft

Computed water level upstream Wuc 1026.99 ft

Difference D = Wuc - Wu; Revise Wu to get this value close to 
zero D 0.03 ft

Travel time (based on avg. velocity) T 0.75 min

Top of Road at upstream Tu NA ft

Water Level Computation 

Project No.:13770-015
CAR-LAN-C-001 Rev. 2
Attachment 10.2
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