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Dear Mr. Leidolf:

ATC Group Services LLC (ATC) is pleased to present the following Run-On Run-Off
Control System (ROROCS) Plan for the Indianapolis Power & Light Company (IPL)
Petersburg Generating Station Type |ll Restricted Waste Landfill located at 68925 North
State Road 57, Petersburg, IN 47567.

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.

Contained here within is a summary report which demonstrates that the Petersburg
Landfill design measures are compliant with the CCR Rule. We appreciate the
opportunity to assist you with this project. If you have any questions concerning
information contained in this letter, please do not hesitate to call the undersigned at
317.849.4990.

Sincerely,
ATC Group Services LLC

Chorden ST ourer
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IPL Petersburg Type lll Restricted Waste Landfill Run-On and Run-Off Control System Plan
Petersburg, Indiana ATC Project No. 170LF00266

Executive Summary

The IPL Petersburg Generating Station Landfill located at 6925 North State Road 57 in Petersburg, IN
47567, received a Solid Waste Land Disposal Facility Permit from Indiana Department of
Environmental Management (IDEM) in 1983. The IDEM approved plans for this facility include a
number of erosion control and runoff measures to contain design storm flow. Additional grading
measures prevent run-on flow from entering the site.

The CCR Rule requires that all stormwater drainage structures, including channels, culverts, pipe
systems, and detention basins be designed to convey 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.

Qctober 7, 2016 ATC Group Services LLC ii
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IPL Petersburg Type Ill Restricted Waste Landfill Run-On and Run-Off Control System Plan
Petersburg, Indiana ATC Project No. 170LF00266

1 Introduction

This Run-On and Run-Off Control System (ROROCS) Plan was prepared for the existing IPL
Petersburg Generating Station Type Il Restricted Waste Landfill in accordance with 40 CFR 257.81
(Run-on 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 must 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 permit application reviewed and approved by IDEM includes sedimentation and erosion control
systems that meet these requirements.

2.2 Preamble to the Federal CCR Rule

The preambile 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.

Qctober 7, 2016 ATC Group Services LLC 1



IPL Petersburg Type Ill Restricted Waste Landfill Run-On and Run-Off Control System Plan
Petersburg, Indiana ATC Project No. 170LF00266

A description of 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 25-year design storm rainfall amount was derived from the National Oceanic and
Atmospheric Administration (NOAA) Atlas 14 data for Pike County, [ndiana. The storm generates
approximately 5.5 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]
la =0.2*S [Equation 2]
Where:

S = potential maximum retention after runoff begins (in.);
CN = curve number; and
la = 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:

l» = 200/79 -2 = 0.53 inches
3.3 Runoff and Routing Methodology

The EPA SWMM program Version 5.1 was used to generate the runoff flow, velocities, and flow
depths for a typical set of run-on / run-off control measures under the highest drainage area loading
situation. The EPA SWMM Model was developed by the Water Supply and Water Resources Division
of the U.S. Environmental Protection Agency's National Risk Management Research Laboratory with
assistance from the consulting firm of CDM Inc. under a Cooperative Research and Development
Agreement (CRADA). The SWMM program emulates the NRCS TR55 Model. The infiltration
calculations used SCS Curve Number method. The routing procedure used was the Kinematic Wave
method for Unsteady Flow following a Type |l SCS Unit Hydrograph. All erosion control measures

October 7, 2016 ATC Group Services LLC 2



IPL Petersburg Type Il Restricted Waste Landfill Run-On and Run-Off Control System Plan
Petershurg, Indiana ATC Project No. 170LF00266

were linked to drainage channels and reservoir areas using the EPA SWMM program. The simulation
resuits are included in Appendix C.

4  Run-On Control

4.1 Topography

The site of the Petersburg Landfill is located directly adjacent to the White River at the Pike-Knox
County border. The surrounding area is mostly flat with some rolling hills to the north and east of the
landfill with the landfill itself as the highest feature. The landfill is protected from run-on flow by a
perimeter road on the east and also by natural drainage relief. Runoff from higher topographic peaks
routes around the landfill perimeter to join the White River.

4.2 Perimeter Railroad Embankment

The landfill is surrounded by a railroad embankment on the north and west sides. The railroad
embankment height varies between 5 and 10 feet above natural grade. The railroad embankment is
higher than the 100-Year Elevation of the White River. This prevents run-on flow from the White River
entering the landfill (see Appendix B).

5  Run-Off Control

5.1 Erosion Control Measures

A series of diversion berms exist on the sloping faces of the developed portion of the landfill to gently
direct runoff flow through the conveyance system. Additional berms will be added to the perimeter
slopes as the remainder of the landfill is placed in operation. These berms prevent disturbance of the
CCR materials during the design storm event. Terrace berms that are approximately twenty-four (24°)
feet wide convey flow to riprap downchutes. Terrace berms and downchute channels have adequate
height to contain the calculated flow depth of the design storm.

5.2 Flow Conveyance and Capture Measures

Flow from diversion (terrace) berms is directed into riprap downchutes which feed into the perimeter
ditch system. The encircling landfill ditch system is divided into several reaches. Some reaches flow
to the (existing) Northwest and West Sedimentation Basins which will handle both the interim and final
cover run-off flows. The West Sedimentation Basin outlets to an NPDES outfall area. Other
perimeter ditch reaches will flow to the (future development) East Sedimentation Pond which will
primarily handle final cover run-off flow. Future landfill development, ash pond closures, and other
activities of the IPL Petersburg Generating Station which are unforeseen at this time may influence
the planning and layout of run-on and run-off control measures. This plan will continue to be updated
as future development occurs.

October 7, 2016 ATC Group Services LLC 3



IPL Petersburg Type Ill Restricted Waste Landfill Run-On and Run-Off Control System Plan
Petersburg, Indiana ATC Project No. 170LF00266

6 Conclusions

As required by 40 CFR 257.81, the IPL Petersburg Type Ill Restricted Waste 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 IPL Petersburg Type Il Restricted Waste Landfill run-off
control system is designed to collect and control at least the water volume resulting from a 24-hour,

25-year storm.

October 7, 2016 ATC Group Services LLC
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Appendix A: Storm Water Control Plan Overview
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FLOW CONTROL STRUCTURE CONVEYANCE TABLE

FLOW CONTROL STRUCTURE FLOW TYPE CONVEYED

Perimeter Channels Run-On & Run-Off
Riprap Downchutes Run-Off
Terrace Berms Run-Off

Outlets to Retention Basins Run-On & Run-Off

Retention Basins Run-On & Run-Off




Appendix B: Calculations for Run-On Control System

Run-On Control System Summary



Run-On Control System

The objective of this calculation is to demonstrate that the perimeter stormwater controls for the
IPL Petersburg Type Ill Restricted Waste Landfill have capacity to control run-on flow from the
24-hour, 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 upsitream 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.

CALCULATION METHOD:

The capacity of the perimeter stormwater controls will be evaluated using the SCS method and
Manning’s equation.

DEFINITION OF VARIABLES

A = area;
CN = curve number,;
Q = flow;

S = Channel Sideslope
CALCULATIONS
1.0 Perimeter Road

Drainage from the watersheds surrounding the Petersburg Landfill flows away from the landfill.
Two principal watersheds which are UNT Lick Creek and UNT White River are shown on USGS
Streamstats maps as dividing the landfill area in half with the landfill area as the highest local
feature. This demonstrates that the landfill benefits from natural drainage relief and is protected
from run-on flow of these smaller watersheds.

Further run-on flow protection from the larger White River watershed is provided by haul roads
and the adjoining railroad embankment to the west of the landfill. The 100-year elevation of the
White River was determined using Indiana Floodplain Information Portal (INFIP) as
approximately 429.6 feet. A plot of the railroad embankment height versus the 100-year
elevation of the White River is shown in the following figure:
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At all locations along the elevation profile, the railroad embankment height is higher than the
100-year flood elevation. Therefore the landfill is insularly protected from run-on flow of the
White River.

2.0 Perimeter Stormwater Channels

According to design plans perimeter ditches have 6.67'-foot channel bottoms with 3H:1V
sideslopes. Perimeter ditches drain to sedimentation basins that are described in the following
section.

The largest drainage area to any perimeter ditch segment was determined to be approximately
6 acres. EPA SWMM modeling results with max flow to a typical perimeter stormwater channel
and capacity from manning’s equation are summarized below:

EPA SWMM Ditch Side Ditch Capacity | Capacity>
Bottom | Slope Height | Channel | Max
Max Flow (cfs) | (ft.) (xH:1V) | (ft.) (cfs) Flow?
31.64 6.67 3:1 4 394.7 YES

The ditch capacity is sufficient to handle stormwater flow from the landfill and adjacent areas.



3.0 Ponds

The combined run-on and run-off flow from the Petersburg Landfill is handled by a series of
retention basins to the west of the landfill during the interim conditions. The west retention
basins are the Northwest Sedimentation Basin and the West Sedimentation Basin. The
Northwest Sedimentation Basin outlets to the West Sedimentation Basin before treatment and
discharge to an NPDES outfall area.

For the final cover conditions an East Sedimentation Pond will add additional storage capacity.
The storage volumes of individual basins were calculated and their approximate Stage-Storage
curves are attached to this appendix for reference.

Combined storage available in the East, West, and Northwest Sedimentation basins is sufficient
to handle the 25-year storm volume from the landfill and adjacent contributing areas during both
interim and final cover conditions.

DISCUSSION:

The perimeter stormwater controls for the Petersburg Type Ill Restricted Waste Landfill have
capacity to control both run-on and non-contact water run-coff for the 24-Hour, 25-Year storm.

REFERENCES:

1. EPA SWMM v. 5.1 by Water Resources Division of the U.S. Environmental Protection

Agency's National Risk Management Research Laboratory with assistance from the

consulting firm of CDM, Inc.

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. NOAA Atlas 14, Volume 2, Version 3. “Precipitation Frequency Data Server”. G.M.
Bonnin, D. Martin, B. Lin, T. Parzybok, M. Yekta, and D. Riley.

5. Indiana Floodplain Information Portal (INFIP).
<http://dnrmaps.dnr.in.gov/appsphp/fdms/>.
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Trapezoidal Channel Section

Participant: Indianapolis Power & Light Co.

Location: Petersburg

County: County, Indiana

Designer: Checker: C.P.D.
Date: 09/30/2016 Date: 09/28/16

Hydraulics Formula, Version 2.2.1

Perimeter Ditch

Slope: 0.005 ft/ft Hydraulic Radius: 2.34
'n' value: 0.035 Area: 74.68 sq ft
Velocity: 5.29 ft/sec
Capacity: 394.70 cfs

Sideslope: 3:1
Bottom Width: 6.67 ft
Depth of Flow: 4 ft.
Width @ surface 31 ft

- Trapezoidal Section -
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B N Hydraulic Radis: 234, |
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3 Capacity: 394.70 cfs
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Appendix C: Calculations for Run-Off Control System

Run-Off Control System Interim and Final Cover Conditions Summary



Run-Off Control System Interim and Final Cover Conditions Summary

The objective of this calculation is to evaluate the size of run-off control measures within the IPL
Petersburg Type |ll Restricted Waste Landfill to provide capacity to control non-contract water
run-off for the 24-Hour, 25-Year storm during interim and final cover conditions.

CALCULATION METHOD

The amount of rainfall for the 24-Hour, 25-Year storm event was taken from NOAA Atlas 14,
Volume 2 [Ref. 4]. For the Petersburg, Indiana region, Atlas 14 yields a rainfall amount of
approximately 5.5 inches.

Terrace-style diversion berm and riprap downchute designs were evaluated using EPA SWMM
v. 5.1 modeling software [Ref. 1]. The EPA SWMM software uses the Soil Conservation
Service (SCS) TR-55 [Ref. 3], Curve Number method for calculating runoff.

To demonstrate capacity of the interim and final cover storm water measures, a typical
stormwater run-off control unit consisting of a downchute and adjoining terrace berms was
modelled. The modelling simulation is for the stormwater run-off control unit of the Final Cover
Grading Plan with the largest drainage area (highest loading condition). Deductive logic applies
the calculated results from the highest loading condition to all other units with lesser loading
conditions.

DEFINITION OF VARIABLES

A = area;
CN = curve number;
Q = flow;

S = Channel Sideslope
CALCULATIONS
1.0 Routing Procedure

After placement of the CCR to achieve a consistent grade across the landfill footprint, the landfill
final closure area will be covered in protective soil and a vegetative layer. Several levels of
terraces will be graded to act as diversion berms. Terraces will be spaced approximately sixty
(60) feet apart from one another and will have a width of approximately twenty-four (24) feet.
Individual terraces will convey run-off flow from the vegetated landfill cover areas to riprap
downchute channels.



2.0 Hydraulic Performance of a Typical Terrace Diversion Berm

According to design plans terraces are 24 feet wide (topwidth) with 1.2-foot channel bottoms.

Terrace berm channels are graded with a channel slope of 0.4% and drain to riprap

downchutes.

The largest drainage area to any final cover terrace will be limited to approximately 0.6 acres.
Flow to terraces of a typical stormwater run-off control unit are summarized in Table 1 below:

Table 1 — Terrace Berm Capacity

SWMM | Channel Terrace Terrace Flow {Q} Flow Freeboard
ID Slope {S} Side Slope Height (ft.) (cfs) Height (ft.) Inches
11 0.40% 3H:1V & 2% 0.5 1.5 0.21 3.48
12 0.40% 3H:1V & 2% 0.5 1.61 0.24 3.12
13 0.40% 3H:1V & 2% 0.5 1.75 0.27 2.76
14 0.40% 3H:1V & 2% 0.5 1.83 0.28 2.64
15 0.40% 3H:1V & 2% 0.5 1.9 0.29 2.52
16 0.40% 3H:1V & 2% 0.5 1.66 0.25 3
17 0.40% 3H:1V & 2% 0.5 1.61 0.23 3.24
18 0.40% 3H:1V & 2% 0.5 1.56 0.23 3.24
19 0.40% 3H:1V & 2% 0.5 1.53 0.21 3.48
20 0.40% 3H:1V & 2% 0.5 1.43 0.21 3.48
21 0.40% 3H:1V & 2% 0.5 2.16 0.3 2.4
22 0.40% 3H:1V & 2% 0.5 2.21 0.3 2.4
23 0.40% 3H:1V & 2% 0.5 2.26 0.3 2.4
24 0.40% 3H:1V & 2% 0.5 2.15 0.3 2.4
25 0.40% 3H:1V & 2% 0.5 2.41 0.31 2.28
26 0.40% 3H:1V & 2% 0.5 2.45 0.31 2.28
27 0.40% 3H:1V & 2% 0.5 2.49 0.31 2.28
28 0.40% 3H:1V & 2% 0.5 1.57 0.23 3.24
29 0.40% 3H:1V & 2% 0.5 1.45 0.2 3.6
30 0.40% 3H:1V & 2% 0.5 1.37 0.18 3.84

All terrace berms have positive freeboard indicating that sufficient design capacity exists.

3.0 Hydraulic Performance of a Typical Riprap Downchute

The trapezoidal riprap downchute channels have a 4-foot bottom width with 3H:1V sideslopes
and 1 foot depth. All flows and velocities for a typical downchute under maximum loading were
calculated using the EPA SWMM program [Ref. 1]. The resulting height of flow and capacity

(freeboard) calculations are shown in Table 2 below:




Table 2 — Downchute Channel Capacity

SWMM | Channel | Terrace Downchute | Flow {Q} Flow Freeboard
ID Slope | Side Slope | Height (ft.) (cfs) Height (ft.) Inches
i} 0.33 3H:1V 1 3.04 0.14 10.32
2 0.33 3H:1V 1 6.51 0.21 9.48
3 0.33 3H:1V 1 10.51 0.28 8.64
4 0.33 3H:1V 1 14.48 0.32 8.16
5 0.33 3H:1V 1 18.78 0.36 7.68
6 0.33 3H:1V 1 22.61 0.4 7.2
7 0.33 3H:1V 1 26.26 0.44 6.72
8 0.33 3H:1V 1 28.48 0.45 6.6
9 0.33 3H:1V 1 30.2 0.47 6.36
10 0.33 3H:1V 1 31.64 0.47 6.36

All channels have positive freeboard indicating that sufficient capacity exists.

DISCUSSION:

Run-off control measures for the IPL Petersburg Type |l Restricted Waste Landfill have
capacity to control non-contact water run-off for the 24-Hour, 25-Year storm event during interim
and final cover conditions.

REFERENCES:

1. EPA SWMM v. 5.1 by Water Resources Division of the U.S. Environmental Protection

Agency's National Risk Management Research Laboratory with assistance from the

consulting firm of CDM, Inc.

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. NOAA Atlas 14, Volume 2, Version 3. “Precipitation Frequency Data Server”. G.M.
Bonnin, D. Martin, B. Lin, T. Parzybok, M. Yekta, and D. Riley.

5. Indiana Floodplain Information Portal (INFIP).
<http://dnrmaps.dnr.in.gov/appsphp/fdms/>.
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Reference 1: EPA SWMM Modeling
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

EPA STORM WATER MANAGEMENT MODEL

- VERSION 5.1

(Build 5.1.010)

IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm
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pollutants ......
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Raingage Summary
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Subcatchment Summary
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

e

Node Summary
LR o

Invert Max. Ponded External
Name Type Elev. Depth Area Inflow
1 JUNCTION 660.00 1.00 0.0
3 JUNCTION 660.37 00 0.0
4 JUNCTION 640.52 1.00 0.0
5 JUNCTION 620.66 1.00 0.0
6 JUNCTION 600.82 1.00 0.0
7 JUNCTION 580.71 1.00 0.0
8 JUNCTION 560.62 1.00 0.0
9 JUNCTION 640.00 1.00 0.0
10 JUNCTION 620.00 1.00 0.0
L1 JUNCTION 600.00 L1.00 0.0
12 JUNCTION 580.00 1.00 0.0
13 JUNCTION 560.00 .00 0.0
14 JUNCTION 540.00 1.00 0.0
15 JUNCTION 540.52 1.00 0.0
16 JUNCTION 520.45 1.00 0.0
17 JUNCTION 520.00 1.00 0.0
18 JUNCTION 500.00 1.00 0.0
19 JUNCTION 480.00 1.00 0.0
20 JUNCTION 500.41 1.00 0.0
21 JUNCTION 480.32 1.00 0.:0
22 JUNCTION 660.82 1.00 0.0
23 JUNCTION 640.82 1.00 0.0
24 JUNCTION 620.84 1.00 0.0
25 JUNCTION 600.84 1.00 0.0
26 JUNCTION 581.:13 1.00 0.0
27 JUNCTION 567118 1.00 0.0
28 JUNCTION 541.23 1.00 0.0
29 JUNCTION 520.46 1 B0 0.0
30 JUNCTION 500.33 1.00 0.0
&l JUNCTION 480.26 1.00 0.0
2 OUTFALL 460.00 1.00 0.0
khkhkhkkhhkkdkkhkk*x
Link Summary
EE o
Name From Node To Node Type Length %¥Slope Roug
1 Tl 9 CONDUIT 89.4 229531 0
2 9 10 CONDUIT 91...2 22.4770 0
3 10 11 CONDUIT 85:9 23.9408 0
4 i 12 CONDUIT 733 28.3613 0
5 12 13 CONDUIT 70.6 29.5386 0
6 13 14 CONDUIT 7046 29.5386 0
7 14 17 CONDUIT 70.6 22,2386 0
8 17 18 CONDUIT 67.1 31.2256 0
9 18 19 CONDUIT 68.9 303337 0
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm
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NOTE: The summary statistics displayed in this report are
based on results found at every computational time step,

not just on results from each reporting time step.
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khkkhkhkkhkkdkxikhhkkk

Analysis Options

Ak hkkkrhkEk A A A XA A KK

Flow Units ....... ... CFS
Process Models:
Rainfall/Runcff ........ YES
BOTT sunpaasss seraspeines NO
Saewmell .. soenoessnnem NO
Groundwater ............ NO
Flow ROUEITIG wamammos i YES
Ponding Allowed ........ NO
Water 'QUalitY s NO
Infiltration Method ...... CURVE NUMBER
Flow Routing Method ...... KINWAVE
Starting Dabe o APR-08-2016 00:00:00
EBriding Date .iacsssdheiias APR-0%9-2016 00:00:00
Antecedent Dry Days ...... 0.0
Report Time Step ......... 00:06:00
Wet Time STED wawwarmwmmams 00:06:00
Dry Time Step ............ 00:06:00
Routing Time Step ........ 30.00 sec
R EE R EREEEEE S EEEEEE S S S S Volume Depth
Runoff Quantity Continuity acre-feet inches

kkkhkhkkhkhhhkhkhkhkhkhhkhhdhdkdrxixdkx 00— ________ -

Total Precipitation ...... 2 5
Evaporation LOSS ......... 0 0
IAELLErSEION LSS . commemmmmies 0.888 1.801
Surface Runcff ........... il 3
Patidl SEEPHEE wnsesemmmmmrs 0 0
Continuity Error (%) ..... -0

IR SRS EE SRS R R R R EEE RS © Volume Volume
Flow Routing Continuity acre-feet 1076 gal
PR R EE R R E R R R R R R R I g g
Dry Weather Inflow ....... 0.000 0.000
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

Wet Weather Inflow ....... 1839 0..599
Groundwater Inflow ....... 0.000 0.000
RDII Inflow .............. 0.000 0.000
External Inflow .......... 0.000 0.000
External Outflow ......... 1.954 0.637
Flooding Loss ............ 0.007 0.002
Evaporation Loss ......... 0.000 0.000
Exfiltration Loss ........ 0.000 0.000
Initial Stored Volume 0.122 0.040
Final Stored Volume ...... 0.008 0.003
Continuity Error (%) ..... -0.355
khkhkhkhkhhkrhhkrkdA A rA kA kA b hkddxhhroxdhhkhk
Highest Flow Instability Indexes
R R R R R R R R R EEEEEEEEE B E TS
All links are stable.
IR E R RS EEEEEREE RS & 5 8 5k
Routing Time Step Summary
Fhkhkhkhkhkhkhkhhkdkrkhkhkhkdhkdhkhkhihkhk
Minimum Time Step : 30.00 sec
Average Time Step : 30.00 sec
Maximum Time Step : 30.00 sec
Percent in Steady State : 0.00
Average Iterations per Step : 1.04
Percent Not Converging t 0.00
R E R EEREE S EREE SRS SRS
Subcatchment Runoff Summary
khkhkhkhkhkhkhkhkhkdhrhkhkhkhhhkhhkhkhkrhhk
Total Total Total Total Total Total
Precip Runon Evap Infil Runoff Runoff
Subcatchment in in in in in 10%6 gal
32 5458 0.00 0.00 180 3.8 0.02
33 5.58 0.00 0.00 1.80 373 0.02
34 5:58 0.00 0.00 1.80 Bl B 0.03
35 5 .58 0.00 0.00 1.80 W 0.03
36 5.58 0.00 0.00 1,80 373 0.04
37 5.58 0.00 0.00 1.80 B3 0.03
38 5 .68 0.00 0.00 1.80 3473 0.02
39 5,58 0.00 0.00 1.80 373 0.02
40 5.58 0.00 0.00 1.80 3.73 0.02
41 5.58 0.00 0.00 1.:80 373 0.02
42 5.58 0.00 0.00 1..88 e X | 0.01
43 5/,:58 0.00 0.00 1.80 3.73 0.02
44 5458 0.00 0.00 1.80 3.3 0.02
45 558 0.00 0.00 1.80 3.73 0.05
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm
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Node Depth Summary
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Node Inflow Summary
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

Maximum Maximum Lateral Total

Lateral Total Time of Max Inflow Inflow

Inflow Inflow Occurrence Volume Volume

Node Type CFS CFS days hr:min 10%6 gal 10%6 gal
1 JUNCTION 0.00 3.22 0 00:00 0 0.0602
3 JUNCTION 0.94 0.94 0 12:00 0.0162 0.0162
4 JUNCTION L I . B35 0 12:00 0.0233 0.0233
5 JUNCTION 1.88 1.88 0 12:00 0.0324 0.0324
6 JUNCTION 2.00 2.00 0 12:00 0.0344 0.0344
74 JUNCTION 2.06 2.06 0 12:00 0.0354 0.0354
8 JUNCTION T3 1:53 0 12:00 0.0263 0.0263
9 JUNCTION 0.00 6 .51 0 12:03 0 0:129
10 JUNCTION 0.00 10.52 0 12:03 0 0.208
o i JUNCTION 0.00 14 .49 0 12:03 0 0.288
12 JUNCTION 0.00 18.77 0 12 :04 0 0.375
13 JUNCTION 0.00 22.61 0 12:04 0 0.454
14 JUNCTION 0.00 26.27 0 Ad2%04 0 0.529
15 JUNCTION 129 1:29 0 12:00 0.0223 0.0223
16 JUNCTION 118 1 .38 0 L2500 0.0202 0.0202
17 JUNCTION 0.00 28.48 0 12:04 0 0.573
18 JUNCTION 0.00 30.20 0 12:04 0 0.608
129 JUNCTION 0.00 31.64 0 12:04 0 0.637
20 JUNCTION 100 1.00 0 12:00 0.0172 0.0172
21 JUNCTION 0.94 0.94 0 A2z00 0.:0162 0.0162
22 JUNCTION 2.35 2.35 0 12:00 0.0405 0.0405
a2 JUNCTION 2.41 2.41 0 EZe00 0.0415 0.0415
24 JUNCTION 2.47 2.47 0 12:00 0.0425 0.0425
25 JUNCTION 2:35 235 0 12:00 0.0405 0.0405
26 JUNCTION 2.0 2.70 0. L2200 0.0466 0.0466
27 JUNCTION 2.6 2.76 0 12:00 0.0476 0.0476
28 JUNCTION 2.82 2.82 0 12:00 0.0486 0.0486
29 JUNCTION 1.23 1.23 0 12:00 0.0213 0.0213
30 JUNCTION 0.88 0.88 0 12:00 0, 0152 0.0152
31 JUNCTION 0465 0.65 0 12:00 00713 0.0111
2 OUTFALL 0.00 31.64 0 12:04 0 0. 637

AR S EEEEESEEEEE SRS S

Node Surcharge Summary
Eak o o i i

Surcharging occurs when water rises above the top of the highest conduit.

Max. Height Min. Depth

Hours Above Crown Below Rim
Node Type Surcharged Feet Feet
1 JUNCTION 24.00 1.000 0.000
3 JUNCTION 24 .00 0.214 0.786
4 JUNCTION 24 .00 0.248 0.752
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

5 JUNCTION 24.00 0.283 0.717
& JUNCTION 24 .00 0.290 0.710
7 JUNCTICN 24 .00 0.294 0.706
8 JUNCTION 24.00 0.261 0.739
9 JUNCTICN 24 .00 1.000 0.000
10 JUNCTION 24.00 1.000 0.000
11 JUNCTION 24 .00 1.000 0.000
12 JUNCTION 24 .00 1.2 000 0.000
13 JUNCTION 24.00 1.000 0.000
14 JUNCTION 24.00 1.000 0.000
15 JUNCTION 24.00 0.244 01756
16 JUNCTION 24.00 0.234 0.766
17 JUNCTION 24.00 1.000 0.000
18 JUNCTION 24 .00 1.000 0.000
19 JUNCTION 24,00 1.000 0.000
20 JUNCTION 24 .00 Q219 0.781
21 JUNCTION 24 .00 0.213 0.787
22 JUNCTION 24 .00 0 220 0.690
23 JUNCTION 24.00 0:313 0.687
24 JUNCTION 24.00 0. 3.5 0;: 685
25 JUNCTTION 24.00 0.310 0.6920
26 JUNCTION 24.00 G 32T 0.673
27 JUNCTION 24.00 0.330 0.670
28 JUNCTION 24.00 0.333 0.667
29 JUNCTION 24 .00 0.238 0.762
30 JUNCTION 24.00 0.208 0.792
31 JUNCTION 24.00 0.183 0.817

khkhkkhkdkhkhkhkhkhhkhkhhrrhhxd &

Node Flooding Summary
IEEEEEEEREEE R SR E S RS L

Flooding refers to all water that overflows a node, whether it ponds or not.

Total Maximum

Maximum Time of Max Flood Ponded

Hours Rate Occurrence Volume Volume

Node Flooded CFS days hr:min 10%6 gal 1000 ft3
1 0.01 0.50 0 00:00 0.000 0.000
9 0.01 1.00 0 00:00 0.000 0.000
10 0«01 -+ 0'0 0 00:00 0.000 0.000
Tsdli 0 .01 1..:G0 0 00:00 0.000 0.000
12 0.01 1.00 0 00:00 0.000 0.000
13 0. 01 100 0 00:00 0.000 0.000
14 0.01 1.00 0 00:00 0.000 0.000
17 0.01 1.00 o} 00:00 0.000 0.000
18 0.01 1.00 0 00:00 0.000 0.000
19 O 0L 1.00 0 00:00 0.000 0.000

khkkFrhkAkdA Ak FA A A XA A A dA XA K d %%
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

Outfall Loading Summary

khkFdFxhhkdrdrhhkhkhkhkArhkhkhdhhhik

Flow Avg Max Total
Freq Flow Flow Volume
outfall Node Pcnt CFS CFS 10%6 gal
2 85.38 R 31.64 0.637
System 85.38 1.25 31.64 0.637
dhkhkhkhkhdddhdddhhdrhhh ki
Link Flow Summary
FhkAkKk*AAkEhkrAEhhAkhrdrixdhhkxkx
Maximum Time of Max Maximum Max/ Max/
|Flow| Occurrence |veloc| Full Full
Link Type CFS days hr:min ft/sec Flow Depth
1 CONDUIT 3.04 0 12:03 5.40 0.03 0.14
2 CONDUIT [ 0 1203 6. 55 0.06 0.21
3 CONDUIT 10.51 0 12:03 7.86 0.0¢% 0.28
4 CONDUIT 14 .48 0 12:04 9.24 0:12 052
5 CONDUIT 18.78 0 12:04 10.18 0.15 0.36
6 CONDUIT 22.61 0 12:04 10.80 0.18 0.40
7 CONDUIT 26.26 0 12:04 Ik 3. 0.21 0.44
8 CONDUIT 28.48 0 12:04 11.82 0.22 0.45
9 CONDUIT 30.20 0 12:04 It 92 0.24 0.47
10 CONDUIT 31.64 0 12:04 12 .61 0.24 0.47
11 CONDUIT 1.50 0 00:00 2.50 0:139 0.42
12 CONDUIT L 61 0 00:00 2455 0.20 0.48
1.3 CONDUIT 1:75 0 12:03 258 0.22 0.55
14 CONDUIT 1.83 0 12:04 2.61 023 0.56
15 CONDUIT 1.90 0 12:03 2.60 0.24 &. 57
16 CONDUIT 1.66 0 00:00 2.58 Q:;22 0.50
17 CONDUIT 1.61 0 00:00 2.56 0::2:0 0.47
18 CONDUIT 1.56 0 00:00 2.54 0.20 0.46
19 CONDUIT 1.58 0 00:00 253 0:18 0.43
20 CONDUIT 1.43 0 00:00 2.49 0.18 0.42
21 CONDUIT 2.16 0 12:03 2.62 027 0.60
22 CONDUIT 221 0 12:03 2.61 0.28 0.60
23 CONDUIT 2.26 0 12:03 262 0.29 0.61
24 CONDUIT 2,15 0 12:04 2564 0.27 0.60
25 CONDUIT 2.41 0 12:04 2.64 0...20 0.62
26 CONDUIT 2.45 0 12:05 24165 0.31 0.62
2 CONDUIT 2.49 0 12:05 2.65 Bi30 Q63
28 CONDUIT 1:5% 0 00:00 2585 0.20 0.46
29 CONDUIT 1.45 0 00:00 2.49 0.18 0.41
30 CONDUIT 1.37 0 00:00 2.43 017 0.36
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

EaE R e e o

Conduit Surcharge Summary
LR R E R SRR EEEE TR EEEEEEEE X

No conduits were surcharged.

Analysis begun on: Wed Sep 28 14:38:59 2016
Analysis ended on: Wed Sep 28 14:38:59 2016
Total elapsed time: < 1 sec
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

Link Flow Summary

Maximum Day of Hour of Maximum Max / Max /
|[Flow| Maximum Maximum |Velocity| Full Full
Link Type CFS Flow Flow fi/sec Flow Depth
1 CONDUIT 3.04 0 12:03 5.40 0.03 0.14
2 CONDUIT 6.51 0 12:03 6.55 0.06 0.21
3 CONDUIT 10.51 0 12:03 7.86 0.09 0.28
4 CONDUIT 14.48 0 12:04 9.24 0.12 0.32
5 CONDUIT 18.78 0 12:04 10.18 0.15 0.36
6 CONDUIT 22.61 0 12:04 10.80 0.18 0.40
7 CONDU]”I: 26.26 0 12:04 11.31 0.21 0.44
8 CONDUIT 28.48 0 12:04 11.82 0.22 0.45
9 CONDUIT 30.20 0 12:04 11.92 0.24 0.47
10 CONDUIT 31.64 0 12:04 12.61 0.24 0.47
1 CONDUIT 1,50 0o 00:00 250 0.19 0.42
12 CONDUIT 1.61 0 00:00 2.55 0.20 0.48
13 CONDUIT 1.75 0 12:03 2.59 0.22 0.55
14 CONDUIT 1.83 0 12:04 2.6l 0.23 0.56
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IPL Petersburg Landfill - Downchute Routing Max Drainage Area 25Yr, 24Hr Storm

Maximum Day of Hour of Maximum Max / Max /
|Flow| Maximum Maximum |Velocity| Full Full
Link Type CFs Flow Flow f/sec Flow Depth
15 CONDUIT 1.90 0 12:03 2.60 0.24 0.57
16 CONDUIT 1.66 0 00:00 2.58 0.21 0.50
17 CONDUIT 1.61 0 00:00 2.56 0.20 0.47
18 CONDUIT 1.56 0 00:00 2.54 0.20 0.46
19 CONDUIT 1.53 0 00:00 2.53 0.19 N 0.43
20 CONDUIT 1.43 0 00:00 2.49 0.18 0.42
21 CONDUIT 2.16 0 12:03 2.62 ().-271 0.60
22 CONDUIT 221 0 12:03 2.61 0.28 0.60
23 CONDUIT 2.26 0 12:03 2.62 0.29 0.61
24 CONDUIT 2.15 0 12:04 2.61 0.27 0.60
25 CONI-)U[T 241 0 12:04 2.64 0.30 0.62
26 CONDUIT 245 0 12:05 2.65 0.31 0.62
27 CONDUIT 249 0 12:05 2.65 0.31 0.63
28 CONDUIT 1.57 0 00:00 2:55 0.20 0.46
29 CONDUIT 1.45 0 00:00 2.49 0.18 0.41
30 CONbUIT 1.37 0 00:00 243 0.17 0.36
SWMM 5.1
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Reference 2: USGS Streamstats Drainage Areas
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Reference 3: USDA TR-55 Calculations
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Chapter 2

Estimating Runoff

SCS runoff curve number method

The SCS Runoff Curve Number (CN) method is de-
scribed in detail in NEH-4 (SCS 1985). The SCS runoff
equation is

(p-1,)’
Q= AT 9.1
(P - I;l ) +5 I ]
where

Q = runoff (in)

P =rainfall (in)

S = potential maximum retention after runoff

begins (in) and
I, = initial abstraction (in)

Initial abstraction (I,) is all losses before runoff
begins. It includes water retained in surface depres-
sions, water intercepted by vegetation, evaporation,
and infiltration. I, is highly variable but generally is
correlated with soil and cover parameters. Through
studies of many small agricultural watersheds, I, was
found to be approximated by the following empirical
equation:

I, =0.25 [eq. 2-2]
By removing L, 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:

(P-0.28)°
2 23
(P+08S) B

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:

1000
CN

S ~10 leq. 2-4]

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

Factors considered in determin-
ing runoff curve numbers

The major factors that determine CN are the hydro-
logic soil group (HSG), cover type, treatment, hydro-
logic condition, and antecedent runoff condition
(ARC). Another factor considered is whether impervi-
ous areas outlet directly to the drainage system (con-
nected) or whether the flow spreads over pervious
areas before entering the drainage system (uncon-
nected). Figure 2-2 is provided to aid in selecting the
appropriate figure or table for determining curve
numbers.

CN’'s in table 2-2 (ato 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 imper-
vious 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 predomi-
nantly of silts and clays, which generally have low
infiltration rates.

Any disturbance of a soil profile can significantly
change its infiltration characteristics. With urbaniza-
tion, native soil profiles may be mixed or removed or
fill material from other areas may be introduced.
Therelore, 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

Technical Release 55
Urban Hydrology for Small Watersheds

Manning's equation is:
2

1
_ 1.49r3s2
n

A% [eq. 3-4]

where:

V = average velocity (ft/s)
r = hydraulic radius (ft) and is equal to a/p,,
a = cross sectional flow area (ft?)
Pw = wetted perimeter (I1)
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, T, for the channel seg-
ment 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.

Limitations

e 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.

¢ In watersheds with storm sewers, carefully identify
the appropriate hydraulic flow path to estimate T...
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.

e The minimum T, used in TR-55 is 0.1 hour.

¢ A culvert or bridge can act as a reservoir outlet if
there is significant storage behind it. The proce-
dures 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
T, 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 T, first
determine T, 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
concenirated flow; unpaved; s = 0.01 ft/ft; and

L = 1,400 ft. Segment CD: Channel flow; Manning’s

n = .05; flow area (a) = 27 I1%;, wetted perimeter

(Pw) = 28.2 ft; s = 0.005 [UIt; and L = 7,300 ft.

See figure 3-2 for the computations made on
worksheet 3.

100 ft,__ 1,400 ft 7,300 ft
B c

(Not to scale)

34 (210-VI-TR-55, Second Ed., June 1986)



Reference 4: NOAA Atlas 14 Rainfall



9/28/2016 Precipitation Frequency Data Server

NOAA Atlas 14, Volume 2, Version 3
Location name: Petersburg, Indiana, USA*
Latitude: 38.5303°, Longitude: -87.2396°

Elevation: 561.3 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 | PE_graphical | Maps_&_aerials

PF tabular
| PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)!
. I Average recurrence interval (years)
Duration —
1 | 2 5 | 10 [ 2 5 | 100 [ 200 | 500 [ 1000
5emi 0.394 0.467 0.554 0.624 0.713 0.783 0.851 0.923 1.02 1.09
=minh (0.362-0.431) |(0.429-0.511) |(0.509-0.606) |(0.570-0.681) |(0.649-0.777) |(0.710-0.852) ((0.768-0.926) |(0.827-1.00) |(0.906-1.11) |(0.964-1.19)
10-mi 0.613 0.729 0.861 0.963 1.09 1.19 1.28 1.38 1.50 1.59
AN (0.563-0.669) |(0.670-0.798) {(0.791-0.941)/| (0.880-1.05) | (0.993-1.19) | (1.08-1.29) | {1.16-1.39) (1.24-1.50) | (1.33-1.63) | (1.40-1.73)
15mi 0.751 0.891 1.06 3 1.19 1.35 1.47 1.59 1.71 1.87 1.98
AN (0.690-0.820) |(0.819-0.976) | (0.971-1.16) || (1.08-1.20) | (1.23-1.47) | (1.33-1.60) /| (1.44-1.73) |(1 .54-1.86) | (1.66-2.03) | (1.75-2,16)
30-mi 0.993 1.19 1.45 | 1.65 1.90 210 2.30 2.50 277 297
Anin (0.913-1.08) | (1.10-1.31) | (1.33-1.58) | (1.50-1.79) | (1.73-2.07) | (1.90-2.29) | (2.07-2.50) |(2.24-2.72) |(2.46-3.01) | (2.63-3.24)
60-mi 1.21 1.46 1.82 j 2,09 247 277 3.07 3.39 3.83 418
-min (1.11-1.32) [ {1.34-1.60) | (1.67-1.99) | (1.91-2.28) | (2.25-2.69) | (2.51-3.01) || (2.77-3.34) |[(3.04-3.69) |(3.40-4.17) | (3.69-4.55)
2.h 1.45 1.75 2.20 | 2,55 3.04 3.44 3.85 4.29 4.90 5.38
-hr (1.32-1.58) | (1.60-1.92) | (2.01-2.40) | (2.33-2.78) | (2.76-3.31) | (3.10-3.74) | (3.46-4.19) |(3.84-4.67) |(4.35-5.33) | (4.75-5.86)
1.54 | 1.86 2.34 | 2.73 3.27 3.72 4.19 4.69 540 5.98
3-hr (1.42-1.68) || (1.71-2.04) | (2.14-2.55) || (2.49-2.97) | (2.97-3.56) | (3.36-4.04) | (3.77-4.55) |(4.19-5.09) | (4.78-5.85) | (5.25-6.48)
6 1.87 i 2.25 2.82 3.28 3.94 4.48 5.05 5.66 6.52 7.22
-hr (1.72-2.05) || (2.07-2.47) | (2.58-3.09) || (3.00-3.59) | (3.58-4.30) | (4.05-4.88) | (4.54-5.50) | (5.05-6.15) | (5.76-7.09) |(6.32-7.85)
12-h 221 2,67 3.31 3.84 4.58 5.18 5.81 6.48 7.42 817
atll (2.04-242) | (2.45-2.92) | (3.04-3.62) | (3.51-4.18) | (4.17-4.98) | (4.71-5.63) || (5.26-6.31) |(5.83-7.04) |(6.61-8.06) | (7.23-8.88)
24-h 2,63 347 3.95 | 4,58 5.49 6.24 7.04 7.89 9.12 10.1
B (2.46-2.83) || (2.96-3.40) | (3.68-4.24) || (4.26-4.92) | (5.05-5.93) | (5.68-6.79) | (6.32-7.73) |(6.98-8.78) (7.86-10.4) | (8.54-11.7)
2 3.14 3.77 4.66 i 5.39 6.43 7.29 8.20 9.18 10.6 1.7
ay (2.93-3.37) | (3.51-4.05) | (4.33-5.01) : (4.99-5.81) | (5.88-7.00) | (6.60-8.00) | (7.32-9.13) |(8.04-10.4) | (9.02-12.3) | (9.77-14.0)
34 3.36 4.03 4.97 5.75 6.85 7.76 8.72 9.75 12 124
ay (3.13-3.60) | (3.75-4.33) | (4.62-5.35) || (5.33-6.20) | (6.27-7.45) | (7.03-8.51) | (7.79-9.70) | (8.56-11.0) [(9.60-13.0) | (10.4-14.7)
ad 3.58 4.29 5.29 [ 6.11 7.28 8.23 9.25 10.3 1.9 1341
ay (3.33-3.84) | (4.00-4.61) | (4.92-5.69) | (5.66-6.59) | (6.67-7.91) | (7.47-9.03) | (8.27-10.3) |(9.09-11.86) [(10.2-13.7) |(11.0-15.5)
74 4.18 5.00 6.14 7.06 8.37 9.44 10.6 11.8 13.5 14.9
ay (3.90-4.48) || (4.67-5.37) | (5.70-6.61) | (6.53-7.64) | (7.65-9.13) | (8.54-10.4) | (9.44-11.8) |(10.3-13.4) | (11.5-15.8) |(12.4-17.8)
10-d 4.73 5.66 6.93 7.96 9.40 10.6 11.8 131 149 16.4
ay (4.43-5.07) /| (5.30-6.07) | (8.46-7.45) | (7.38-8.59) | (8.62-10.2) | (9.59-11.6) | (10.6-13.1) |(11.5-14.8) | (12.8-17.3) |(13.8-19.5)
20-d 6.51 7.74 9.28 10.5 12.2 134 14.8 16.1 17.9 19.3
ay (6.12-6.92) | (7.28-8.24) | (8.70-9.89) | (9.79-11.2) | (11.3-13.1) | (12.3-14.6) | (13.4-16.2) |(14.4-17.9) | (15.8-20.4) | (16.8-22.4)
30d 8.02 | 9.47 11.2 12.5 14.3 15.7 17.0 184 20.2 216
ay (7.57-8.49) | (8.95-10.0) | (10.5-11.9) || (11.7-13.3) | (13.3-15.3) | (14.5-16.9) | (15.6-18.6) |(16.7-20.3) (18.0-22.8) |(19.0-24.8)
45d 10.1 | 11.9 13.9 15.5 17.5 19.1 206 222 24.2 25.7
ay (9.54-10.7) || (11.2-12.6) | (13.1-14.7) | (14.5-16.4) | (16.4-18.7) | (17.7-20.5) | (19.0-22.4) |(20.2-24.3) |(21.7-26.9) | (22.8-29.1)
60-d 12.0 14.1 16.5 ‘ 18.2 20.5 223 239 256 27.7 29.2
ay (11.4-12.7) | (13.4-14.9) | (15.6-17.4) | (17.2-19.3) | (19.2-21.8) | (20.7-23.8) | (22.1-25.8) |(23.4-27.9) |(25.0-30.6) | (26.1-32.7)
1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimales 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.

Back to Top _

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.htmlPat="38.5303&lon=-87.2396&data=depth&units=english&series=pds 1/4
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Precipitation depth (in)

Precipitation depth (in}

NOAA Atlas 14, Volume 2, Version 3

http://ndsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=38.5303&lon=-87.2396&data=depth&units=english8series=pds

Precipitation Frequency Data Server

PF graphical

PDS-based depth-duration-frequency (DDF) curves
Latitude: 38.5303°, Longitude: -87.2396°
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Reference 5: Indiana Floodplain Information Portal
(INFIP) Report



Indiana Floodplain Information Portal Report

Point of Interest Map Legend

:ffectwe Flood Zone: ﬁ Boinit of Interast

Preliminary Flood Zone: @ Nearest Point on Stream

N/A

Best Available Flood Zone: Effective Flood Zone

A

Approximate Flood Elevation: J:] 0.2% Annual Chance Flood Hazard

429.6ft NAVD88 —_—

Source: Rt _| 1% Annual Chance Flood Hazard - Zone A (Approximate Study
Zone A Model Delineation E___ 1% Annual Chance Flood Hazard - Zone AE {Detailed Study)
Nearest Stream: ‘ 1% Annual Chance Flood Hazard - Floodwa

WHITE RIVER L—_‘l r g

i_ | 1% Annual Chance Flood Hazard - Zone AH
I _| 1% Annual Chance Flood Hazard - Zone A0
% Zone X - Protected by Levee

Site Map with

Effective Flood Zone

8

Lo

Approximate scale 1:24,000

Disclaimer

This data is a digital representation of the former paper Flood Insurance Rate Maps (FIRMs) for counties that have completed the
Map Modernization Initiative. The data on counties derived from the official FEMA digital products {DFIRM) represent official
FEMA designations of the Special Flood Hazard Areas. This data can be used for official National Flood Insurance Program (NFIP)
purposes in accordance with the FEMA Mitigation Directorate Policy document tiled "Use of Digital Flood Hazard Data" dated
November 29, 2007. For the non-modernized counties, the Effective is enhanced by the addition of the floodplain data from
digitized paper copies of the FIRMs and the information should be considered advisory only. For these non-modernized counties,
the paper maps are the official FEMA documents for regulatory and insurance purposes, Once the NFHL is official, the Effective is
updated with the newly published information. For the status of counties published by FEMA please see

http://www.floodmaps.fema.gov/NFHL/status.shtml.
Generated on Thursday September 29th 2016 at 10:21:25am



Appendix E: Surface Water Control and Design Plan Sheets

SHEET NO. DESCRIPTION
*IPL 008-00-8-Y-D-42AF Final Cover Conditions - Surface Water Control Plan
*Detail 1-1 Terrace Channel Design
*Detail 5-5 Riprap Downchute Channel Design
*Detail 6-6 Downchute Channel Profile

*Plan sheets from previously approved Indiana Department of Environmental Management
(IDEM) Restricted Waste Type |l Landfill application
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