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Executive Summary
The A.B. Brown Generating Station Type III Restricted Waste Landfill located at 8511 Welborn Road
in Mount Vernon, IN 47620, received its initial Solid Waste Land Disposal Facility Permit from Indiana
Department of Environmental Management (IDEM) in 1979 and an expansion permit in 1992. The
IDEM-approved plans for this facility include a number of erosion control and run-off measures
designed to contain stormwater flow from both interim and final cover conditions of the landfill.
Additional grading measures and perimeter features prevent run-on flow from entering the site.
The CCR Rule requires that all stormwater drainage structures, including channels, culverts, and pipe
systems be designed to convey at least the 25-year, 24-hour storm event. This report documents that
the engineering structures for run-off and run-on control have been sized appropriately to meet this
condition.
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Run-On and Run-Off Control System Plan
ATC Project No. 170LF00271

Introduction

This Run-On and Run-Off Control System (ROROCS) Plan was prepared for the existing A.B. Brown
Generating Station Type III Restricted Waste Landfill (Fig. 1) in accordance with 40 CFR 257.81 (Runon and run-off controls for CCR landfills). This ROROCS Plan documents that the facility control
systems have been designed and constructed to meet the CCR rule following specified engineering
calculations for the 24-hour, 25-year design storm. This ROROCS Plan will be placed in the facility’s
operating record as required by 40 CFR 257.105(g)(3).

2

Regulatory Requirements

2.1

Federal CCR Rule

As required by 40 CFR 257.81, the owner or operator of a coal combustion residuals (CCR) landfill
must design, construct, operate, and maintain:
1. A run-on control system to prevent flow onto the active portion of the CCR unit during the
peak discharge from a 24-hour, 25-year storm; and
2. A run-off control system from the active portion of the CCR unit to collect and control at
least the water volume resulting from a 24-hour, 25-year storm.
Additional requirements of the CCR Rule state that the ROROCS Plan must be updated and
submitted once every five years as long as the landfill continues to be active.
The original permit and subsequent minor modification applications reviewed and approved by IDEM
include sedimentation and erosion control systems that meet these requirements.

2.2

Preamble to the Federal CCR Rule

The preamble to the federal CCR Rule provides additional description regarding the intent of the
requirements. Regarding run-off control, the following quotation from the preamble is relevant.
The owner or operator must design, construct, operate, and maintain the CCR landfill
in such a way that any runoff generated from at least a 24-hour, 25-year storm must
be collected through hydraulic structures, such as drainage ditches, toe drains,
swales, or other means, and controlled so as to not adversely affect the condition of
the CCR landfill. EPA has promulgated these requirements to minimize the detention
time of run-off on the CCR landfill and minimize infiltration into the CCR landfill, to
dissipate storm water run-off velocity, and to minimize erosion of CCR landfill slopes.
An additional concern with run-off from CCR landfills is the water quality of the run-off,
which may collect suspended solids from the landfill slopes.

October 12, 2016

ATC Group Services LLC

1

A.B. Brown Type III Restricted Waste Landfill
Mount Vernon, Indiana

Run-On and Run-Off Control System Plan
ATC Project No. 170LF00271

A description of the run-on and run-off control systems is included in the following sections of this
report.

3

Design Methodology

3.1

Design Storm

The 24-hour, 25-year design storm is the mandatory protection standard for run-on and run-off control
systems. The A.B. Brown Landfill was designed to handle run-off flow from this event. The 25-year
design storm was derived from the National Oceanic and Atmospheric Administration (NOAA) TP 40
data for Posey County, Indiana. The storm generates 5.4 inches of precipitation for this location. The
rainfall hyetograph for this storm event is included in Appendix A. All run-on and run-off control
systems were designed for this capacity.

3.2

Rainfall Abstractions

Losses in rainfall volume are accounted for in abstractions (losses). The SCS Method was applied to
calculate the correct curve number for the land use and soil types of the site. This curve number was
then applied to calculate the losses and the actual runoff. SCS equations are below:
S = 1000/CN − 10

[Equation 1]

Ia = 0.2*S

[Equation 2]

Where:
S = potential maximum retention after runoff begins (in.);
CN = curve number; and
Ia = initial abstraction (in.)
The initial abstraction is a function of the land use conditions as represented by the composite curve
number for the tributary drainage area. For example, the initial abstraction for run-off from CCR
material having a curve number of 79 is calculated as follows:
Ia = 200/79 -2 = 0.53 inches

3.3

Runoff and Routing Methodology

Both the SEDCAD 4 and HydroCAD programs were used to generate the flow velocities and flow
depths for each of the run-on / run-off control measures. The SEDCAD4 Model was developed by
Civil Software Design & Warner of the University of Kentucky, and emulates the NRCS TR55 Model.
The SEDCAD4 program was used for designing runoff control measures of the western half of the
landfill in the 2007 IDEM Minor Modification Permit Application.

October 12, 2016

ATC Group Services LLC

3

A.B. Brown Type III Restricted Waste Landfill
Mount Vernon, Indiana

Run-On and Run-Off Control System Plan
ATC Project No. 170LF00271

The HydroCAD model was developed by HydroCAD Software Solutions LLC and was used for
designing runoff control measures of the eastern half of the landfill in the 2012 IDEM Minor
Modification Permit Application.
The routing calculations from both programs used SCS Curve Number method. All erosion control
measures were linked to drainage channels and reservoir areas using the modelling programs. The
routing flow paths are included with the modelling results in Appendix B and Appendix C.

4

Run-On Control

4.1

Topography

The site of the A.B. Brown Landfill is located north of the Ohio River and west of Bayou Creek. The
surrounding area is mostly flat and the landfill is the highest feature in this area. The landfill is
protected from run-on flow by Franklin Road to the west, Welborn Road to the east, and also by
natural drainage relief around the landfill perimeter.

4.2

Perimeter Roadway

The landfill area is bounded by Welborn Road to the east and an access road for the generating
station to the south. West Franklin Road is also present approximately 1,000 feet west of the landfill.
The roadway embankment heights generally vary between 3 and 5 feet above natural grade
preventing run-on flow to the landfill area (see Appendix B). Furthermore the minimum road grade
sits well above the 100-year backwater elevation of the Ohio River, ensuring insulation of the A.B.
Brown Landfill during the Interim and Final Cover conditions

5

Run-Off Control

5.1

Erosion Control Measures

A series of diversion berms and slope terraces have been constructed on the landfill to direct run-off
flow through the conveyance system. These berms prevent disturbance of the CCR materials during
the design storm event. All berms typically have 2H:1V to 3H:1V sideslopes with seeding and erosion
control mats as needed. Berm height is 2 feet which adequately protects from the approximately 1foot calculated flow depth of the design storm.

5.2

Flow Conveyance and Capture Measures

Flow from diversion berms is directed into riprapped downchutes or pipe downdrains which discharge
into the perimeter ditch system at various locations. The encircling landfill perimeter ditch system is
divided into two reaches beginning at a high ground split point on the south side of the landfill. The
first reach flows clockwise from the split until flow reaches the Landfill Settling Basin. The Landfill
Settling Basin outlets to the Capital Pond through a gravity-fed barrel culvert. Both the Landfill
Settling Basin and Capital Pond direct flow to the NPDES outfall area.
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The second ditch reach flows counter-clockwise from the south split wrapping around the eastern and
northern perimeters before routing to the Stormwater Surge Basin at the northwest corner of the
landfill. The Stormwater Surge Basin, built from a former borrow area, captures water coming from
partially closed and covered portions of the landfill. The Stormwater Surge Basin, Capital Pond and
Landfill Settling Basin together have enough storage to handle the 25-year, 24-hour design storm
runoff from the entire A.B. Brown Landfill Solid Waste Boundary area during both Interim and Final
Cover Conditions.

6

Conclusions

As required by 40 CFR 257.81, the A.B. Brown Landfill run-on control system is designed to prevent
flow onto the active portion of the CCR unit during the peak discharge from a 24-hour, 25-year storm,
and the A.B. Brown Landfill run-off control system is designed to collect and control at least the water
volume resulting from a 24-hour, 25-year storm.
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FLOW CONTROL STRUCTURE CONVEYANCE TABLE
FLOW CONTROL STRUCTURE

FLOW TYPE CONVEYED

Perimeter Channels

Run-On & Run-Off

Downdrains (Inlet & Pipe)

Run-Off

Erosion Control Berms

Run-Off

Outlets to Retention Pond

Run-On & Run-Off

Retention Ponds

Run-On & Run-Off

Run-On and Run-Off Producing Zones
Stormwater Surge Basin

Capital Pond

Landfill Settling Basin
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Run Off Zone
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Calculations for Run-On Control System

Section 1:

Run-On Control System Summary

OBJECTIVE:
The objective of this calculation is to demonstrate that the perimeter stormwater controls for the
A.B. Brown Type III Restricted Waste Landfill have capacity to control run-on flow from the 24hour, 25-year storm. According to EPA, run-on is defined as
“…Any liquid that drains over land onto any part of a CCR landfill or any lateral expansion of a
CCR landfill. In surface water hydrology, run-on is a quantity of surface run-off, or excess rain,
snowmelt, or other sources of water, which flows from an upstream catchment area onto a
specific downstream location.”
Although perimeter ditches and retention pond systems handle both run-on and run-off flow, the
hydraulic capacities of these structures will be evaluated under this run-on section since the
structures are located in the run-on producing zone of the landfill and adjoining area.
METHOD:
The capacity of the perimeter stormwater controls will be evaluated using the SCS method and
Manning’s equation. For this design the 25-year design storm [Ref. 4] will be used which
exceeds the minimum standards.
DEFINITION OF VARIABLES:
A = area;
b = bottom width of flow through channel;
d = flow depth through channel;
CN = curve number;
D = channel depth;
i = rainfall depth;
n = Manning’s roughness coefficient for flow through channel;
Q = discharge flow;
S = longitudinal slope of the channel flow;
T = top width of flow through channel;
V = velocity of flow through channel; and
Z = channel side slope.
CALCULATIONS:
1.0

Perimeter Road

Drainage from the encompassing watershed of the landfill flows in the southwest direction. The
natural gradient of the watershed is high on the northeast side of the landfill to low on the
northwest side of the landfill where flow joins the unnamed tributary to the Ohio River (see
USGS Streamstats watershed maps [Ref. 2]).
Run-on flow divides around the landfill as it reaches the perimeter road embankment of Welborn
Road at the eastern edge of the solid waste boundary. This road prevents run-on stormwater
from reaching the final closure landfill area. The design of the perimeter haul road system
allows for insular protection of the landfill because the road grade is 3-5 feet above natural
ground which is greater than the depth of overland flow. The embankment of the haul road, in
addition to the final cover grade, together act as an effective means to divert run-on flow from
the outside subbasin areas.

The 100-year flood backwater elevation of the nearby Ohio River is approximately 373.5’ NAVD
[Ref. 5]. By comparison the lowest grade of the perimeter road system is 408 feet (Fig. 1). This
indicates that in addition to protection from the upstream catchment run-on flow, the final cover
area would also be protected from backwater of the Ohio River.
Figure 1 – Perimeter Road Profile
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2.0

Perimeter Stormwater Channels

Two joining reaches of a perimeter ditch system are located outside the base of the A.B. Brown
Type III Restricted Waste Landfill. The first reach of the perimeter ditch begins at the southern
end of the landfill and conveys stormwater in a clockwise direction to the lined Landfill Settling
Basin at the southwest corner of the landfill.
The second perimeter ditch reach conveys flow in a counterclockwise direction to the northwest
corner of the landfill through a former borrow area that was converted to the Stormwater Surge
Basin. The Stormwater Surge Basin ranges in depth from five (5) to eight (8) feet and covers an
area of approximately five (5) acres.
Design criteria for the perimeter ditch channels were evaluated by first estimating the peak flow
to the channels using the SCS method [Ref. 3], and then evaluating the channel capacity using
Manning’s equation. The channels were designed for capacity of the 24-hour, 25-year storm.

2.1 Channel peak flow rates
The landfill perimeter and final cover were both assumed to contribute flow to the channel
reaches. The time of concentration for the storm water runoff was calculated as the cumulative
sum of upstream contributing berm and downdrain subwatersheds. Peak flow rates to the
channels were estimated using the 2007 SEDCAD4 model [Ref. 1] and are summarized in the
following table:
Table 1: Channel Peak Flow Rate
Rainfall
SEDCAD
Channel
Reach

Contribution of Flow from Landfill (Run-Off)
Curve
Peak
Land
Drainage
Number
Runoff
Use
Area {A}
{CN}
{Q}
(ac.)
(cfs)

Design Storm
Event
(years)

Rainfall
24-Hour
{i}
(in.)

#12

25

5.4

Vegetated

78

#20

25

5.4

Vegetated

78

2.8

8.9

#21

25

5.4

Vegetated

78

18.9

52.2

#22

25

5.4

Vegetated

78

41.5

113.0

#28

25

5.4

Vegetated

78

50

80.6

#29

25

5.4

Vegetated

78

60.3

85.9

#30

25

5.4

Vegetated

78

204.3

342.7

#31

25

5.4

Vegetated

78

64.4

182.0

221.2

353.0

2.2 Channel Capacity
The stormwater perimeter channels consist of trapezoidal channels with dimensions presented
in the following table:
Table 3: Channel Dimensions
SEDCAD
ID

#12

Bottom
Width {b}

Depth
{D}

(ft)

(ft)

12

4

Left Side
Slope {Z1 H:V}

Right Side
Slope {Z2 H:V}

3

3

Top
Width {T}

Approximate Longitudinal
Slope {S}

(ft)

(ft/ft)

36

0.007

#20

12

4

3

3

36

0.020

#21

12

4

3

3

36

0.033

#22

12

4

3

3

36

0.019

#28

12

4

3

3

36

0.020

#29

12

4

3

3

36

0.067

#30

12

4

3

3

36

0.007

#31

12

4

3

3

36

0.013

The capacity of both ditches was evaluated using Manning’s equations as presented in the
following equations:
V = 1.49/n R 2/3 S ½
Q = VA

The flow cross-section area “A” and wetted perimeter “P” were calculated based on the
geometry of a trapezoidal channel with a flow depth “d”, bottom width “b”, left side slope “Z1”,
and right side slope “Z2”, using the following relationships:
A = b*d + 0.5*Z1*d2 + 0.5*Z2*d2
P = b + sqrt[(Z1*d)2 + d2] + sqrt[{Z2*d)2 + d2]
The channel was assumed to have grass lining and flow capacity was evaluated for the design
slope condition subject to the 25-year, 24-hour design storm event. Channel capacity
calculated for the selected grade and runoff is shown in the following tables:
Table 4: Channel Capacity for Perimeter Ditch Reaches Flowing Clockwise
SEDCAD

Storm

Channel

Manning's

Flow

Flow

ID

Recurrence

Lining

n

Depth

Area

Velocity

Channel

Peak

Channel

Capacity

Runoff

Capacity

Interval

Freeboard

> Peak
{n}

(years)

{d}

{A}

{V}

{Q}

{Q}

(ft.)

(ft2)

(ft/s)

(cfs)

(cfs)

Runoff?
(in.)

#20

25

Grass

0.0680

0.41

5.50

1.6

557.2

8.9

YES

43.1

#21

25

Grass

0.0517

0.70

16.52

3.2

941.4

52.2

YES

39.6

#22

25

Grass

0.0373

0.99

22.66

5.0

990.0

113.0

YES

36.1

#31

25

Grass

0.0340

1.35

34.20

5.3

898.4

182.0

YES

31.8

Table 5: Channel Capacity for Perimeter Ditch Reaches Flowing Counter-Clockwise
SEDCAD

Storm

Channel

Manning's

Flow

Flow

ID

Recurrence

Lining

n

Depth

Area

Velocity

Channel

Peak

Channel

Capacity

Runoff

Capacity

Interval

Freeboard

> Peak
{n}

(years)

{d}

{A}

{V}

{Q}

{Q}

(ft.)

(ft2)

(ft/s)

(cfs)

(cfs)

Runoff?
(in.)

#28

25

Grass

0.0354

1.66

14.36

5.6

1070.3

80.6

YES

28.1

#29

25

Grass

0.0440

1.58

10.62

8.1

1576.0

85.9

YES

29.0

#30

25

Grass

0.0284

2.51

55.16

6.2

789.3

342.7

YES

17.9

#12

25

Grass

0.0270

2.60

51.54

6.9

830.2

353.0

YES

16.8

Modeling results show that the perimeter ditches have enough capacity to meet the design
storm with considerable freeboard leftover.

3.0

Ponds

Run-on and run-off flow from the perimeter ditch system is routed to three (3) different basins.
The ditch reaches which flow counterclockwise route to the Stormwater Surge Basin at the
northwest corner of the landfill. The Stormwater Surge Basin occupies an area of approximately
5 acres in size. The Stormwater Surge Basin handles only non-contact water. This energy
dissipating area allows for sedimentation to occur before eventual discharge to an NPDES
outfall area.
Ditch reaches which flow clockwise route to the Landfill Settling Basin at the southwest corner of
the landfill. According to 2015 construction plans submitted as part of the Storm Water Pollution
Prevention Plan (SWP3), the marked (Normal) ‘Pool Elevation’ is 397.5’ leaving 3.5 feet of
available storage during typical operating conditions. This storage sedimentation space is used
for treatment of contact waters produced from the active cell portions of the landfill. A pipe
connecting the Landfill Settling Basin to the Capital Pond has an upstream invert (overflow)
elevation of 400.0’ allowing for additional storage before treatment occurs at the treatment
facility of the generating station.
Combined storage available in the Stormwater Surge Basin, Landfill Settling Basin, and Capital
Pond is sufficient to handle the 25-year storm volume from the landfill and adjacent contributing
areas.
DISCUSSION:
The perimeter stormwater controls for the A.B. Brown Type III Restricted Waste Landfill have
capacity to control both run-on and non-contact water run-off for the 24-hour, 25-year storm.
REFERENCES:
1. SEDCAD 4 by Civil Software Design, LLC.
2. StreamStats in Indiana. U.S. Geological Survey. <http://streamstats.usgs.gov/>.
3. United States Department of Agriculture, “Urban Hydrology for Small Watersheds”,
Technical Release 55, June 1986.
4. Hershfield, David M., “Technical Paper No. 40 Rainfall Frequency Atlas of the United States
for Durations from 30 Minutes to 24 Hours and Return Periods from 1 to 100 Years”, NOAA
National Weather Service, obtained January 14, 2005.
5. Indiana Floodplain Information Portal (INFIP). <http://dnrmaps.dnr.in.gov/appsphp/fdms/>.
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REFERENCE NO.
1
2
3
4
5

DESCRIPTION
SEDCAD 4
USGS Streamstats – Drainage Areas
USDA TR-55
NOAA Technical Paper No. 40
INFIP Report

Reference 1:

SEDCAD 4

[See Appendix C – Section 3, Reference 1 for Combined RunOn and Run-Off Modeling Results]

Reference 2:

USGS Streamstats – Drainage Areas

Reference 3:

USDA TR-55

United States
Department of
Agriculture
Natural
Resources
Conservation
Service
Conservation
Engineering
Division
Technical
Release 55
June 1986

Urban Hydrology
for Small
Watersheds
TR-55

Chapter 2

Chapter 2

Estimating Runoff
Estimating
Runoff

SCS runoff curve number method
The SCS Runoff Curve Number (CN) method is described in detail in NEH-4 (SCS 1985). The SCS runoff
equation is
Q=

( P − Ia ) 2
( P − Ia ) + S

[eq. 2-1]

where
Q
P
S
Ia

= runoff (in)
= rainfall (in)
= potential maximum retention after runoff
begins (in) and
= initial abstraction (in)

Initial abstraction (Ia) is all losses before runoff
begins. It includes water retained in surface depressions, water intercepted by vegetation, evaporation,
and infiltration. Ia is highly variable but generally is
correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, Ia was
found to be approximated by the following empirical
equation:
[eq. 2-2]
Ia = 0.2S
By removing Ia as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives:
Q=

( P − 0.2S ) 2
( P + 0.8S )

[eq. 2-3]

S is related to the soil and cover conditions of the
watershed through the CN. CN has a range of 0 to 100,
and S is related to CN by:
S=

1000
− 10
CN

[eq. 2-4]

Figure 2-1 and table 2-1 solve equations 2-3 and 2-4
for a range of CN’s and rainfall.

Technical Release 55
Urban Hydrology for Small Watersheds

Factors considered in determining runoff curve numbers
The major factors that determine CN are the hydrologic soil group (HSG), cover type, treatment, hydrologic condition, and antecedent runoff condition
(ARC). Another factor considered is whether impervious areas outlet directly to the drainage system (connected) or whether the flow spreads over pervious
areas before entering the drainage system (unconnected). Figure 2-2 is provided to aid in selecting the
appropriate figure or table for determining curve
numbers.
CN’s in table 2-2 (a to d) represent average antecedent
runoff condition for urban, cultivated agricultural,
other agricultural, and arid and semiarid rangeland
uses. Table 2-2 assumes impervious areas are directly
connected. The following sections explain how to
determine CN’s and how to modify them for urban
conditions.

Hydrologic soil groups
Infiltration rates of soils vary widely and are affected
by subsurface permeability as well as surface intake
rates. Soils are classified into four HSG’s (A, B, C, and
D) according to their minimum infiltration rate, which
is obtained for bare soil after prolonged wetting.
Appendix A defines the four groups and provides a list
of most of the soils in the United States and their
group classification. The soils in the area of interest
may be identified from a soil survey report, which can
be obtained from local SCS offices or soil and water
conservation district offices.
Most urban areas are only partially covered by impervious surfaces: the soil remains an important factor in
runoff estimates. Urbanization has a greater effect on
runoff in watersheds with soils having high infiltration
rates (sands and gravels) than in watersheds predominantly of silts and clays, which generally have low
infiltration rates.
Any disturbance of a soil profile can significantly
change its infiltration characteristics. With urbanization, native soil profiles may be mixed or removed or
fill material from other areas may be introduced.
Therefore, a method based on soil texture is given in
appendix A for determining the HSG classification for
disturbed soils.

(210-VI-TR-55, Second Ed., June 1986)

2–1

Chapter 3

Time of Concentration and Travel Time

Manning’s equation is:
V=

2 1
1.49r 3 s 2

[eq. 3-4]

n

where:
V = average velocity (ft/s)
r = hydraulic radius (ft) and is equal to a/pw
a = cross sectional flow area (ft2)
pw = wetted perimeter (ft)
s = slope of the hydraulic grade line (channel
slope, ft/ft)
n = Manning’s roughness coefficient for open
channel flow.
Manning’s n values for open channel flow can be
obtained from standard textbooks such as Chow
(1959) or Linsley et al. (1982). After average velocity is
computed using equation 3-4, Tt for the channel segment can be estimated using equation 3-1.

Reservoirs or lakes
Sometimes it is necessary to estimate the velocity of
flow through a reservoir or lake at the outlet of a
watershed. This travel time is normally very small and
can be assumed as zero.

Technical Release 55
Urban Hydrology for Small Watersheds

• A culvert or bridge can act as a reservoir outlet if
there is significant storage behind it. The procedures in TR-55 can be used to determine the peak
flow upstream of the culvert. Detailed storage
routing procedures should be used to determine
the outflow through the culvert.

Example 3-1
The sketch below shows a watershed in Dyer County,
northwestern Tennessee. The problem is to compute
Tc at the outlet of the watershed (point D). The 2-year
24-hour rainfall depth is 3.6 inches. All three types of
flow occur from the hydraulically most distant point
(A) to the point of interest (D). To compute Tc, first
determine Tt for each segment from the following
information:
Segment AB: Sheet flow; dense grass; slope (s) = 0.01
ft/ft; and length (L) = 100 ft. Segment BC: Shallow
concentrated flow; unpaved; s = 0.01 ft/ft; and
L = 1,400 ft. Segment CD: Channel flow; Manning’s
n = .05; flow area (a) = 27 ft2; wetted perimeter
(pw) = 28.2 ft; s = 0.005 ft/ft; and L = 7,300 ft.
See figure 3-2 for the computations made on
worksheet 3.

Limitations
• Manning’s kinematic solution should not be used
for sheet flow longer than 300 feet. Equation 3-3
was developed for use with the four standard
rainfall intensity-duration relationships.
A

• In watersheds with storm sewers, carefully identify
the appropriate hydraulic flow path to estimate Tc.
Storm sewers generally handle only a small portion
of a large event. The rest of the peak flow travels
by streets, lawns, and so on, to the outlet. Consult a
standard hydraulics textbook to determine average
velocity in pipes for either pressure or nonpressure
flow.

B

• The minimum Tc used in TR-55 is 0.1 hour.

3–4

7,300 ft

1,400 ft

100 ft

(210-VI-TR-55, Second Ed., June 1986)
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Appendix C:

Calculations for Run-Off Control System

Section 1:

Run-Off Control System Interim Conditions Summary

OBJECTIVE:
The objective of this calculation is to evaluate the temporary run-off control measures inside the
A.B. Brown Landfill to provide capacity to control contact water run-off for the 25-year, 24-hour
storm during interim conditions. The temporary run-off control measures for interim phase cells
include a temporary collection sump, perimeter ditch system, the Landfill Settling Basin, and the
Capital Pond.
METHOD:
The required sizing of run-off control measures was evaluated using the Soil Conservation
Service (SCS) method for calculating runoff.
DEFINITION OF VARIABLES:
A = area;
CN = curve number;
Q = flow;
CALCULATIONS:
1.0

Contact water run-off for interim conditions

Prior to closure of the landfill and installation of final cover run-off control measures, operations
of interim cell areas utilize interim run-off control measures. In many cases the interim run-off
control measures overlap or are the same as those used during final cover conditions but since
the active area (interim cells) and final cover area (entire landfill) differ in size, grading, and
configuration, different routing procedures are followed for control of stormwater.

The Eastern Landfill Area, which is closed and inactive, already has installed the final cover
berms, downdrains, and perimeter ditch segments which will operate during both interim and
final cover conditions. The Western Landfill Area, northern half, is also closed with run-off
controls (terrace berms and riprap downchutes) already installed. Development of the Western
Landfill Area, southern and eastern portions is considered the Interim (active) Area. The
approximate 2016 Interim Area is detailed in Appendix D of this report. Conveyance of run-off
water from these areas to the Landfill Settling Basin and Capital Pond via a temporary holding
sump is described below.

1.1 Estimate run-off volume for interim conditions
The 25-year run-off volume was evaluated assuming the tributary drainage area is CCR
material, which was assumed to be consistent with a hydric soil class B based on engineering
experience. SCS Method [Ref. 1] was used to calculate the runoff from each interim cell during
the 25-year storm event which was used to size the runoff control measures. The hydrologic
conditions and 25-year runoff volume for interim conditions were calculated (See Computation
Sheet) and are summarized as shown in the following table:

Table 1: Runoff Volume per Cell for Interim Conditions
Interim Cell
ID

Storm
Recurrence
Interval
(years)

Rainfall for 24Hour Storm
{i}
(in.)

Curve
Number
{CN}

Drainage
Area
{A}
(ac.)

25-Year Run-Off
Volume per Cell
{V}
(ac-ft)

17 North

25

5.4

79

3.10

0.81

17 South

25

5.4

79

2.67

0.70

18 North

25

5.4

79

3.97

1.04

18 South

25

5.4

79

4.28

1.12

TOTAL INTERIM CELL RUNOFF VOLUME
1.2

3.67

Describe typical runoff control measures

Sizing of all interim runoff control measures was done for the 24-hour, 25-year storm [Ref. 2].
Cells 17 and 18 North and South are graded to flow west to the temporary collection sump.
This sump then routes to the Landfill Settling Basin.
The sump volume is estimated based on sideslopes of approximately 1.5H:1V, bottom width of
approximately twelve (12) feet, and total sump length approximately equal to 740 feet. At a
height of 14 vertical feet, the sump volume provided is approximately 341,880 cubic feet or 7.85
acre-feet.
1.3

Evaluate hydraulic performance of control measures

Based on the stated assumptions for the interim storage sump, the storage capacity of 7.85
acre-feet is greater than the 25-year storm runoff volume from the interim cells which generates
approximately 3.67 acre-feet. Therefore the interim sump is adequately sized to handle design
runoff.
The capacity of the typical interim structure is summarized in the table below:
Table 2: Capacity of Interim Sump
Design Storm
Event
(years)
25

Sump Bottom
Width
(ft.)

Flow
Area
(ft2)

Sump
Length
(ft)

Storage
Capacity
(ac-ft)

12.0

462

740

7.85

Storage Capacity >
Runoff Volume?
YES

The results of SCS calculations for the runoff storm volume of interim cells is summarized in the
following reference pages.

DISCUSSION:
The interim storage sump for the A.B. Brown Landfill interim cells has capacity to control the
runoff from the 24-hour, 25-year storm.
REFERENCES:
1. United States Department of Agriculture, “Urban Hydrology for Small Watersheds”,
Technical Release 55, June 1986.
2. Hershfield, David M., “Technical Paper No. 40 Rainfall Frequency Atlas of the United States
for Durations from 30 Minutes to 24 Hours and Return Periods from 1 to 100 Years”, NOAA
National Weather Service, obtained January 14, 2005.
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Section 2:

Run-Off Control System Final Cover Conditions Summary

OBJECTIVE:
The objective of this calculation is to evaluate the size of run-off control measures within the
A.B. Brown Type III Restricted Waste Landfill to provide capacity to control non-contact water
run-off for the 24-Hour, 25-Year storm during final cover conditions.
METHOD:
Diversion berm, downdrain, perimeter ditch, and retention pond designs were evaluated using
SEDCAD4 and HydroCAD modeling softwares and the Soil Conservation Service (SCS)
method for calculating runoff.
DEFINITION OF VARIABLES:
A = area;
CN = curve number;
Q = flow;
Tc = time of concentration
CALCULATIONS
1.0

Contact water run-off for final cover conditions

After placement of the CCR to achieve a consistent grade across the landfill footprint, the landfill
closure area will be covered in protective soil and a vegetative layer. The Western Landfill Area
will be graded to drain towards several levels of terrace berms which will outlet to downdrain
riprap channels and perimeter ditches. The Eastern Landfill Area will drain into tack-on berms
and downdrain pipes which will also outlet to the perimeter ditch system. Run-off from the final
cover landfill area will be captured by these design features and conveyed to the west Landfill
Settling Basin and northwest Stormwater Surge Basin.
SEDCAD4 and HydroCAD computer softwares [Ref. 1, 2] were used to model the hydraulic
performance of the berms, downdrains, perimeter ditches, and ponds for the 24-Hour, 25-Year
storm event [Ref. 4].
1.1

Estimate flow to a typical diversion berm

Two types of diversion berms exist as part of the final cover design of the West Landfill Area.
The first type of berm is a side-slope terrace channel berm which coveys run-off flow generated
by the steeper (25%) side slopes of the final cover. The second type of berm is a top-of-slope
diversion berm which conveys run-off flow generated by the longer, flatter (2.5%) side slope of
the final cover running south.
The drainage area to any individual side-slope terrace berm and top-of-slope diversion berm in
the West Landfill Area during final cover conditions will be limited to approximately 2.3 acres
and 18 acres, respectively. The tributary drainage area is CCR material, which was assumed to
be consistent with a hydric soil class B based on engineering experience. Time of concentration
was calculated using TR-55 Methodology [Ref. 3]. Below are the SEDCAD4 calculated runoff
amounts from both the side-slope terrace diversion berm and top-of-slope diversion berm
assuming the maximum drainage area.

SEDCAD

Storm

Drainage

Curve

Time of

Peak Discharge

Model ID

Frequency

Area (ac.)

Number

Concentration (hr)

(cfs)

#10

25yr, 24hr

2.3

78

0.194

6.8

#12

25yr, 24hr

18

78

0.339

49

Design Feature
West End SideSlope (Terrace)
Berm
West End Topof-Slope Berm

For the East Landfill Area, the HydroCAD calculated run-off amount for the tack-on diversion
berm with the greatest drainage area is shown below:
HydroCAD

Storm

Drainage

Curve

Time of

Peak Discharge

Model ID
West
Portion of
NW D.A.
2R

Frequency

Area (ac.)

Number

Concentration (hr)

(cfs)

25yr, 24hr

6.4

78

0.338

21.3

Design Feature
East End TackOn Diversion
Berm

1.2

Describe typical berm and downdrain outlet

West Landfill Area
On the West Landfill Area the terrace diversion berms are 2 feet high with a 5H:1V side slope
on the contact (intercept) face of the berm. The width of each terrace is approximately 10 feet.
Terrace berm channels are graded at a 2% slope and route towards riprap channel downdrain
structures which feed into the north and south reaches of the perimeter ditch.
The top-of-slope diversion berms on the West Landfill Area are also 2 feet high with 2% channel
slopes. These berms have a 4H:1V side slope on both faces of the berm mound.
An average of five (5) terrace berm levels outlet flow to a typical receiving downdrain channel.
Downdrain outlets that discharge to the perimeter ditch service (receive flow from) an average
of ten (10) terrace runoff areas. There are a total of five (5) downdrain outlets to the perimeter
ditch system along the western half of the landfill. The largest drainage area received by any
one of these downdrain channels is approximately 23 acres.
East Landfill Area
The East Landfill Area is designed during final cover conditions to convey flow through a series
of tack-on diversion berms and 18”-diameter downdrain pipes. The tack-on berms typically
have 3H:1V side slopes with 2% channel slope and the berm height varies from 2 feet
(minimum) to 4 feet (maximum) at the end nearest to the downdrain. The increased height of
the berm at the downstream end allows for a small temporary ponding buffer zone to form
should the downdrains become backed up due to exceedance of design capacity during severe
storm events.

1.3

Evaluate hydraulic performance of a typical diversion berm

West Landfill Area
Based on the stated assumptions, runoff from the 25-Year storm event produces a flow depth of
approximately 1.4 feet in the terrace channel. The planned terrace diversion berm height of 2
feet is capable of conveying the storm flow without the berm overtopping.
Design
Feature
West End
SideSlope
(Terrace)
Berm

SEDCAD

Storm

Flow Area
Available
(sq. ft.)

Flow Depth
Design
Flow (ft.)

Depth
Channel
(ft.)

Freeboard

Frequency

Flow Area
Design (sq.
ft.)

Model ID

#10

25yr, 24hr

8.8

20

1.40

2

0.60

(ft.)

Based on the stated assumptions, runoff from the 25-Year storm event produces a flow depth of
approximately 1.7 feet in the top-of-slope diversion berm channel. The planned top-of-slope
diversion berm height of 2 feet is capable of conveying the storm flow without the berm
overtopping.
Design
Feature
West End
Top-ofSlope
Berm

SEDCAD

Storm

Flow Area
Available
(sq. ft.)

Flow Depth
Design
Flow (ft.)

Depth
Channel
(ft.)

Freeboard

Frequency

Flow Area
Design (sq.
ft.)

Model ID
#12

25yr, 24hr

35.7

48

1.70

2

0.30

(ft.)

East Landfill Area
Based on the stated assumptions, runoff from the 25-Year storm event produces a maximum
flow depth of approximately 0.76 feet in the tack-on diversion berm channel. The modeled
channel depth is produced based on the maximum drainage area received by a typical berm on
the East Landfill Area. The planned diversion berm height of 2-4 feet is capable of conveying
the storm flow without the berm overtopping.

Design
Feature
East End
Tack-On
Diversion
Berm

HydroCAD

Storm

Flow Area

Flow Depth
Design
Flow (ft.)

Depth
Channel
(ft.)

Freeboard

Design (sq. ft.)

Flow Area
Available
(sq. ft.)

Model ID
West
Portion of
NW D.A.
2R

Frequency
25yr, 24hr

13.2

184

0.76

2

1.24

(ft.)

1.4

Evaluate hydraulic performance of a typical downdrain

West Landfill Area
The downdrain structures for the A.B. Brown West Landfill Area, final cover design are
riprapped stormwater channels. The downdrain channels run downhill at the same grade as the
landfill. The downdrain channel design has a 2-foot bottom with 1.5-foot depth and 4H:1V side
slopes. The downdrain channels use Type I Riprap. Capacity calculations for a typical riprap
downdrain are shown below:

SEDCAD

Table 5A: Structure Capacity for Riprap Open Channel Downdrains
Design
Storm
Channel Channel Velocity Design
Flow
Flow Capacity >

ID

Event

Bottom

Area

(years)

(ft.)

(ft2)

#25

25yr, 24hr

2.0

(fps)

12

10.0

Discharge

Capacity

(cfs)

(cfs)

63.8

86.2

Design Flow?

YES

East Landfill Area
The downdrain structures for the A.B. Brown East Landfill Area, final cover design are 18”diameter corrugated polyethylene pipes. Discharges from the subbasins of the East Landfill
Area, routed through the downdrains, are calculated below:
Table 5B: Structure Capacity for Pipe Downdrains
HydroCAD

Design
Storm

Pipe

Pipe

ID

Event

Diameter

Area

(years)

(ft.)

(ft2)

Velocity

(fps)

Design

Flow

Flow Capacity >

Discharge

Capacity

Design Discharge?

(cfs)

(cfs)

NW – 2R

25yr, 24hr

1.3

1.33

23.6

16.0

31.1

YES

NE – 2R

25yr, 24hr

1.3

1.33

23.2

14.8

31.1

YES

SE – 2R

25yr, 24hr

1.3

1.33

23.2

15.0

31.1

YES

SW – 2R

25yr, 24hr

1.3

1.33

23.5

15.8

31.1

YES

DISCUSSION:
Run-off control measures for the A.B. Brown Type III Restricted Waste Landfill have capacity to
control non-contact water run-off for the 24-Hour, 25-Year storm during final cover conditions.
REFERENCES:
1. SEDCAD4 by Civil Software Design LLC.
2. HydroCAD by HydroCAD Software Solutions LLC.
3. United States Department of Agriculture, “Urban Hydrology for Small Watersheds”,
Technical Release 55, June 1986.
4. Hershfield, David M., “Technical Paper No. 40 Rainfall Frequency Atlas of the United States
for Durations from 30 Minutes to 24 Hours and Return Periods from 1 to 100 Years”, NOAA
National Weather Service, obtained January 14, 2005.
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Estimating Runoff
Estimating
Runoff

SCS runoff curve number method
The SCS Runoff Curve Number (CN) method is described in detail in NEH-4 (SCS 1985). The SCS runoff
equation is
Q=

( P − Ia ) 2
( P − Ia ) + S

[eq. 2-1]

where
Q
P
S
Ia

= runoff (in)
= rainfall (in)
= potential maximum retention after runoff
begins (in) and
= initial abstraction (in)

Initial abstraction (Ia) is all losses before runoff
begins. It includes water retained in surface depressions, water intercepted by vegetation, evaporation,
and infiltration. Ia is highly variable but generally is
correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, Ia was
found to be approximated by the following empirical
equation:
[eq. 2-2]
Ia = 0.2S
By removing Ia as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives:
Q=

( P − 0.2S ) 2
( P + 0.8S )

[eq. 2-3]

S is related to the soil and cover conditions of the
watershed through the CN. CN has a range of 0 to 100,
and S is related to CN by:
S=

1000
− 10
CN

[eq. 2-4]

Figure 2-1 and table 2-1 solve equations 2-3 and 2-4
for a range of CN’s and rainfall.

Technical Release 55
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Factors considered in determining runoff curve numbers
The major factors that determine CN are the hydrologic soil group (HSG), cover type, treatment, hydrologic condition, and antecedent runoff condition
(ARC). Another factor considered is whether impervious areas outlet directly to the drainage system (connected) or whether the flow spreads over pervious
areas before entering the drainage system (unconnected). Figure 2-2 is provided to aid in selecting the
appropriate figure or table for determining curve
numbers.
CN’s in table 2-2 (a to d) represent average antecedent
runoff condition for urban, cultivated agricultural,
other agricultural, and arid and semiarid rangeland
uses. Table 2-2 assumes impervious areas are directly
connected. The following sections explain how to
determine CN’s and how to modify them for urban
conditions.

Hydrologic soil groups
Infiltration rates of soils vary widely and are affected
by subsurface permeability as well as surface intake
rates. Soils are classified into four HSG’s (A, B, C, and
D) according to their minimum infiltration rate, which
is obtained for bare soil after prolonged wetting.
Appendix A defines the four groups and provides a list
of most of the soils in the United States and their
group classification. The soils in the area of interest
may be identified from a soil survey report, which can
be obtained from local SCS offices or soil and water
conservation district offices.
Most urban areas are only partially covered by impervious surfaces: the soil remains an important factor in
runoff estimates. Urbanization has a greater effect on
runoff in watersheds with soils having high infiltration
rates (sands and gravels) than in watersheds predominantly of silts and clays, which generally have low
infiltration rates.
Any disturbance of a soil profile can significantly
change its infiltration characteristics. With urbanization, native soil profiles may be mixed or removed or
fill material from other areas may be introduced.
Therefore, a method based on soil texture is given in
appendix A for determining the HSG classification for
disturbed soils.

(210-VI-TR-55, Second Ed., June 1986)
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Chapter 3

Time of Concentration and Travel Time

Manning’s equation is:
V=

2 1
1.49r 3 s 2

[eq. 3-4]

n

where:
V = average velocity (ft/s)
r = hydraulic radius (ft) and is equal to a/pw
a = cross sectional flow area (ft2)
pw = wetted perimeter (ft)
s = slope of the hydraulic grade line (channel
slope, ft/ft)
n = Manning’s roughness coefficient for open
channel flow.
Manning’s n values for open channel flow can be
obtained from standard textbooks such as Chow
(1959) or Linsley et al. (1982). After average velocity is
computed using equation 3-4, Tt for the channel segment can be estimated using equation 3-1.

Reservoirs or lakes
Sometimes it is necessary to estimate the velocity of
flow through a reservoir or lake at the outlet of a
watershed. This travel time is normally very small and
can be assumed as zero.

Technical Release 55
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• A culvert or bridge can act as a reservoir outlet if
there is significant storage behind it. The procedures in TR-55 can be used to determine the peak
flow upstream of the culvert. Detailed storage
routing procedures should be used to determine
the outflow through the culvert.

Example 3-1
The sketch below shows a watershed in Dyer County,
northwestern Tennessee. The problem is to compute
Tc at the outlet of the watershed (point D). The 2-year
24-hour rainfall depth is 3.6 inches. All three types of
flow occur from the hydraulically most distant point
(A) to the point of interest (D). To compute Tc, first
determine Tt for each segment from the following
information:
Segment AB: Sheet flow; dense grass; slope (s) = 0.01
ft/ft; and length (L) = 100 ft. Segment BC: Shallow
concentrated flow; unpaved; s = 0.01 ft/ft; and
L = 1,400 ft. Segment CD: Channel flow; Manning’s
n = .05; flow area (a) = 27 ft2; wetted perimeter
(pw) = 28.2 ft; s = 0.005 ft/ft; and L = 7,300 ft.
See figure 3-2 for the computations made on
worksheet 3.

Limitations
• Manning’s kinematic solution should not be used
for sheet flow longer than 300 feet. Equation 3-3
was developed for use with the four standard
rainfall intensity-duration relationships.
A

• In watersheds with storm sewers, carefully identify
the appropriate hydraulic flow path to estimate Tc.
Storm sewers generally handle only a small portion
of a large event. The rest of the peak flow travels
by streets, lawns, and so on, to the outlet. Consult a
standard hydraulics textbook to determine average
velocity in pipes for either pressure or nonpressure
flow.

B

• The minimum Tc used in TR-55 is 0.1 hour.

3–4

7,300 ft

1,400 ft

100 ft

(210-VI-TR-55, Second Ed., June 1986)
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(Not to scale)

D

Interim Runoff Calculations
A.B. Brown Landfill - Cell 17 North
SCS Run-Off Equation

SCS Watershed Variables Defined
CN = Curve Number = 79
P = Rainfall = 5.4 in. (25-Year, 24-Hour Storm)
A (Area of Watershed, Typical Interim Cell)
A = 3.10 acres

S = 1000/79 – 10 = 2.658
Q = (5.4 – 0.2*2.658)2
----------------------- ~= 3.15 in.
5.4 + 0.8*2.658
[Amount of Runoff]
SCS Runoff Volume
Total Storm Volume
= (3.15 in./12in.) * (3.10 acres) = 0.81 ac-ft

Interim Runoff Calculations
A.B. Brown Landfill - Cell 17 South
SCS Run-Off Equation

SCS Watershed Variables Defined
CN = Curve Number = 79
P = Rainfall = 5.4 in. (25-Year, 24-Hour Storm)
A (Area of Watershed, Typical Interim Cell)
A = 2.67 acres

S = 1000/79 – 10 = 2.658
Q = (5.4 – 0.2*2.658)2
----------------------- ~= 3.15 in.
5.4 + 0.8*2.658
[Amount of Runoff]
SCS Runoff Volume
Total Storm Volume
= (3.15 in./12in.) * (2.67 acres) = 0.70 ac-ft

Interim Runoff Calculations
A.B. Brown Landfill - Cell 18 North
SCS Run-Off Equation

SCS Watershed Variables Defined
CN = Curve Number = 79
P = Rainfall = 5.4 in. (25-Year, 24-Hour Storm)
A (Area of Watershed, Typical Interim Cell)
A = 3.97 acres

S = 1000/79 – 10 = 2.658
Q = (5.4 – 0.2*2.658)2
----------------------- ~= 3.15 in.
5.4 + 0.8*2.658
[Amount of Runoff]
SCS Runoff Volume
Total Storm Volume
= (3.15 in./12in.) * (3.97 acres) = 1.04 ac-ft

Interim Runoff Calculations
A.B. Brown Landfill - Cell 18 South
SCS Run-Off Equation

SCS Watershed Variables Defined
CN = Curve Number = 79
P = Rainfall = 5.4 in. (25-Year, 24-Hour Storm)
A (Area of Watershed, Typical Interim Cell)
A = 4.28 acres

S = 1000/79 – 10 = 2.658
Q = (5.4 – 0.2*2.658)2
----------------------- ~= 3.15 in.
5.4 + 0.8*2.658
[Amount of Runoff]
SCS Runoff Volume
Total Storm Volume
= (3.15 in./12in.) * (4.28 acres) = 1.12 ac-ft

Reference 4:

NOAA Technical Paper No. 40

RAINFALL - 25 YEAR FREQUENCY - 24 HOUR DURATION
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Appendix D: Surface Water Control and Design Plan Sheets
SHEET NO.
*1
*2
*3

DESCRIPTION
Site Plan
Final Cover Grades - Surface Water Control Plan
Details – Terrace Berm and Perimeter Ditch

*Plan sheets from previously approved Indiana Department of Environmental Management
(IDEM) Restricted Waste Type III Landfill 2007 and 2012 minor modification applications

