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RUN-ON AND RUN-OFF CONTROL SYSTEM PLAN 
ROCKPORT RESTRICTED WASTE LANDFILL 

Updated: September 1, 2026 
 
 

1.0 - Introduction 
 
Federal Regulation Title 40, Part 257.81 requires the owner or operator of an existing or new 
CCR landfill or any lateral expansion of a CCR landfill must comply with the following: 
 
1. Design, construct, operate, and maintain: 

a.  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. 

b. 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. 

2. Run-off from the active portion of the CCR unit must be handled in accordance with the 
surface water requirements under §257.3-3 

3. Prepare initial and periodic run-on and run-off control system plans for the CCR unit 
according to the following timeframes: 

a. For existing CCR landfills, the owner or operator of the CCR unit must prepare the 
initial run-on and run-off control system plan no later than October 17, 2016. 

b. The owner or operator of the CCR unit must prepare periodic run-on and run-off 
control system plans every five (5) years.  

4. Obtain a certification from a qualified professional engineer stating that the initial and 
periodic run-on and run-off control system plans meet the requirements of this section. 

5. Comply with the recordkeeping requirements specified in §257.105(g), the notification 
requirements specified in §257.106(g), and the internet requirements specified in 
§257.107(g). 

 
This Run-on and Run-off Control System Plan presents the regulatory-required materials as 
noted above. This document is the 5-year update to the initial document that was prepared 
and certified on September 13, 2016.  It is prepared for the existing American Electric Power 
Rockport Restricted Waste Landfill, Rockport, Spencer County, Indiana.  The design of run-
on and run-off control measures were completed as part of previous landfill permit 
modifications: 
 

 An IDEM minor modification approval in October 2009 redesigned about 180 acres 
(East half of the permitted landfill, Storage Area 1A) resulting in reduced landfill 
footprint with revised final grade configuration incorporating final cap and perimeter 
drainage channels. 

 
 An IDEM minor modification approval in August 2012 redesigned about 100 acres of 

the Storage Area 1A landfill upgrading the area to accept Type 1 ash incorporating 
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composite liner with leachate collection system.  This redesign did not change the 
previous redesigned final grade configuration with final cap and perimeter drainage 
channels.  
 

 An IDEM minor modification approval in August 2022 to revise the final cover system 
components design to comply with federal coal combustion residual (CCR) 
requirements. This redesign also did not change the previous redesigned final grade 
configuration with final cap and perimeter drainage channels. 

 
The landfill operation has installed and is maintaining many of the planned storm water control 
measures discussed in this plan.  Attached Figure 1 - Erosion and Sediment Control Details in 
Appendix 1 illustrates the landfill complex showing the storm water drainage systems as of 
March 2026 along with erosion and sediment control measures. 
 

2.0 - Run-on Controls 
 
The run-on control system to prevent flow onto the active portion of the landfill during the 
peak discharge from a 24-hour, 25-year storm must consider site conditions around the 
landfill outside of the landfill footprint as well as site conditions with-in the landfill footprint.   
 
2.1 Run-On Control Outside the Landfill Footprint  
Perimeter drainage channels around the landfill provide controls to handle run-on from outside 
the landfill footprint.  Because the area around the landfill is flat, there is limited potential 
storm water drainage directed toward the landfill.  The series of perimeter drainage channels 
were designed to handle the run-off from closed landfill areas as their primary purpose.  These 
perimeter channels are constructed along with perimeter containment berms that define the 
limits of the landfill ash disposal area/footprint.  The perimeter channels, see Figure 1 for 
locations, direct flow to the north to Shaffer Drain and to the south to the Southwest Ditch.  
Both of these channel systems flow to the west and south to tributaries of Honey Creek, which 
in turn flows to the Ohio River. 
 
Surface water drainage calculations were performed to size the side slope benches and down 
slope channels incorporated in the final grade and the perimeter channel around the Storage 
1A landfill footprint.  Storm water drainage calculations used a 25-year, 24-hour storm event 
to generate storm water runoff from a vegetated final grade surface.  See Storm Water 
Management System in Appendix 2 for further details and design calculations. 
 
The side slope channels were designed to be 20 feet wide and have an irregular “V” shape, 
having one side slope at 3H:1V and the other side slope at 10H:1V to provide a semi-level 
surface that can be used for appropriate vehicles to travel.  The benches slope at a 0.5% 
grade to down-slope channels that have a trapezoidal shape with a 6-ft-wide bottom, 3H:1V 
side slopes, and will be approximately 1-ft-deep. 
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A perimeter drainage channel system handles storm water runoff flow from the down slope 
channels and the final cover cap.  The perimeter channels have a trapezoidal shape with a 6-
ft-wide bottom, 3H:1V side slopes, and are 2 to 2.5 feet deep.  The channel are sloped at 
0.25% to 0.3%. 
 

2.2 Run-On Control Inside the Landfill Footprint  
Within the landfill footprint, limited run-on controls are planned through a site-filling phasing 
plan that consists of five development and filling phases.  This phasing plan results in 
constructing specific areas to accept ash waste disposal operations while other areas are 
either un-constructed, being prepared for waste acceptance, have ash waste disposal and are 
in temporary closed condition, or are filled and in final closed condition.  All phases incorporate 
perimeter containment berms that are either permanent berms or temporary internal berms 
to control run-on.  Run-on controls are planned specific to each phase condition as detailed 
below and as presented on attached Figures 2 through 5 in Appendix 1 - Phases 1, 2, 3, 4 & 
5 Active Ash Filling Sequence. 
 
2.2.1 Phase 1 Active Filling 
Phase 1 active filling occurs in the southwest corner of the Storage 1A area and consists of 
previously constructed cells 1B, 2, and 3. Run-on controls within the landfill are provided by 
Cell 1B having a divider to Cell 1A; Cell 1A grades slope to the north away from the Phase 1 
filling area.  The south and west sides of the phase have permanent containment berm with 
perimeter drainage channels construction along the outboard side of the berm.  Along the 
north side of Phase 1 is a temporary access road with drainage channel adjacent to the 
temporary containment berm; the channel directs stormwater flow to the west to a perimeter 
drainage channel.   
 
Run-on controls for the Phase 1 Closure are presented on the attached Figure 8 – Phase 1 
Closure Final Grading Plan and include diversion channels installed on the side slope benches 
on the west and south sides, on the plateau at the east boundary with Phase 2, and along the 
toe of slope along the north boundary.  The south and east diversion channels will be routed 
to a downslope channel on the south slope that will discharge to the south perimeter channel.  
The west and north diversion channel, along with a diversion channel installed along the inside 
edge of the Phase 1 access road, will be routed to a channel at the toe of slope at the 
northwest corner that will discharge to the west perimeter channel. 
 
2.2.2 Phase 2 Active Filling 
Phase 2 active filling occurs in the eastern part of the Storage 1A area and consists of 
previously constructed Cells 1A, part of 4A, and 5. This phase extends north-south across the 
entire landfill footprint.  The east side of this phase is previously closed landfill area that is 
graded away from the Phase 2 area radially to the north, east, and south.  The north side has 
a permanent containment berm and perimeter channel while the south side is closed landfill 
slope that incorporates final graded drainage channel benches.  Along the west side is a 
temporary containment berm and the area to the west is graded-landfill areas with temporary 
cover that slope to the north and west away from the Phase 2 area.  The east diversion 
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channel for the Phase 1 Closure will provide for run-on control from that phase adjoining on 
the west side. 
 
2.2.3 Phase 3 Active Filling 
Phase 3 active filling occurs in the northwest corner of the Storage 1A area and consists of 
previously constructed cells 4A and 4B. Run-on controls for this phase are provided by 
permanent containment berms with perimeter drainage channels construction along the 
outboard side of the berm to the north and west. Along the south side is a temporary 
containment berm and the area to the south is graded-landfill areas with temporary cover 
that slopes to the west away from the Phase 3 area. This phase will fill against temporary 
slope of Phase 2 along the east side and will manage runoff from this area as run-off control 
within the phase.  Phase 2 top plateau finish grade will slope away from the Phase 3 filling 
area. 
 
2.2.4 Phase 4 Active Filling 
Phase 4 active filling occurs in the west-central portion of the Storage 1A area and consists 
of previously constructed cells 6 and 7. Run-on controls for this phase are provided by 
permanent containment berm with perimeter drainage channel construction along the 
outboard side of the berm to the west.  This phase will fill against temporary slopes of Phases 
1, 2, and 3 to the south, east, and north and will manage runoff from these slopes as run-off 
control within the phase.  The top plateau finish grade of Phase 2 and temporary top plateau 
of Phases 1 and 3 will slope away from the Phase 4 filling area. 
 
2.2.5 Phase 5 Active Filling 
Phase 5 active filling area is the final active filling area for the Storage 1A area and will occur 
over the Phases 1, 3 and 4 areas completing these areas from the temporary top plateau level 
to finish landfill grade.  Run-on will come from along the east side where Phase 2 consists of 
temporary and finish grades.  The finished and closed top plateau will slope away from Phase 
5.  The active Phase 5 filling will be against the temporary slope of Phase 2 and run-off from 
this slope will be handled within the phase. 
 

3.0 - Run-off Controls 
 
The run-off control system to prevent flow (contact water) from leaving the active portion of 
the landfill during the peak discharge from a 24-hour, 25-year storm considers site conditions 
within active filling areas.  Run-off control consists of the following aspects: 
 

 Perimeter containment berms 
 Leachate collection system 
 Leachate treatment system 
 Ash filling operation 

 
Perimeter containment berms that are either permanent or temporary are provided around 
the active filling area to control run-on as discussed above but also serve to control run-off.  
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The landfill includes a collection system for contact water (referred to as leachate collection 
system) that encompasses a drainage layer and perforated collection pipe which are part of 
the landfill basil liner system.  Collected contact water is managed by a series of chimney 
drains, the leachate collection pipes, conveyance pipes, leachate treatment ponds, and final 
regulated discharge outlet.  Ash filling operation is managed such that contact water is 
directed to the collection system features.  The run-off control features are presented on the 
attached, Figure 7 - Leachate Collection System, in Appendix 1, that is part of from the Minor 
Modification plan set.  The following further describes the run-off control components. 
 

3.1 Perimeter Containment Berms 
The perimeter containment berms are constructed around the active-phase filling areas and 
are either permanent or temporary features.  These berms serve to contain the limits of active 
ash filling and provide a barrier and collection point for run-off control.  The leachate collection 
system and ash filling operation use the berms as part of their control systems as described 
below. 
 

3.2 Leachate Collection System 
The leachate collection system consists of 2-ft-thick drainage layer over the landfill composite 
liner system and a network of 12-inch-diameter perforated collection pipes.  The composite 
liner system and leachate collection pipe network slope to low points located at the 
containment berms where the collected run-off flows into conveyance pipes for the leachate 
treatment system.  The leachate collection pipe network spacing is a function of the base 
grade liner slope, drainage layer permeability, and flow distance to collection pipes.  The 
Hydraulic Evaluation of Landfill Performance (HELP) model was used in evaluating the pipe 
spacing with respect to contact water percolation to the leachate collection drainage layer, 
the minimum liner slope and a selected pipe spacing or flow distance to a collection pipe.  See 
Appendix 2 for design calculations. 
 
Design of the chimney drains considered a 25-year, 24-hour storm event and a drainage area 
of approximately 4 acres.  This resulted in a controlled discharge of storm water into the 
chimney drain and down to the leachate collection pipes.  Where possible, the chimney drains 
are positioned above the perforated leachate collection pipe.   
 

3.3 Conveyance Piping to Treatment Ponds 
The leachate collection systems drain toward the western and northern perimeter of the 
landfill area where the pipes penetrate the landfill liner and continue to drain in conveyance 
piping toward the leachate treatment ponds.  The pipes outside the limits of the landfill liner 
are contained within an outer containment pipe.  The leachate pipes exiting the landfill are 
12-inch-diameter HDPE SDR 17 pipe with an outer containment pipe being 18-inch-diameter 
HDPE SDR 17 pipe.  The conveyance pipe slope at minimum 0.25% slope or greater toward 
the leachate treatment ponds.  Manholes are provided at pipe connections and bends. 
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3.4 Leachate Treatment Ponds 
Two leachate treatment ponds serve the landfill operation; one to the west of the landfill (west 
pond) and one to the north of the landfill (north pond).  The ponds were sized to handle the 
runoff from the landfill base on a 25-year, 24-hour storm for a maximum 50 acres of open 
exposed waste.  Hydrologic runoff analysis using Haestad Method’s PondPack software 
program estimated a runoff rate and volume for this condition.  The ponds are approximately 
8 feet deep to provide storage of the total storm event runoff with an approximate 2-ft free 
board.  Leachate drains from the pond through a valve vault into a pumping manhole where 
it is pumped into the existing 002 treatment pond that has an approved NPDES discharge.  
See Appendix 2 for design calculations. 
 
3.5 Ash Filling Operation 
The ash filling operation must be performed in a manner to provide run-off control within the 
disposal cell such that the contact surface water reaches the leachate collection system.  This 
involves grading the placed ash in a controlled manner to direct contact surface water flow 
toward the chimney drain structures in the interior portions of the disposal area.  Ash grading 
must be directed away from the outboard slopes.  On the outboard slopes the contact surface 
water must be provided a collection point at the bottom of the slope where the drainage layer 
is placed up the inboard side of the containment berm; in these situations the ash placement 
must be kept back away from the drainage layer to not cover it.  In situations where the 
outboard slope is ready for closure, a drainage channel must be provided at the top level of 
the placed closure cap to collect contact surface water and direct that flow to a location where 
it can enter the leachate collection system. 
 

4.0 - Plan Review and Changes in Facility Configuration 
 
Landfill Owner and/or Operator will review and evaluate this Plan every five (5) years from 
initial plan preparation and when there are changes in the facility design, construction, 
operation, or maintenance that materially affect the facility’s potential for run-on and run-off 
control: Amendments to the Plan must be certified by a P.E.  Non-technical amendments can 
be performed by the facility owner and/or operator and may not need P.E. certification.   
 
Owner/Operator will make the necessary revisions to the Plan as soon as possible, but no 
later than six months after the change occurs.  The Plan must be implemented as soon as 
possible following a technical amendment, but no later than six months from the date of the 
amendment.  All scheduled reviews and Plan amendments will be recorded in the Plan Review 
Log provided in Appendix 3.  The log will be completed even if no amendment is made to the 
Plan as a result of the review.   
 

5.0 - Professional Engineer Certification 
 
The original plan and all reviews and amended plans must obtain certification from a qualified 
professional engineer stating that the initial and periodic run-on and run-off control system 
plans meet the requirements 40 CFR 257.  This certification in no way relieves the owner or 
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operator of the facility of his/her duty to fully implement this Plan.  The Profession Engineer 
Certification page is provided in Appendix 4. 
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MEMORANDUM 
 

SUMMARY OF CONTACT WATER MANAGEMENT SYSTEM DESIGN 

ROCKPORT PLANT RESTRICTED TYPE I WASTE LANDFILL 

ROCKPORT, SPENCER COUNTY, INDIANA 

 

Prepared by: Bruce E. Rome, P.E. 

  Senior Engineer/Project Manager 

  Terracon Consultants, Inc. 

 

Introduction 

This Memorandum Summary provides an explanation of the design for managing storm water 

runoff which results in contact water needing to be contained and discharged through the on-site 

permitted NPDES outlet.  Generation of contact water comes from active-open waste disposal 

areas.  The landfill was designed to consist of five (5) phases where there would be active-open 

waste disposal.  During active-open conditions, storm water runoff over placed-ash on the plateau 

surfaces is collected at chimney drains which are connected to the contact water collection system 

positioned on the Type I liner.  Storm water runoff on the outboard perimeter slope is collected by 

perimeter containment berms where the runoff drains into liner drainage layer. 

 

Other forms of contact water drainage may occur which include percolation through the place-ash 

during open cell active operations or in closed/covered areas.  Contact water drainage will have 

limited infiltration into the placed-ash with percolation down through the ash to the basal contact 

water collection system.  During closed/covered conditions, storm water will result in limited 

infiltration through the cover soil and then through the placed-ash to the basal contact water 

collection system.  Because this volume is expected to be minimal, it has not be considered in 

the overall performance of the drainage system.   

 

Designing the system is primarily a storm water drainage analysis since the majority of the contact-

water generation is by runoff from the placed ash surface.  A water balance analysis (HELP model) 

was completed to check the performance of the liner drainage system for handling contact water that 

percolates through the in-placed ash to confirm compliance with the regulations of a less than or 

equal to 12-inch-head on the liner.  The HELP model analysis determined the required drainage 

layer hydraulic conductivity needed to comply with the regulations. 

 

To handle contact water runoff from the active landfill areas, two treatment ponds were planned; 

one to the west of the landfill located just south of the existing contact water treatment pond (002 

Pond) and one to the north of the proposed landfill.  Both treatment ponds are sized to hold the 

runoff from a 25-year, 24-hour storm event for an approximate 50-acre open waste disposal area.  

Runoff curve number of 90 was used in the analysis to simulate a bare nearly impermeable 
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surface with some shallow depressions that slow surface runoff.  These ponds are lined with the 

Type I composite liner system consisting of 2 feet of 1x10-7 cm/sec compacted clay and 30-mil 

geomembrane layer.  They each have three interconnected basins that have controlled discharge 

standpipes to allow ash particles to settle out before the contact water is pumped to the 002 pond 

for final treatment and discharge through the permitted NPDES outlet. 

 

The design of the chimney drains and sizing the two treatment ponds are explained below. 

 

Chimney Drains 

Managing storm water runoff will consist of directing surface contact water toward a series of 

chimney drains to be located in the active cells.  The chimney drains are planned to provide a 

means for storm water runoff to drain down to the contact water collection pipe system.  Waste 

disposal operations must place the fly ash in an active disposal cell such that they maintain a 

slope toward the chimney drains.  The chimney drains were designed to be first level of storm 

water runoff and sediment control with the intent that some short-term storage/detention will occur 

around the chimney drain.  This allows time for fly ash to settle out before draining through the 

system.  It also is intended to delay the peak runoff entering the conveyance system that drains 

to the treatment pond.  Design of the chimney drains considered a 25-year, 24-hour storm event 

and a drainage area of approximately 4 acres. 

 

The chimney drains nominally consist of a 3 foot or 4 foot diameter perforated standpipe filled 

with No. 57 non-calcareous aggregate and are set just above the composite liner and connect to 

the contact water drainage layer and collection piping.  The outside of the perforated pipe is 

wrapped with a geotextile filter fabric and then bottom ash is placed around the outside perimeter 

of the chimney drain to at least a 2-ft.-thickness horizontally from the pipe.  Perforations in the 

chimney drain consist of approximately six 2-inch-diameter holes per foot around the chimney 

drain pipe.  Silt fencing may also be placed around the chimney drains to be the first control 

measure for sediment runoff control. 

 

Hydrographic and hydraulic calculations for the chimney drains are provided below as Figure 1. 

 

Treatment Ponds 

The two treatment ponds, as previously mentioned, were designed to handle a 25-year, 24-hour 

storm event.  Estimation of runoff was completed based on SCS Unit Hydrograph analysis using 

an SCS Curve Number = 90.  The holding capacity of each pond was checked based on the 

Normal Water Level which is set by the shut-off elevation in the pump stations. 
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Storage capacities for each pond from the Normal Water Level up to the Emergency Spillway are: 

 

West Pond Storage:  3,423,160 Gallons - [457,642 cubic feet or 10.5 acre-feet] 

North Pond Storage: 4,602,986 Gallons - [615,360 cubic feet or 14.1 acre-feet] 

 

See Figure 2 for calculation of pond capacities. 

 

The following table lists the projected runoff per phase and status of pond capacity 

Phase Runoff Volume To Pond Results* 

1 3,909,946 Gallons West Short 486,786 Gallons (1.5 ac-ft.) 

2 5,148,095 Gallons North Short 545,109 Gallons (1.67 ac-ft.) 

3 2,736,962 Gallons North Have capacity 

4 2,541,465 Gallons West Have capacity 

5 3,975,111 Gallons Each 

Short 551,951 Gallons in West Pond 

Have capacity in North Pond 

Overall combining the two ponds have capacity 

*Based on no discharge through outlet standpipe. 

See Figure 3 for Hydrologic Storm Water Runoff Analysis results 

 

An analysis was performed to see what storm event the ponds could handle if they were pumped 

down for one week after a significant storm event. 

 

At 200 gpm for 24 hours/7 days = pump 2,016,000 gallons out of pond 

At 400 gpm for 24 hours/7 days = pump 4,032,000 gallons out of pond 

At 200 gpm for 8 hours/7 days = pump 672,000 gallons out of pond 

At 400 gpm for 8 hours/7 days = pump 1,344,000 gallons out of pond 

 

Phase Pond 
200 gpm 

(24/7) 

400 gpm 

(24/7) 

200 gpm 

(8/7) 

400 gpm 

(8/7) 

1 West ~ 2 Year 25 year < 1 Year < 1 Year 

2 North < 1 Year 5 year < 1 Year < 1 Year 

3 North 5 Year 25 Year < 1 Year 1 Year 

4 West ~ 10 Year 25 Year < 1 Year ~ 1 Year 

5 Each ~ 2 Year 25 Year < 1 Year < 1 Year 
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Flow through the treatment pond basins consists of standpipes for drainage to the next adjoining 

basin and into the final pump station manhole.  An orifice analysis was completed to estimate the 

flow capacity of the standpipes.  The final standpipe was designed to have sufficient flow to the 

pump station for a minimum 200 gpm pumping rate. The analysis determined the number of drain 

holes per row and the drain-hole diameter. The final outlet standpipes were constructed using 

1.5-inch-diamter drain holes.  Figure 4 provides the standpipe flow rate review.  

 

Each treatment pond includes an emergency spillway.  The spillways were designed based on 

the difference between a 25-year storm runoff flow rate and a 100-year storm runoff rate.  The 

spillway was designed based on the largest runoff condition which is Phase 2 when there is the 

largest drainage area flowing to a single treatment pond; the North Pond.  Both pond spillways 

were sized based on this calculation.  The calculations first determined the runoff flows for each 

of the storm events.  The SCS method was used to estimate the runoff.  The pond was planned 

to hold the 25-year event, therefore the resulting difference between the flows (100 year minus 

25 year runoff), was then used to size the emergency spillway using the Manning’s formula with 

riprap lining. The spillway shape was set such that vehicles can cross over the spillway.  Figure 

5 provides calculation detail for runoff determination and sizing the trapezoidal-shaped spillway 

with riprap lining. 

 

Closing Remarks 

This summary of the contact water management system has explained the overall approach with 

details for the chimney drains and treatment ponds.  Figures 1 through 5 provide details on 

specific calculations.   
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FIGURES 
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Figure 1 – Chimney Drain Hydraulic Analysis 
 

RUNOFF HYDROGRAPHS BASED ON 4 ACRES 

 

               HYG Tag  = 5 YR   

               ----------------------------------- 

               Peak Discharge =         8.66 cfs 

               Time to Peak   =      12.0000 hrs 

               HYG Volume     =         .764 ac-ft 

               ----------------------------------- 

 

               HYG Tag  = 10 YR  

               ----------------------------------- 

               Peak Discharge =        10.56 cfs 

               Time to Peak   =      12.0000 hrs 

               HYG Volume     =         .939 ac-ft 

               ----------------------------------- 

 

               HYG Tag  = 25 YR  

               ----------------------------------- 

               Peak Discharge =        12.80 cfs 

               Time to Peak   =      12.0000 hrs 

               HYG Volume     =        1.148 ac-ft 

               ----------------------------------- 

 

               HYG Tag  = 50 YR  

               ----------------------------------- 

               Peak Discharge =        14.73 cfs 

               Time to Peak   =      12.0000 hrs 

               HYG Volume     =        1.331 ac-ft 

               ----------------------------------- 

 

               HYG Tag  = 100 YR 

               ----------------------------------- 

               Peak Discharge =        16.34 cfs 

               Time to Peak   =      12.0000 hrs 

               HYG Volume     =        1.485 ac-ft 

 

 

CHIMINEY DRAIN UNIT 

          Structure         No.        Outfall    E1, ft     E2, ft 

      -----------------    ----        -------  ---------  --------- 

      Stand Pipe            SP    --->    LP      20.000     20.000 

      Orifice-Circular      H1    --->    LP      19.000     20.000 

      Orifice-Circular      H2    --->    LP      18.000     20.000 

      Orifice-Circular      H3    --->    LP      17.000     20.000 

      Orifice-Circular      H4    --->    LP      16.000     20.000 

      Culvert-Circular      LP    --->    TW       1.000     20.000 
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                 Structure ID      = SP 

                 Structure Type    = Stand Pipe 

                 ------------------------------------ 

                 # of Openings     =         1 

                 Invert Elev.      =     20.00 ft 

                 Diameter          =    3.0000 ft 

                 Orifice Area      =    7.0686 sq.ft 

                 Orifice Coeff.    =      .600 

                 Weir Length       =      9.42 ft 

                 Weir Coeff.       =      .950 

                 K, Submerged      =      .000 

                 K, Reverse        =     1.000 

 

 

                 Structure Type    = Orifice-Circular 

                 ------------------------------------ 

                 # of Openings     =         6 

                 Diameter          =     .1667 ft (2 inches) 

                 Orifice Coeff.    =      .600 

 

                 Structure ID      = H1  Invert Elev.      =     19.00 ft 

                 Structure ID      = H2  Invert Elev.      =     18.00 ft 

                 Structure ID      = H3  Invert Elev.      =     17.00 ft 

                 Structure ID      = H4  Invert Elev.      =     16.00 ft 

 

                 Structure ID      = LP 

                 Structure Type    = Culvert-Circular 

                 ------------------------------------ 

                 No. Barrels       =         1 

                 Barrel Diameter   =    1.0000 ft 

                 Upstream Invert   =      1.00 ft 

                 Dnstream Invert   =       .00 ft 

                 Horiz. Length     =    200.00 ft 

                 Barrel Length     =    200.00 ft 

                 Barrel Slope      =    .00500 ft/ft 

 

 

                  ***** COMPOSITE OUTFLOW SUMMARY **** 

   WS Elev, Total Q                            Notes 

   ----------------  -------- Converge ------------------------- 

    Elev.      Q      TW Elev  Error 

     ft       cfs        ft    +/-ft   Contributing Structures 

  --------  -------  --------  -----  -------------------------- 

    16.00       .00   Free Outfall      (no Q: H3,H2,H1,SP,H4,LP) 

    16.50       .41   Free Outfall     H4,LP  (no Q: H3,H2,H1,SP) 

    17.00       .60   Free Outfall     H4,LP  (no Q: H3,H2,H1,SP) 

    17.50      1.16   Free Outfall     H3,H4,LP  (no Q: H2,H1,SP) 

    18.00      1.48   Free Outfall     H3,H4,LP  (no Q: H2,H1,SP) 

    18.50      2.14   Free Outfall     H3,H2,H4,LP  (no Q: H1,SP) 

    19.00      2.55   Free Outfall     H3,H2,H4,LP  (no Q: H1,SP) 

    19.50      3.30   Free Outfall     H3,H2,H1,H4,LP  (no Q: SP) 

    20.00      3.80   Free Outfall     H3,H2,H1,H4,LP  (no Q: SP) 
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    INFLOW/OUTFLOW HYDROGRAPH SUMMARY Event: 5 Yr 

    ===================================================== 

    Peak Inflow       =     8.66 cfs    at   12.0000 hrs     

    Peak Outflow      =      .51 cfs    at   13.7500 hrs     

    ===================================================== 

 

    INFLOW/OUTFLOW HYDROGRAPH SUMMARY Event: 10 Yr 

    ===================================================== 

    Peak Inflow       =    10.56 cfs    at   12.0000 hrs     

    Peak Outflow      =      .58 cfs    at   14.0000 hrs     

    ===================================================== 

 

    INFLOW/OUTFLOW HYDROGRAPH SUMMARY Event: 25 Yr 

    ===================================================== 

    Peak Inflow       =    12.80 cfs    at   12.0000 hrs     

    Peak Outflow      =      .73 cfs    at   14.2500 hrs     

    ===================================================== 

 

    INFLOW/OUTFLOW HYDROGRAPH SUMMARY Event: 50 YR 

    ===================================================== 

    Peak Inflow       =    14.73 cfs    at   12.0000 hrs     

    Peak Outflow      =      .88 cfs    at   13.7500 hrs     

    ===================================================== 

 

    INFLOW/OUTFLOW HYDROGRAPH SUMMARY Event: 100 Yr 

    ===================================================== 

    Peak Inflow       =    16.34 cfs    at   12.0000 hrs     

    Peak Outflow      =     1.01 cfs    at   13.7500 hrs     

    ===================================================== 
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Figure 2 – West Pond Capacity Calculation 

 

 
 

West Pond

Elevation Distance Width Length Area Vol. Gal. Cum. Distance Width Length Area Vol. Gal. Cum. Total

388.00 Bottom At Outlet

388.50 196 293 57,428 0

389.00 156 200 31,200 0 0.50 200 297 59,400 218,468 Pipe Invert

391.00 2.0 172 216 37,152 511,273 2.0 216 313 67,608 950,020

391.25 0.25 174 218 37,932 70,204 0.25 218 315 68,670 127,420 Normal Water Level

391.50 0.25 176 220 38,720 71,670 71,670 0.25 220 317 69,740 129,413 129,413 201,083

391.75 0.25 178 222 39,516 73,151 144,820 0.25 222 319 70,818 131,422 260,835 405,655

392.00 0.25 180 224 40,320 74,647 219,467 0.25 224 321 71,904 133,445 394,280 613,747

392.25 0.25 182 226 41,132 76,158 295,625 0.25 226 323 72,998 135,483 529,764 825,388

392.50 0.25 184 228 41,952 77,684 373,308 0.25 228 325 74,100 137,537 667,300 1,040,608

392.75 0.25 186 230 42,780 79,224 452,533 0.25 230 327 75,210 139,605 806,905 1,259,438

393.00 0.25 188 232 43,616 80,780 533,313 0.25 232 329 76,328 141,688 948,593 1,481,906

393.25 0.25 190 234 44,460 82,351 615,664 0.25 234 331 77,454 143,786 1,092,379 1,708,043

393.50 0.25 192 236 45,312 83,937 699,601 0.25 236 333 78,588 145,899 1,238,278 1,937,879

393.75 0.25 194 238 46,172 85,538 785,138 0.25 238 335 79,730 148,027 1,386,306 2,171,444

394.00 0.25 196 240 47,040 87,153 872,291 0.25 240 337 80,880 150,170 1,536,476 2,408,768

394.00 0.00 206 240 49,440 0 872,291 0.00 240 347 83,280 0 1,536,476 2,408,768

394.25 0.25 207 242 50,094 90,820 963,112 0.25 242 348 84,216 156,609 1,693,085 2,656,197

394.50 0.25 208 244 50,752 94,291 1,057,403 0.25 244 349 85,156 158,363 1,851,448 2,908,850

394.75 0.25 209 246 51,414 95,525 1,152,928 0.25 246 350 86,100 160,124 2,011,572 3,164,500

395.00 0.25 210 248 52,080 96,767 1,249,695 0.25 248 351 87,048 161,893 2,173,465 3,423,160 Emergency Spillway

1,831,171 3,469,374 5,300,545

Concrete-Lined Basin Basins Two and Three
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Figure 2 – North Pond Capacity Calculation 

 

 
 

North Pond

Elevation Distance Width Length Area Vol. Gal. Cum. Distance Width Length Area Vol. Gal. Cum. Total

386.50 Bottom at Outlet

387.00 0.5 146 345 50,370 0

387.50 0.5 58 345 20,010 37,419 0.5 150 349 52,350 192,086 Pipe Invert

389.50 2.0 74 361 26,714 349,496 2.0 166 365 60,590 844,791

389.75 0.25 76 363 27,588 50,772 0.25 168 367 61,656 114,300 Normal Water

390.00 0.25 78 365 28,470 52,414 52,414 0.25 170 369 62,730 116,301 116,301 168,715

390.25 0.25 80 367 29,360 54,071 106,485 0.25 172 371 63,812 118,317 234,618 341,103

390.50 0.25 82 369 30,258 55,743 162,228 0.25 174 373 64,902 120,348 354,965 517,193

390.75 0.25 84 371 31,164 57,430 219,658 0.25 176 375 66,000 122,393 477,359 697,016

391.00 0.25 86 373 32,078 59,131 278,789 0.25 178 377 67,106 124,454 601,813 880,602

391.25 0.25 88 375 33,000 60,848 339,637 0.25 180 379 68,220 126,530 728,343 1,067,979

391.50 0.25 90 377 33,930 62,580 402,216 0.25 182 381 69,342 128,620 856,963 1,259,179

391.75 0.25 92 379 34,868 64,326 466,543 0.25 184 383 70,472 130,726 987,689 1,454,232

392.00 0.25 94 381 35,814 66,088 532,630 0.25 186 385 71,610 132,847 1,120,536 1,653,166

392.25 0.25 96 383 36,768 67,864 600,494 0.25 188 387 72,756 134,982 1,255,518 1,856,012

392.50 0.25 98 385 37,730 69,656 670,150 0.25 190 389 73,910 137,133 1,392,651 2,062,801

392.75 0.25 100 387 38,700 71,462 741,612 0.25 192 391 75,072 139,298 1,531,949 2,273,561

393.00 0.25 102 389 39,678 73,283 814,896 0.25 194 393 76,242 141,479 1,673,427 2,488,323

393.25 0.25 104 391 40,664 75,120 890,015 0.25 196 395 77,420 143,674 1,817,101 2,707,117

393.50 0.25 106 393 41,658 76,971 966,986 0.25 198 397 78,606 145,884 1,962,986 2,929,972

393.75 0.25 108 395 42,660 78,837 1,045,824 0.25 200 399 79,800 148,110 2,111,095 3,156,919

394.00 0.25 110 397 43,670 80,719 1,126,542 0.25 202 401 81,002 150,350 2,261,445 3,387,987

394.00 0.00 120 397 47,640 0 1,126,542 0.00 212 401 85,012 0 2,261,445 3,387,987

394.25 0.25 121 399 48,279 85,972 1,212,515 0.25 213 403 85,839 155,996 2,417,442 3,629,956

394.50 0.25 122 401 48,922 90,883 1,303,397 0.25 214 405 86,670 161,296 2,578,737 3,882,135

394.75 0.25 123 403 49,569 92,089 1,395,487 0.25 215 407 87,505 162,854 2,741,591 4,137,078

395.00 0.25 124 405 50,220 93,303 1,488,789 0.25 216 409 88,344 164,419 2,906,010 4,394,799

395.10 0.10 124.4 405.8 50,482 37,662 1,526,452 0.10 216.4 409.8 88,681 66,207 2,972,217 4,498,669

395.20 0.10 124.8 406.6 50,744 37,858 1,564,310 0.10 216.8 410.6 89,018 66,459 3,038,677 4,602,986 Emergency Spillway

1,964,138 4,123,395 6,087,533

Concrete-Lined Basin Basins Two and Three
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Figure 3 – Hydrologic Storm Water Runoff Analysis 

 

 
 

24- hour 

Storm Event

Hydrograph Volume 

(Acre- Feet)

Peak Runoff, 

(CFS)

Hydrograph Volume 

(Gallons)

Peak Runoff, 

(gpm)

1 Year 5.1 52.1 1,661,727 23,382

2 Year 6.6 67.6 2,150,470 30,339

5 Year 8.5 85.8 2,769,545 38,507

10 Year 10.1 101.4 3,290,871 45,508

25 Year 12.0 119.5 3,909,946 53,632

24- hour 

Storm Event

Hydrograph Volume 

(Acre- Feet)

Peak Runoff, 

(CFS)

Hydrograph Volume 

(Gallons)

Peak Runoff, 

(gpm)

1 Year 6.7 42.8 2,183,053 19,209

2 Year 8.7 55.8 2,834,711 25,043

5 Year 11.2 71.0 3,649,283 31,865

10 Year 13.3 84.1 4,333,523 37,744

25 Year 15.8 99.5 5,148,095 44,656

24- hour 

Storm Event

Hydrograph Volume 

(Acre- Feet)

Peak Runoff, 

(CFS)

Hydrograph Volume 

(Gallons)

Peak Runoff, 

(gpm)

1 Year 3.6 36.8 1,172,984 16,516

2 Year 4.7 47.8 1,531,395 21,453

5 Year 6.0 60.6 1,954,973 27,197

10 Year 7.1 71.6 2,313,384 32,134

25 Year 8.4 84.4 2,736,962 37,879

Hydrographs based on Phases 1 through 5 projected open areas

Phase 3 - 24 Acres to North Pond (Tc = 30 minutes)

Phase 2 - 45 Acres to North Pond (Tc = 1 hour)

Phase 1 - 34 Acres to West Pond (Tc = 30 minutes)
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Figure 3 – Hydrologic Storm Water Runoff Analysis, Continued 

 

 
 

 

24- hour 

Storm Event

Hydrograph Volume 

(Acre- Feet)

Peak Runoff, 

(CFS)

Hydrograph Volume 

(Gallons)

Peak Runoff, 

(gpm)

1 Year 3.3 33.7 1,075,235 15,125

2 Year 4.3 43.8 1,401,064 19,657

5 Year 5.5 55.6 1,792,058 24,953

10 Year 6.5 65.6 2,117,887 29,441

25 Year 7.8 77.4 2,541,465 34,737

24- hour 

Storm Event

Hydrograph Volume 

(Acre- Feet)

Peak Runoff, 

(CFS)

Hydrograph Volume 

(Gallons)

Peak Runoff, 

(gpm)

1 Year 5.1 52.9 1,661,727 23,742

2 Year 6.7 68.6 2,183,053 30,788

5 Year 8.6 87.1 2,802,128 39,090

10 Year 10.3 102.9 3,356,037 46,182

25 Year 12.2 121.3 3,975,111 54,439

Rainfall Amounts, Inches

1 Year 2.8

2 Year 3.4

5 Year 4.1

10 Year 4.7

25 Year 5.4

Phase 5 - 69 Acres to North and West Ponds [34.5 Acres to each]  (Tc = 30 minutes)

Phase 4 - 22 Acres to West Pond (Tc = 30 minutes)
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Figure 4 – Standpipe Flow Rates 

 

 
 

Concrete-

Lined Basin

Concrete-

Lined Basin

Water 

Elevation

4-inch 

spacing

6-inch 

spacing

4-inch 

spacing

6-inch 

spacing

Water 

Elevation

4-inch 

spacing

6-inch 

spacing

4-inch 

spacing

6-inch 

spacing

391.25 276 177 155 99 389.75 183 26 103 15

391.50 330 203 186 114 390.00 224 35 126 20

391.75 384 246 216 139 390.50 330 81 186 45

392.00 437 276 246 155 391.00 437 105 246 59

392.25 501 324 282 183 391.50 566 203 318 114

392.50 566 357 318 201 392.00 693 230 390 130

392.75 630 408 354 229 392.50 824 357 464 201

393.00 693 445 390 250 393.00 923 388 519 218

393.25 767 499 431 280

393.50 824 538 464 303

Middle Basin Middle Basin

Water 

Elevation

4-inch 

spacing

6-inch 

spacing

4-inch 

spacing

6-inch 

spacing

Water 

Elevation

4-inch 

spacing

6-inch 

spacing

4-inch 

spacing

6-inch 

spacing

391.25 199 115 112 65 389.75 80 64 45 36

391.50 248 137 139 77 390.00 11 81 62 45

391.75 287 177 161 99 390.25 132 110 74 62

392.00 319 203 176 114 390.50

Middle Basin Middle Basin

Water 

Elevation

4-inch 

spacing

6-inch 

spacing

4-inch 

spacing

6-inch 

spacing

Water 

Elevation

4-inch 

spacing

6-inch 

spacing

4-inch 

spacing

6-inch 

spacing

391.25 128 64 72 36 389.75 114 100 64 56

391.50 171 81 96 45 390.00 149 121 84 68

391.75 214 115 120 65 390.25 196 159 110 89

392.00 257 137 144 77 390.50 245 184 138 104

392.25 311 177 175 99 390.75 294 227 165 128

392.50 367 203 207 114 391.00 342 256 192 144

392.75 423 246 238 139 391.25 402 303 226 170

393.00 478 276 269 155 391.50 445 335 251 189

393.25 543 324 306 182 391.75 523 385 294 217

393.50 610 357 343 201 392.00 581 421 327 237

393.75 666 408 375 229 392.25 651 474 366 267

394.00 714 445 402 250 392.50 705 514 396 289

1-inch holes 3/4-inch holes

West Leachate Pond North Leachate Pond

1-inch holes 3/4-inch holes

West Leachate Pond

1-inch holes 3/4-inch holes

West Leachate Pond

1-inch holes 3/4-inch holes

North Leachate Pond

1-inch holes 3/4-inch holes

North Leachate Pond

1-inch holes 3/4-inch holes
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Figure 4 - Standpipe Flow Rates Continued 

 
 

Description Elevation No. Holes
Water 

Levels

Discharge 

Rate,  gpm

Water 

Levels

Discharge 

Rate,  gpm

Pond Bottom 388.0

8" Dia. Outlet Pipe 398.0 389.0 0 389.0 0

1st Row Perfs. 389.0 3 389.5 24 389.5 54

2nd Row Perfs. 389.5 5 390.0 74 390.0 167

3rd Row Perfs. 390.0 5 390.5 140 390.1 200

4th Row Perfs. 390.5 6 390.8 200 390.5 315

5th Row Perfs. 391.0 6 391.0 226 391.0 509

6th Row Perfs. 391.5 6 391.5 326 391.5 733

7th Row Perfs. 392.0 6 392.0 438 392.0 985

Standpipe Top 394.0 392.5 560 392.5 1,261

393.0 645 393.0 1,452

393.5 718 393.5 1,615

394.0 783 394.0 1,761

Description Elevation No. Holes
Water 

Levels

Discharge 

Rate,  gpm

Water 

Levels

Discharge 

Rate,  gpm

Pond Bottom 386.5

8" Dia. Outlet Pipe 387.5 387.5 0 387.5 0

1st Row Perfs. 387.5 3 388.0 24 388.0 54

2nd Row Perfs. 388.0 5 388.5 74 388.5 167

3rd Row Perfs. 388.5 5 389.0 140 388.6 200

4th Row Perfs. 389.0 6 389.3 200 389.0 315

5th Row Perfs. 389.5 6 389.5 226 389.5 509

6th Row Perfs. 390.0 6 390.0 326 390.0 733

7th Row Perfs. 390.5 6 390.5 438 390.5 985

8th Row Perfs. 391.0 6 391.0 560 391.0 1,261

9th Row Perfs. 391.5 6 391.5 693 391.5 1,559

10th Row Perfs. 392.0 6 392.0 835 392.0 1,878

Standpipe Top 394.0 392.5 985 392.5 2,216

393.0 1,096 393.0 2,465

393.5 1,193 393.5 2,683

394.0 1,281 394.0 2,882

Standpipe Discharge Rate Summary

1.0-Inch-Diameter 

Drain Holes

1.5-Inch-Diameter 

Drain Holes

West Leachate Pond Outlet 

Standpipe (18" Dia. HDPE)

North Leachate Pond Outlet 

Standpipe (18" Dia. HDPE)

1.0-Inch-Diameter 

Drain Holes

1.5-Inch-Diameter 

Drain Holes
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Figure 5 - Surface Water Drainage Calculations For Leachate Pond Emergency Spillway 

 

100 Year - 24 Hour storm event, Type II Storm, Flat Slope Condition 

Rainfall is 6.5 inches for Rockport Area 

Runoff Curve Number is 90 for exposed ash 

Runoff Depth from Table 1 interpolation: 

 6.0 inch rain, CN = 90, Runoff is: 4.85 

  6.5 inch rain, CN=90, Runoff is: 5.34 

 7.0 inch rain, CN = 90, Runoff is: 5.82 

Determine Runoff Quantity, Q  Drainage Area  = 45 Acres (based on Phase 2) 

Obtain Peak Rate of Discharge from Figure D-2 (Attachment) 

 Peak Rate of Discharge is: 30 cfs/inch of runoff 

Determine Runoff Quantity: 

Q = 30 cfs / inch of runoff  x 5.34 inches of runoff 

Q = 160.1 cfs 

 

25 Year – 24 Hour storm event, Type II Storm, Flat Slope Condition 

Rainfall is 5.4 inches for Rockport Area 

Runoff Curve Number is 90 for exposed ash 

Runoff Depth from Table 1 interpolation: 

 5.0 inch rain, CN = 90, Runoff is: 3.88 

  5.4 inch rain, CN=90, Runoff is: 4.27 

 6.0 inch rain, CN = 90, Runoff is: 4.85 

Determine Runoff Quantity, Q  Drainage Area  = 45 Acres (based on Phase 2) 

Obtain Peak Rate of Discharge from Figure D-2 (Attachment) 

 Peak Rate of Discharge is: 30 cfs/inch of runoff 

Determine Runoff Quantity: 

Q = 30 cfs / inch of runoff  x 4.27 inches of runoff 

Q = 128.0 cfs 

 
Leachate Treatment Pond captures the 25-year runoff with the difference going through the emergency 
spillway 

 Q difference = Q100 - Q25 [160.1 cfs – 128.0 cfs ] 

 Q difference = 32.1 cfs Use this to size emergency spillway 

 

Table 1 - Runoff Depth in Inches for Selected CN's and Rainfall Amounts 

Rainfall Curve Numbers (CN) 

(inches) 60 65 70 75 80 85 90 95 98 

5.0 1.30 1.65 2.04 2.45 2.89 3.37 3.88 4.42 4.76 

6.0 1.92 2.35 2.80 3.28 3.78 4.31 4.85 5.41 5.76 

7.0 2.60 3.10 3.62 4.15 4.69 5.26 5.82 6.41 6.76 



Memorandum - Summary of Contact Water Management System Design 

Rockport Plant Restricted Type I Waste Landfill 

Rockport, Spencer County, Indiana 

 

16 
 

 



Memorandum - Summary of Contact Water Management System Design 

Rockport Plant Restricted Type I Waste Landfill 

Rockport, Spencer County, Indiana 

 

17 
 

Calculation of Flow in a Trapezoidal Channel using Manning's Formula 

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)   

Flow (Q) = Velocity  x  Area (VA)   

n = Manning's Friction Factor   

R = Hydraulic Radius (Area/Wetted Perimeter) 

S = Channel Slope    

A = Area       

     

Design Parameters         

Bottom Width, B 8.0 feet    

Sideslope Left, XL 5 z : 1    

Sideslope Right, XR 5 z : 1    

Channel Slope, S 1.00%     

Channel Depth, D 0.85  feet 10.2 inches 

Manning's "n" 0.035 riprap    

          

     

Results         

Flow (Q) = 32.3 cu. ft. per sec.   

Velocity (V) = 3.1 feet per second   

     

Rip Rap Selection d(50) = 64.2lbs/cu. ft * D * S/4   

  d(50) = 0.1 feet   

          

Type Min. (ft) 
D(50), 

(ft) Max. (ft)   

A 1.5 2.0 2.5   

B 1.0 1.5 2.0   

C 0.5 1.0 1.5   

D 0.25 0.5 1.0   

         

Shear Stress, t         

  w, unit weight of water, (lbs/ft3) 62.4    

  D, flow depth*, (ft) 0.85    

  R, hydraulic radius*, (ft) 0.62 
* for wide channels use 
flow depth 

  Channel wide (1) or narrow (2) 2    

  S, channel slope (ft/ft) 0.010    

  Shear stress, t = 0.39  (lbs/ft2)   
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STORM WATER DRAINAGE ANALYSIS 

PROPOSED SOUTHWEST (SW) DITCH FOR ROCKPORT PLANT FLY ASH LANDFILL 

ROCKPORT, INDIANA 

 

INTRODUCTION 

This analysis evaluates the storm water runoff from the existing farm land and 

the proposed landfill development that is routed to this drainage way with 

construction of the SW Ditch.  The existing watershed is approximately 72 acres.  

The proposed landfill development contributing runoff to the SW Ditch is 

approximately 54 acres.  The total water shed handled by the SW Ditch is 

approximately 126 acres. 

 

STORM WATER HYDROGRAPH SUMMARY 

    10 YEAR STORM EVENT    Peak Inflow = 135.70 cfs at 12.5000 hrs 

    25 YEAR STORM EVENT    Peak Inflow = 171.53 cfs at 12.5000 hrs 

    50 YEAR STORM EVENT    Peak Inflow = 203.03 cfs at 12.5000 hrs 

   100 YEAR STORM EVENT    Peak Inflow = 229.70 cfs at 12.5000 hrs 

 

DESIGN STORMS 

 

Storm Frequency Total Rainfall Depth 

10 Year 4.7 inches 

25 Year 5.4 inches 

50 Year 6.0 inches 

100 Year 6.5 inches 

 

                   CUMULATIVE RAINFALL FRACTIONS (SCS Type II Storm) 

       Time  |          Output Time increment = .5000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

       .0000 |        .000        .005        .010        .016        .022 

      2.5000 |        .028        .034        .041        .048        .055 

      5.0000 |        .063        .071        .080        .089        .099 

      7.5000 |        .109        .120        .132        .147        .163 

     10.0000 |        .185        .204        .235        .283        .663 

     12.5000 |        .734        .772        .799        .820        .838 

     15.0000 |        .854        .868        .880        .891        .902 

     17.5000 |        .912        .921        .930        .938        .945 

     20.0000 |        .952        .958        .965        .971        .977 

     22.5000 |        .983        .989        .994       1.000 

 

                        CUMULATIVE RAINFALL DEPTHS (in) 10 YR 

       Time  |            Output Time increment = .5000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

       .0000 |       .0000       .0235       .0470       .0752       .1034 

      2.5000 |       .1316       .1598       .1927       .2256       .2585 

      5.0000 |       .2961       .3337       .3760       .4183       .4653 

      7.5000 |       .5123       .5640       .6204       .6909       .7661 

     10.0000 |       .8695       .9588      1.1045      1.3301      3.1161 

     12.5000 |      3.4498      3.6284      3.7553      3.8540      3.9386 

     15.0000 |      4.0138      4.0796      4.1360      4.1877      4.2394 

     17.5000 |      4.2864      4.3287      4.3710      4.4086      4.4415 

     20.0000 |      4.4744      4.5026      4.5355      4.5637      4.5919 

     22.5000 |      4.6201      4.6483      4.6718      4.7000 
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                        CUMULATIVE RAINFALL DEPTHS (in) 25 YR 

       Time  |            Output Time increment = .5000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

       .0000 |       .0000       .0270       .0540       .0864       .1188 

      2.5000 |       .1512       .1836       .2214       .2592       .2970 

      5.0000 |       .3402       .3834       .4320       .4806       .5346 

      7.5000 |       .5886       .6480       .7128       .7938       .8802 

     10.0000 |       .9990      1.1016      1.2690      1.5282      3.5802 

     12.5000 |      3.9636      4.1688      4.3146      4.4280      4.5252 

     15.0000 |      4.6116      4.6872      4.7520      4.8114      4.8708 

     17.5000 |      4.9248      4.9734      5.0220      5.0652      5.1030 

     20.0000 |      5.1408      5.1732      5.2110      5.2434      5.2758 

     22.5000 |      5.3082      5.3406      5.3676      5.4000 

 

                        CUMULATIVE RAINFALL DEPTHS (in) 50 YR 

       Time  |            Output Time increment = .5000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

       .0000 |       .0000       .0300       .0600       .0960       .1320 

      2.5000 |       .1680       .2040       .2460       .2880       .3300 

      5.0000 |       .3780       .4260       .4800       .5340       .5940 

      7.5000 |       .6540       .7200       .7920       .8820       .9780 

     10.0000 |      1.1100      1.2240      1.4100      1.6980      3.9780 

     12.5000 |      4.4040      4.6320      4.7940      4.9200      5.0280 

     15.0000 |      5.1240      5.2080      5.2800      5.3460      5.4120 

     17.5000 |      5.4720      5.5260      5.5800      5.6280      5.6700 

     20.0000 |      5.7120      5.7480      5.7900      5.8260      5.8620 

     22.5000 |      5.8980      5.9340      5.9640      6.0000 

 

                        CUMULATIVE RAINFALL DEPTHS (in) 100 YR 

       Time  |            Output Time increment = .5000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

       .0000 |       .0000       .0325       .0650       .1040       .1430 

      2.5000 |       .1820       .2210       .2665       .3120       .3575 

      5.0000 |       .4095       .4615       .5200       .5785       .6435 

      7.5000 |       .7085       .7800       .8580       .9555      1.0595 

     10.0000 |      1.2025      1.3260      1.5275      1.8395      4.3095 

     12.5000 |      4.7710      5.0180      5.1935      5.3300      5.4470 

     15.0000 |      5.5510      5.6420      5.7200      5.7915      5.8630 

     17.5000 |      5.9280      5.9865      6.0450      6.0970      6.1425 

     20.0000 |      6.1880      6.2270      6.2725      6.3115      6.3505 

     22.5000 |      6.3895      6.4285      6.4610      6.5000 

 

 

TIME OF CONCENTRATION - Existing Watershed 

    Segment #1:  Tc: TR-55 Sheet 

    Description: Farm Field 

    Manning’s n          .0600 

    Hydraulic Length   300.00 ft 

    2yr, 24hr P        3.2500 in 

    Slope             .005000 ft/ft 

    Avg. Velocity          .26 ft/sec 
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                                             Segment #1 Time:     .3264 hrs 

    Segment #2:  Tc: TR-55 Shallow 

    Description: Farm Field 

    Hydraulic Length  2200.00 ft 

    Slope             .005000 ft/ft 

    Unpaved 

    Avg. Velocity         1.14 ft/sec 

                                             Segment #2 Time:     .5356 hrs 

                                                    Total Tc:     .8621 hrs 

 

 

    TIME OF CONCENTRATION - New Watershed for SW Ditch 

    Segment #1:  Tc: TR-55 Sheet 

    Description: Top of Landfill 

    Manning’s n          .2400 

    Hydraulic Length   300.00 ft 

    2yr, 24hr P        3.2500 in 

    Slope             .020000 ft/ft 

    Avg. Velocity          .15 ft/sec 

                                             Segment #1 Time:     .5683 hrs 

    Segment #2:  Tc: TR-55 Shallow 

    Description: top of the landfill 

    Hydraulic Length   600.00 ft 

    Slope             .020000 ft/ft 

    Unpaved 

    Avg. Velocity         2.28 ft/sec 

                                             Segment #2 Time:     .0730 hrs 

    Segment #3:  Tc: TR-55 Shallow 

    Description: 3:1 slope 

    Hydraulic Length    75.00 ft 

    Slope             .333000 ft/ft 

    Unpaved 

    Avg. Velocity         9.31 ft/sec 

                                             Segment #3 Time:     .0022 hrs 

    Segment #4:  Tc: TR-55 Channel 

    Description: 450 bench 

    Flow Area         10.1600 sq. ft 

    Wetted Perimeter    16.50 ft 

    Hydraulic Radius      .62 ft 

    Slope             .005000 ft/ft 

    Manning’s n          .0300 

    Hydraulic Length   250.00 ft 

    Avg. Velocity         2.54 ft/sec 

                                             Segment #4 Time:     .0273 hrs 

    Segment #5:  Tc: TR-55 Sheet 

    Description: Sideslope flume 

    Manning’s n          .0300 

    Hydraulic Length   150.00 ft 

    2yr, 24hr P        3.2500 in 

    Slope             .333000 ft/ft 

    Avg. Velocity         2.08 ft/sec 

                                             Segment #5 Time:     .0201 hrs 

    Segment #6:  Tc: TR-55 Channel 

    Description: SW Ditch 

    Flow Area         16.6000 sq. ft 
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    Wetted Perimeter    13.80 ft 

    Hydraulic Radius     1.20 ft 

    Slope             .002500 ft/ft 

    Manning’s n          .0300 

    Hydraulic Length  3800.00 ft 

    Avg. Velocity         2.81 ft/sec 

                                             Segment #6 Time:     .3758 hrs 

                                                    Total Tc:    1.0668 hrs 

 

 

RUNOFF CURVE NUMBER DATA - SW Ditch Watershed 

                                                      Impervious 

                                             Area     Adjustment  Adjusted 

   Soil/Surface Description            CN    acres     %C    %UC     CN   

   --------------------------------   ---- ---------  ----- -----  ------ 

   Landfill surface                    74    54.000                 74.00 

   Farm Field                          78    72.000                 78.00 

   COMPOSITE AREA & WEIGHTED CN --->        126.000                 76.29 (76) 

 

 

STORM WATER RUNOFF UNIT HYDROGRAPHS 

 

               SCS UNIT HYDROGRAPH METHOD 

               Duration      = 24 hrs 

               Tc            = 1.0668 hrs 

               Drainage Area = 126 acres 

               Runoff CN     = 76 

 

               10 YEAR STORM EVENT  

               ----------------------------------- 

               Peak Discharge =      135.70 cfs 

               Time to Peak   =       12.5000 hrs 

               HYG Volume     =       24.049 ac-ft 

               ----------------------------------- 

 

                             HYDROGRAPH ORDINATES (cfs) 

       Time  |               Output Time increment = .1000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

      8.7000 |         .00         .01         .02         .04         .07 

      9.2000 |         .12         .19         .27         .37         .49 

      9.7000 |         .63         .79         .99        1.21        1.45 

     10.2000 |        1.70        1.94        2.19        2.42        2.66 

     10.7000 |        2.93        3.24        3.65        4.14        4.70 

     11.2000 |        5.41        6.26        7.26        8.61       11.67 

     11.7000 |       16.93       25.23       40.86       59.93       81.75 

     12.2000 |      103.32      120.03      131.78      135.70      132.13 

     12.7000 |      124.89      114.55      102.26       90.58       79.73 

     13.2000 |       70.83       63.18       56.38       50.43       45.55 

     13.7000 |       41.27       37.54       34.46       31.72       29.29 

     14.2000 |       27.27       25.52       23.96       22.59       21.46 

     14.7000 |       20.45       19.54       18.74       18.00       17.31 

     15.2000 |       16.70       16.15       15.65       15.20       14.79 

     15.7000 |       14.40       14.02       13.63       13.26       12.89 

     16.2000 |       12.55       12.23       11.93       11.64       11.40 
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     16.7000 |       11.18       10.99       10.84       10.71       10.60 

     17.2000 |       10.50       10.40       10.29       10.18       10.05 

     17.7000 |        9.92        9.77        9.62        9.45        9.30 

     18.2000 |        9.15        9.03        8.91        8.82        8.74 

     18.7000 |        8.66        8.58        8.48        8.37        8.24 

     19.2000 |        8.11        7.96        7.81        7.65        7.49 

     19.7000 |        7.35        7.22        7.10        7.01        6.92 

     20.2000 |        6.84        6.75        6.65        6.54        6.43 

     20.7000 |        6.35        6.28        6.24        6.25        6.27 

     21.2000 |        6.30        6.31        6.30        6.27        6.22 

     21.7000 |        6.15        6.08        6.02        5.96        5.92 

     22.2000 |        5.88        5.85        5.83        5.82        5.80 

     22.7000 |        5.80        5.79        5.78        5.78        5.76 

     23.2000 |        5.74        5.70        5.63        5.55        5.47 

     23.7000 |        5.39        5.34        5.31        5.31        5.29 

     24.2000 |        5.21        5.03        4.68        4.24        3.71 

     24.7000 |        3.14        2.60        2.08        1.66        1.31 

     25.2000 |        1.03         .82         .66         .52         .41 

     25.7000 |         .33         .26         .20         .16         .13 

     26.2000 |         .10         .08         .06         .05         .04 

     26.7000 |         .03         .02         .01         .01         .01 

     27.2000 |         .00 

 

 

               25 YEAR STORM EVENT  

               ----------------------------------- 

               Peak Discharge =      171.53 cfs 

               Time to Peak   =       12.5000 hrs 

               HYG Volume     =       30.118 ac-ft 

               ----------------------------------- 

 

                             HYDROGRAPH ORDINATES (cfs) 

       Time  |               Output Time increment = .1000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

      7.9000 |         .00         .00         .00         .02         .03 

      8.4000 |         .06         .10         .16         .23         .32 

      8.9000 |         .43         .56         .70         .86        1.03 

      9.4000 |        1.21        1.40        1.61        1.84        2.09 

      9.9000 |        2.39        2.72        3.06        3.42        3.76 

     10.4000 |        4.09        4.39        4.70        5.05        5.45 

     10.9000 |        6.00        6.65        7.42        8.39        9.53 

     11.4000 |       10.89       12.70       16.75       23.63       34.41 

     11.9000 |       54.41       78.60      106.08      132.82      153.26 

     12.4000 |      167.34      171.53      166.37      156.68      143.21 

     12.9000 |      127.52      112.68       98.95       87.72       78.08 

     13.4000 |       69.53       62.08       55.98       50.63       45.97 

     13.9000 |       42.14       38.73       35.71       33.21       31.05 

     14.4000 |       29.12       27.42       26.03       24.78       23.67 

     14.9000 |       22.68       21.76       20.91       20.16       19.50 

     15.4000 |       18.89       18.33       17.84       17.36       16.89 

     15.9000 |       16.43       15.97       15.53       15.11       14.73 

     16.4000 |       14.36       14.01       13.71       13.45       13.22 

     16.9000 |       13.04       12.88       12.75       12.63       12.50 

     17.4000 |       12.37       12.24       12.08       11.92       11.74 
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     17.9000 |       11.55       11.36       11.17       10.99       10.84 

     18.4000 |       10.70       10.58       10.49       10.39       10.29 

     18.9000 |       10.17       10.04        9.89        9.73        9.55 

     19.4000 |        9.36        9.17        8.98        8.81        8.65 

     19.9000 |        8.51        8.40        8.29        8.19        8.09 

     20.4000 |        7.97        7.84        7.71        7.60        7.52 

     20.9000 |        7.48        7.48        7.51        7.54        7.56 

     21.4000 |        7.54        7.51        7.44        7.36        7.28 

     21.9000 |        7.20        7.13        7.08        7.04        7.00 

     22.4000 |        6.98        6.96        6.94        6.93        6.92 

     22.9000 |        6.92        6.91        6.89        6.87        6.81 

     23.4000 |        6.74        6.64        6.54        6.45        6.38 

     23.9000 |        6.35        6.35        6.32        6.23        6.01 

     24.4000 |        5.60        5.07        4.43        3.75        3.10 

     24.9000 |        2.49        1.98        1.57        1.23         .98 

     25.4000 |         .78         .62         .49         .39         .31 

     25.9000 |         .24         .19         .15         .12         .09 

     26.4000 |         .07         .06         .04         .03         .02 

     26.9000 |         .02         .01         .01         .00         .00 

     27.4000 |         .00 

 

 

               50 YEAR STORM EVENT  

               ----------------------------------- 

               Peak Discharge =      203.03 cfs 

               Time to Peak   =       12.5000 hrs 

               HYG Volume     =       35.488 ac-ft 

               ----------------------------------- 

 

                             HYDROGRAPH ORDINATES (cfs) 

       Time  |               Output Time increment = .1000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

      7.4000 |         .00         .00         .01         .02         .04 

      7.9000 |         .08         .13         .19         .27         .36 

      8.4000 |         .46         .58         .71         .85        1.00 

      8.9000 |        1.18        1.37        1.58        1.80        2.03 

      9.4000 |        2.27        2.52        2.79        3.08        3.40 

      9.9000 |        3.79        4.20        4.65        5.10        5.52 

     10.4000 |        5.93        6.28        6.65        7.06        7.55 

     10.9000 |        8.21        9.02        9.97       11.17       12.59 

     11.4000 |       14.27       16.49       21.43       29.75       42.73 

     11.9000 |       66.60       95.30      127.73      158.96      182.60 

     12.4000 |      198.67      203.03      196.42      184.53      168.27 

     12.9000 |      149.57      131.95      115.69      102.42       91.04 

     13.4000 |       80.97       72.20       65.02       58.73       53.27 

     13.9000 |       48.78       44.79       41.26       38.34       35.82 

     14.4000 |       33.56       31.58       29.96       28.51       27.22 

     14.9000 |       26.07       25.00       24.01       23.15       22.37 

     15.4000 |       21.67       21.03       20.46       19.90       19.37 

     15.9000 |       18.83       18.31       17.80       17.32       16.87 

     16.4000 |       16.45       16.05       15.71       15.41       15.14 

     16.9000 |       14.93       14.75       14.59       14.45       14.31 

     17.4000 |       14.16       14.00       13.82       13.63       13.43 

     17.9000 |       13.21       12.99       12.77       12.57       12.39 
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     18.4000 |       12.23       12.10       11.99       11.88       11.76 

     18.9000 |       11.63       11.47       11.30       11.12       10.91 

     19.4000 |       10.70       10.47       10.26       10.06        9.88 

     19.9000 |        9.72        9.59        9.47        9.36        9.24 

     20.4000 |        9.10        8.95        8.80        8.68        8.58 

     20.9000 |        8.53        8.54        8.57        8.61        8.62 

     21.4000 |        8.61        8.57        8.49        8.40        8.31 

     21.9000 |        8.21        8.14        8.08        8.03        7.99 

     22.4000 |        7.96        7.94        7.92        7.91        7.90 

     22.9000 |        7.89        7.88        7.86        7.83        7.77 

     23.4000 |        7.68        7.57        7.45        7.35        7.28 

     23.9000 |        7.24        7.24        7.20        7.10        6.85 

     24.4000 |        6.38        5.78        5.05        4.28        3.54 

     24.9000 |        2.84        2.26        1.79        1.41        1.12 

     25.4000 |         .89         .71         .55         .44         .35 

     25.9000 |         .27         .22         .17         .13         .10 

     26.4000 |         .08         .06         .05         .04         .03 

     26.9000 |         .02         .01         .01         .00         .00 

     27.4000 |         .00 

 

 

               100 YEAR STORM EVENT  

               ----------------------------------- 

               Peak Discharge =      229.70 cfs 

               Time to Peak   =       12.5000 hrs 

               HYG Volume     =       40.058 ac-ft 

               ----------------------------------- 

 

                             HYDROGRAPH ORDINATES (cfs) 

       Time  |               Output Time increment = .1000 hrs 

       hrs   |    Time on left represents time for first value in each row. 

    ---------|-------------------------------------------------------------- 

      7.0000 |         .00         .00         .01         .03         .05 

      7.5000 |         .09         .14         .20         .28         .38 

      8.0000 |         .48         .60         .73         .86        1.01 

      8.5000 |        1.17        1.33        1.51        1.71        1.93 

      9.0000 |        2.16        2.42        2.69        2.97        3.25 

      9.5000 |        3.55        3.87        4.21        4.60        5.06 

     10.0000 |        5.55        6.08        6.61        7.11        7.57 

     10.5000 |        7.98        8.40        8.86        9.41       10.18 

     11.0000 |       11.12       12.23       13.63       15.28       17.23 

     11.5000 |       19.82       25.51       35.07       49.92       77.08 

     12.0000 |      109.59      146.20      181.20      207.52      225.22 

     12.5000 |      229.70      221.81      208.04      189.41      168.16 

     13.0000 |      148.18      129.78      114.78      101.93       90.56 

     13.5000 |       80.68       72.60       65.52       59.39       54.34 

     14.0000 |       49.86       45.91       42.63       39.80       37.28 

     14.5000 |       35.06       33.25       31.63       30.18       28.90 

     15.0000 |       27.70       26.60       25.63       24.77       23.98 

     15.5000 |       23.27       22.64       22.03       21.43       20.83 

     16.0000 |       20.25       19.69       19.15       18.66       18.19 

     16.5000 |       17.74       17.37       17.03       16.74       16.50 

     17.0000 |       16.30       16.12       15.97       15.81       15.65 

     17.5000 |       15.47       15.27       15.06       14.84       14.59 

     18.0000 |       14.35       14.10       13.88       13.68       13.51 
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     18.5000 |       13.36       13.23       13.11       12.99       12.84 

     19.0000 |       12.66       12.47       12.27       12.04       11.81 

     19.5000 |       11.56       11.32       11.11       10.90       10.73 

     20.0000 |       10.58       10.45       10.33       10.19       10.04 

     20.5000 |        9.88        9.71        9.57        9.47        9.42 

     21.0000 |        9.42        9.45        9.49        9.51        9.50 

     21.5000 |        9.45        9.37        9.27        9.16        9.06 

     22.0000 |        8.98        8.91        8.85        8.81        8.78 

     22.5000 |        8.75        8.73        8.72        8.71        8.70 

     23.0000 |        8.69        8.67        8.63        8.57        8.47 

     23.5000 |        8.35        8.21        8.10        8.02        7.98 

     24.0000 |        7.98        7.94        7.83        7.55        7.03 

     24.5000 |        6.37        5.56        4.71        3.90        3.12 

     25.0000 |        2.49        1.97        1.55        1.23         .99 

     25.5000 |         .78         .61         .49         .39         .30 

     26.0000 |         .24         .19         .15         .12         .09 

     26.5000 |         .07         .05         .04         .03         .02 

     27.0000 |         .02         .01         .01         .00         .00 

 





Run-on and Run-off Control System Plan 

Rockport Restricted Waste Landfill | Rockport, Indiana 

September 1, 2026 | Terracon Project No. 1000013128 
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SURFACE WATER DRAINAGE CALCULATIONS – 
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NOTES:
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INSTALL ADDITIONAL BALLAST FOR
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BOTTOM AND SIDESLOPES AS NEEDED.
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

RUNOFF CALCULATIONS East Drainage Area
Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 3 Minutes Seelye Chart
Drainage Area: 2.67 Acres Grading Plan

Storm
Frequency

Tc,
Minutes

Intensity, (I)
= In/Hr

Runoff
Coefficient

Area
(Acres)

Q, Runoff
Flow

(CFS)
5-Yr 3 5.95 0.95 2.67 15

10-Yr 3 6.54 0.95 2.67 17
25-Yr 3 6.97 0.95 2.67 18
50-Yr 3 8.33 0.95 2.67 21
100-Yr 3 8.53 0.95 2.67 22

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters East Channel East Channel
100 Yr Storm Runoff 22 cfs 25 Yr Storm Runoff 18 cfs

Bottom Width, B 0.0 feet 0.0 feet
Sideslope Left, XL 3.0 z : 1 3.0 z : 1

Sideslope Right, XR 3.0 z : 1 3.0 z : 1
Channel Slope, S 0.50% 0.50%
Channel Depth, D 2.00 feet 2.00 feet

Manning's "n" 0.013 concrete 0.013 concrete
top width = 12.00 feet 12.00 feet

Results
Flow (Q) = 93.6 cu. ft. per sec. 93.6 cu. ft. per sec.

Velocity (V) = 7.8 feet per second 7.8 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 6.32 6.32
HR = SQRT((XR*D)(XR*D)+(D*D)) => 6.32 6.32

Bottom = B => 0.00 0.00
WP = HL+HR+B => 12.65 12.65

A = [(Top+B)/2]*D => 12.00 12.00
Top = [(XL*D)+B+(XR*D)] => 12.00 12.00

R = Area/Wetted Perimeter => 0.95 0.95
R^2/3 = 0.97 0.97
S^1/2 = 0.07 0.07

V = 7.8 7.8
Q = V * A => 93.6 93.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)
C = discharge coefficient
A = area of the orifice opening (sf)
g = gravitational acceleration (ft/s2)
H = effective head (ft)

Calculations
C = 0.6

hole diameter = 18 inch
A = 1.76625 sf
g = 32.174 ft/s2

H = Varies ft
Head, ft Q, cfs

0.8 7.4 Top of Culvert Pipe
1.3 9.5
1.8 11.2
2.3 12.8
2.8 14.1
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula
Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters
Pipe Diameter 18 inches

Pipe Slope 1.00%
Manning's "n" 0.012 RCP

Results
Velocity (V) = 6.5 fps

Flow (Q) = 11.41 cfs

Calculations
Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 1.5 ft
R= 0.375

R^2/3 = 0.520021
S^1/2 = 0.1000

V = 6.4569
Q = VA

Area = 1.76715 Sq Ft
Wetted Perimeter 4.7124

R= 0.375

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

RUNOFF CALCULATIONS Northeast Drainage Area
Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart
Drainage Area: 3.79 Acres Grading Plan

Storm
Frequency

Tc,
Minutes

Intensity, (I)
= In/Hr

Runoff
Coefficient

Area
(Acres)

Q, Runoff
Flow

(CFS)
5-Yr 2 6.24 0.95 3.79 22

10-Yr 2 6.80 0.95 3.79 24
25-Yr 2 7.19 0.95 3.79 26
50-Yr 2 8.62 0.95 3.79 31
100-Yr 2 8.79 0.95 3.79 32

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Flume Channel
100 Yr Storm Runoff 32 cfs 25 Yr Storm Runoff 26 cfs

Bottom Width, B 4.0 feet 0.0 feet
Sideslope Left, XL 2.0 z : 1 3.5 z : 1

Sideslope Right, XR 2.0 z : 1 3.5 z : 1
Channel Slope, S 25.00% 2.00%
Channel Depth, D 2.00 feet 3.00 feet

Manning's "n" 0.013 concrete 0.013 concrete
top width = 12.00 feet 21.00 feet

Results
Flow (Q) = 1053.2 cu. ft. per sec. 650.0 cu. ft. per sec.

Velocity (V) = 65.8 feet per second 20.6 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 4.47 10.92
HR = SQRT((XR*D)(XR*D)+(D*D)) => 4.47 10.92

Bottom = B => 4.00 0.00
WP = HL+HR+B => 12.94 21.84

A = [(Top+B)/2]*D => 16.00 31.50
Top = [(XL*D)+B+(XR*D)] => 12.00 21.00

R = Area/Wetted Perimeter => 1.24 1.44
R^2/3 = 1.15 1.28
S^1/2 = 0.50 0.14

V = 65.8 20.6
Q = V * A => 1053.2 650.0

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)
C = discharge coefficient
A = area of the orifice opening (sf)
g = gravitational acceleration (ft/s2)
H = effective head (ft)

Calculations
C = 0.6

hole diameter = 30 inch
A = 4.90625 sf
g = 32.174 ft/s2

H = Varies ft
Head, ft Q, cfs

1.3 26.4 Top of Culvert Pipe
1.8 31.2
2.3 35.4
2.8 39.2
3.3 42.6
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula
Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters
Pipe Diameter 30 inches

Pipe Slope 2.00%
Manning's "n" 0.012 RCP

Results
Velocity (V) = 12.8 fps

Flow (Q) = 63.01 cfs

Calculations
Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 2.5 ft
R= 0.625

R^2/3 = 0.7310044
S^1/2 = 0.1414

V = 12.8363
Q = VA

Area = 4.90875 Sq Ft
Wetted Perimeter 7.854

R= 0.625

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

RUNOFF CALCULATIONS Northwest Drainage Area
Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart
Drainage Area: 4.4 Acres Grading Plan

Storm
Frequency

Tc,
Minutes

Intensity, (I)
= In/Hr

Runoff
Coefficient

Area
(Acres)

Q, Runoff
Flow

(CFS)
5-Yr 2 6.24 0.95 4.4 26

10-Yr 2 6.80 0.95 4.4 28
25-Yr 2 7.19 0.95 4.4 30
50-Yr 2 8.62 0.95 4.4 36
100-Yr 2 8.79 0.95 4.4 37

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Channel Flume for NW + W
25 Yr Storm Runoff 30 cfs 25 Yr Storm Runoff 57 cfs

Bottom Width, B 0.0 feet 8.0 feet
Sideslope Left, XL 3.5 z : 1 2.0 z : 1

Sideslope Right, XR 3.5 z : 1 2.0 z : 1
Channel Slope, S 8.00% 25.00%
Channel Depth, D 2.00 feet 2.00 feet

Manning's "n" 0.013 concrete 0.035 concrete
top width = 14.00 feet 16.00 feet

Results
Flow (Q) = 440.9 cu. ft. per sec. 642.6 cu. ft. per sec.

Velocity (V) = 31.5 feet per second 26.8 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 7.28 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 7.28 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 14.56 16.94

A = [(Top+B)/2]*D => 14.00 24.00
Top = [(XL*D)+B+(XR*D)] => 14.00 16.00

R = Area/Wetted Perimeter => 0.96 1.42
R^2/3 = 0.97 1.26
S^1/2 = 0.28 0.50

V = 31.5 26.8
Q = V * A => 440.9 642.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)
C = discharge coefficient
A = area of the orifice opening (sf)
g = gravitational acceleration (ft/s2)
H = effective head (ft)

Calculations
C = 0.6

hole diameter = 0 inch
A = 0 sf
g = 32.174 ft/s2

H = Varies ft
Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe
0.5 0.0
1.0 0.0
1.5 0.0
2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula
Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters
Pipe Diameter 0 inches

Pipe Slope 1.00%
Manning's "n" 0.012 RCP

Results
Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations
Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft
R= 0

R^2/3 = 0
S^1/2 = 0.1000

V = 0.0000
Q = VA

Area = 0 Sq Ft
Wetted Perimeter 0

R= #DIV/0!
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

RUNOFF CALCULATIONS West Drainage Area
Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 6 Minutes Seelye Chart
Drainage Area: 4.4 Acres Grading Plan

Storm
Frequency

Tc,
Minutes

Intensity, (I)
= In/Hr

Runoff
Coefficient

Area
(Acres)

Q, Runoff
Flow

(CFS)
5-Yr 6 5.24 0.95 4.4 22

10-Yr 6 5.86 0.95 4.4 25
25-Yr 6 6.39 0.95 4.4 27
50-Yr 6 7.58 0.95 4.4 32
100-Yr 6 7.84 0.95 4.4 33

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters West Channel on Bench West Channel on Bench
100 Yr Storm Runoff 33 cfs 25 Yr Storm Runoff 27 cfs

Bottom Width, B 0.0 feet 0.0 feet
Sideslope Left, XL 3.5 z : 1 3.5 z : 1

Sideslope Right, XR 3.5 z : 1 3.5 z : 1
Channel Slope, S 0.50% 0.50%
Channel Depth, D 3.00 feet 3.00 feet

Manning's "n" 0.013 concrete (geomembrane) 0.013 concrete (geomembrane)
top width = 21.00 feet 21.00 feet

Results
Flow (Q) = 325.0 cu. ft. per sec. 325.0 cu. ft. per sec.

Velocity (V) = 10.3 feet per second 10.3 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 10.92 10.92
HR = SQRT((XR*D)(XR*D)+(D*D)) => 10.92 10.92

Bottom = B => 0.00 0.00
WP = HL+HR+B => 21.84 21.84

A = [(Top+B)/2]*D => 31.50 31.50
Top = [(XL*D)+B+(XR*D)] => 21.00 21.00

R = Area/Wetted Perimeter => 1.44 1.44
R^2/3 = 1.28 1.28
S^1/2 = 0.07 0.07

V = 10.3 10.3
Q = V * A => 325.0 325.0

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)
C = discharge coefficient
A = area of the orifice opening (sf)
g = gravitational acceleration (ft/s2)
H = effective head (ft)

Calculations
C = 0.6

hole diameter = 0 inch
A = 0 sf
g = 32.174 ft/s2

H = Varies ft
Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe
0.5 0.0
1.0 0.0
1.5 0.0
2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula
Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters
Pipe Diameter 0 inches

Pipe Slope 1.00%
Manning's "n" 0.012 RCP

Results
Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations
Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft
R= 0

R^2/3 = 0
S^1/2 = 0.1000

V = 0.0000
Q = VA

Area = 0 Sq Ft
Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

RUNOFF CALCULATIONS South Drainage Area
Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 7 Minutes Seelye Chart
Drainage Area: 9.5 Acres Grading Plan

Storm
Frequency

Tc,
Minutes

Intensity, (I)
= In/Hr

Runoff
Coefficient

Area
(Acres)

Q, Runoff
Flow

(CFS)
5-Yr 7 5.04 0.95 9.5 45

10-Yr 7 5.67 0.95 9.5 51
25-Yr 7 6.22 0.95 9.5 56
50-Yr 7 7.35 0.95 9.5 66
100-Yr 7 7.63 0.95 9.5 69

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters South Channel on Bench Flume for S + E
25 Yr Storm Runoff 56 cfs 25 Yr Storm Runoff 74 cfs

Bottom Width, B 0.0 feet 8.0 feet
Sideslope Left, XL 3.5 z : 1 2.0 z : 1

Sideslope Right, XR 3.5 z : 1 2.0 z : 1
Channel Slope, S 0.50% 5.00%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.013 concrete 0.013 concrete
top width = 21.00 feet 16.00 feet

Results
Flow (Q) = 325.0 cu. ft. per sec. 773.7 cu. ft. per sec.

Velocity (V) = 10.3 feet per second 32.2 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 10.92 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 10.92 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 21.84 16.94

A = [(Top+B)/2]*D => 31.50 24.00
Top = [(XL*D)+B+(XR*D)] => 21.00 16.00

R = Area/Wetted Perimeter => 1.44 1.42
R^2/3 = 1.28 1.26
S^1/2 = 0.07 0.22

V = 10.3 32.2
Q = V * A => 325.0 773.7

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)
C = discharge coefficient
A = area of the orifice opening (sf)
g = gravitational acceleration (ft/s2)
H = effective head (ft)

Calculations
C = 0.6

hole diameter = 36 inch Twin pipes
A = 7.065 sf
g = 32.174 ft/s2

H = Varies ft
Head, ft Q, cfs

1.5 41.6 Top of Culvert Pipe
2.0 48.1
2.5 53.8
3.0 58.9
3.5 63.6
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SURFACE WATER DRAINAGE CALCULATIONS
Client: AEP

Project: Rockport Phase I Closure
Project No.: N1215154

By:  JLH Date: 8/23/2021

Terracon Consultants, Inc.
611 LUNKEN PARK DRIVE
CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula
Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters
Pipe Diameter 36 inches

Pipe Slope 1.00%
Manning's "n" 0.012 RCP

Results
Velocity (V) = 10.2 fps

Flow (Q) = 72.45 cfs

Calculations
Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 3 ft
R= 0.75

R^2/3 = 0.8254818
S^1/2 = 0.1000

V = 10.2497
Q = VA

Area = 7.0686 Sq Ft
Wetted Perimeter 9.4248

R= 0.75

3 of 3
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APPENDIX 2 
SURFACE WATER DRAINAGE CALCULATIONS – 

PHASE II CLOSURE 
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

RUNOFF CALCULATIONS D1 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart

Drainage Area: 10.15 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 2 6.24 0.95 10.15 60

10-Yr 2 6.80 0.95 10.15 66
25-Yr 2 7.19 0.95 10.15 69
50-Yr 2 8.62 0.95 10.15 83

100-Yr 2 8.79 0.95 10.15 85

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Channel Channel
100 Yr Storm Runoff 85 cfs 25 Yr Storm Runoff 69 cfs

Bottom Width, B 0.0 feet 0.0 feet
Sideslope Left, XL 4.0 z : 1 4.0 z : 1

Sideslope Right, XR 4.0 z : 1 4.0 z : 1

Channel Slope, S 0.82% 0.82%
Channel Depth, D 3.00 feet 3.00 feet

Manning's "n" 0.030 vegetation 0.030 vegetation
top width = 24.00 feet 24.00 feet

Results
Flow (Q) = 207.4 cu. ft. per sec. 207.4 cu. ft. per sec.

Velocity (V) = 5.8 feet per second 5.8 feet per second

170/(Tc+23)
230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 12.37 12.37
HR = SQRT((XR*D)(XR*D)+(D*D)) => 12.37 12.37

Bottom = B => 0.00 0.00
WP = HL+HR+B => 24.74 24.74

A = [(Top+B)/2]*D => 36.00 36.00
Top = [(XL*D)+B+(XR*D)] => 24.00 24.00

R = Area/Wetted Perimeter => 1.46 1.46
R^2/3 = 1.28 1.28
S^1/2 = 0.09 0.09

V = 5.8 5.8
Q = V * A => 207.4 207.4

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = 36 inch

A = 7.065 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

1.5 41.6 Top of Culvert Pipe

2.0 48.1

2.5 53.8

3.0 58.9

3.5 63.6
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 36 inches

Pipe Slope 2.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 14.5 fps

Flow (Q) = 102.46 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 3 ft

R= 0.75

R^2/3 = 0.8254818

S^1/2 = 0.1414

V = 14.4953

Q = VA

Area = 7.0686 Sq Ft

Wetted Perimeter 9.4248

R= 0.75

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

RUNOFF CALCULATIONS D2 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart

Drainage Area: 9.2 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 2 6.24 0.95 9.2 55

10-Yr 2 6.80 0.95 9.2 59
25-Yr 2 7.19 0.95 9.2 63
50-Yr 2 8.62 0.95 9.2 75

100-Yr 2 8.79 0.95 9.2 77

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Channel Flume + D3 + D4 + D5
25 Yr Storm Runoff 63 cfs 25 Yr Storm Runoff 122 cfs

Bottom Width, B 0.0 feet 8.0 feet
Sideslope Left, XL 4.0 z : 1 2.0 z : 1

Sideslope Right, XR 4.0 z : 1 2.0 z : 1

Channel Slope, S 0.64% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 24.00 feet 16.00 feet

Results
Flow (Q) = 183.2 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 5.1 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 12.37 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 12.37 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 24.74 16.94

A = [(Top+B)/2]*D => 36.00 24.00
Top = [(XL*D)+B+(XR*D)] => 24.00 16.00

R = Area/Wetted Perimeter => 1.46 1.42
R^2/3 = 1.28 1.26
S^1/2 = 0.08 0.58

V = 5.1 30.9
Q = V * A => 183.2 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 2.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1414

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

RUNOFF CALCULATIONS D3 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart

Drainage Area: 1.1 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 2 6.24 0.95 1.1 7

10-Yr 2 6.80 0.95 1.1 7
25-Yr 2 7.19 0.95 1.1 8
50-Yr 2 8.62 0.95 1.1 9

100-Yr 2 8.79 0.95 1.1 9

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench Flume + D4 + D5
25 Yr Storm Runoff 8 cfs 25 Yr Storm Runoff 59 cfs

Bottom Width, B 0.0 feet 8.0 feet
Sideslope Left, XL 3.0 z : 1 2.0 z : 1

Sideslope Right, XR 3.0 z : 1 2.0 z : 1

Channel Slope, S 0.46% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 18.00 feet 16.00 feet

Results
Flow (Q) = 114.8 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 4.3 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 18.97 16.94

A = [(Top+B)/2]*D => 27.00 24.00
Top = [(XL*D)+B+(XR*D)] => 18.00 16.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.26
S^1/2 = 0.07 0.58

V = 4.3 30.9
Q = V * A => 114.8 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 2.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1414

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

RUNOFF CALCULATIONS D4 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 9 Minutes Seelye Chart

Drainage Area: 3.69 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 9 4.68 0.95 3.69 16

10-Yr 9 5.31 0.95 3.69 19
25-Yr 9 5.90 0.95 3.69 21
50-Yr 9 6.94 0.95 3.69 24

100-Yr 9 7.25 0.95 3.69 25

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench + D5 Flume + D5

25 Yr Storm Runoff 51 cfs 25 Yr Storm Runoff 51 cfs
Bottom Width, B 0.0 feet 8.0 feet

Sideslope Left, XL 3.0 z : 1 2.0 z : 1
Sideslope Right, XR 3.0 z : 1 2.0 z : 1

Channel Slope, S 0.57% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 18.00 feet 16.00 feet

Results
Flow (Q) = 127.7 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 4.7 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 18.97 16.94

A = [(Top+B)/2]*D => 27.00 24.00
Top = [(XL*D)+B+(XR*D)] => 18.00 16.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.26
S^1/2 = 0.08 0.58

V = 4.7 30.9
Q = V * A => 127.7 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0

2 of 3



SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 1.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1000

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

RUNOFF CALCULATIONS D5 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 10 Minutes Seelye Chart

Drainage Area: 5.5 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 10 4.52 0.95 5.5 24

10-Yr 10 5.15 0.95 5.5 27
25-Yr 10 5.75 0.95 5.5 30
50-Yr 10 6.76 0.95 5.5 35

100-Yr 10 7.07 0.95 5.5 37

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench Sideslope Bench
100 Yr Storm Runoff 37 cfs 25 Yr Storm Runoff 30 cfs

Bottom Width, B 0.0 feet 0.0 feet
Sideslope Left, XL 3.0 z : 1 3.0 z : 1

Sideslope Right, XR 3.0 z : 1 3.0 z : 1

Channel Slope, S 0.50% 0.50%
Channel Depth, D 3.00 feet 3.00 feet

Manning's "n" 0.030 vegetation 0.030 vegetation
top width = 18.00 feet 18.00 feet

Results
Flow (Q) = 119.6 cu. ft. per sec. 119.6 cu. ft. per sec.

Velocity (V) = 4.4 feet per second 4.4 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)

1 of 3



SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 9.49
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 9.49

Bottom = B => 0.00 0.00
WP = HL+HR+B => 18.97 18.97

A = [(Top+B)/2]*D => 27.00 27.00
Top = [(XL*D)+B+(XR*D)] => 18.00 18.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.27
S^1/2 = 0.07 0.07

V = 4.4 4.4
Q = V * A => 119.6 119.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0

2 of 3



SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 2.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1414

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

RUNOFF CALCULATIONS D6 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 10 Minutes Seelye Chart

Drainage Area: 12.3 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 10 4.52 0.95 12.3 53

10-Yr 10 5.15 0.95 12.3 60
25-Yr 10 5.75 0.95 12.3 67
50-Yr 10 6.76 0.95 12.3 79

100-Yr 10 7.07 0.95 12.3 83

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench Sideslope Bench
100 Yr Storm Runoff 83 cfs 25 Yr Storm Runoff 67 cfs

Bottom Width, B 0.0 feet 0.0 feet
Sideslope Left, XL 3.0 z : 1 3.0 z : 1

Sideslope Right, XR 3.0 z : 1 3.0 z : 1

Channel Slope, S 0.52% 0.52%
Channel Depth, D 3.00 feet 3.00 feet

Manning's "n" 0.030 vegetation 0.030 vegetation
top width = 18.00 feet 18.00 feet

Results
Flow (Q) = 122.0 cu. ft. per sec. 122.0 cu. ft. per sec.

Velocity (V) = 4.5 feet per second 4.5 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 9.49
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 9.49

Bottom = B => 0.00 0.00
WP = HL+HR+B => 18.97 18.97

A = [(Top+B)/2]*D => 27.00 27.00
Top = [(XL*D)+B+(XR*D)] => 18.00 18.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.27
S^1/2 = 0.07 0.07

V = 4.5 4.5
Q = V * A => 122.0 122.0

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0

2 of 3



SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/9/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 2.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1414

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

RUNOFF CALCULATIONS D7 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 11 Minutes Seelye Chart

Drainage Area: 4.34 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 11 4.37 0.95 4.34 18

10-Yr 11 5.00 0.95 4.34 21
25-Yr 11 5.61 0.95 4.34 23
50-Yr 11 6.58 0.95 4.34 27

100-Yr 11 6.90 0.95 4.34 28

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench + D6 Flume + D6

25 Yr Storm Runoff 90 cfs 25 Yr Storm Runoff 90 cfs
Bottom Width, B 0.0 feet 8.0 feet

Sideslope Left, XL 3.0 z : 1 2.0 z : 1
Sideslope Right, XR 3.0 z : 1 2.0 z : 1

Channel Slope, S 0.50% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 18.00 feet 16.00 feet

Results
Flow (Q) = 119.6 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 4.4 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 18.97 16.94

A = [(Top+B)/2]*D => 27.00 24.00
Top = [(XL*D)+B+(XR*D)] => 18.00 16.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.26
S^1/2 = 0.07 0.58

V = 4.4 30.9
Q = V * A => 119.6 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0

2 of 3



SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 1.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1000

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

RUNOFF CALCULATIONS D8 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart

Drainage Area: 2.02 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 2 6.24 0.95 2.02 12

10-Yr 2 6.80 0.95 2.02 13
25-Yr 2 7.19 0.95 2.02 14
50-Yr 2 8.62 0.95 2.02 17

100-Yr 2 8.79 0.95 2.02 17

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench Flume + D6 + D7

25 Yr Storm Runoff 14 cfs 25 Yr Storm Runoff 104 cfs
Bottom Width, B 0.0 feet 8.0 feet

Sideslope Left, XL 3.0 z : 1 2.0 z : 1
Sideslope Right, XR 3.0 z : 1 2.0 z : 1

Channel Slope, S 0.50% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 18.00 feet 16.00 feet

Results
Flow (Q) = 119.6 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 4.4 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 18.97 16.94

A = [(Top+B)/2]*D => 27.00 24.00
Top = [(XL*D)+B+(XR*D)] => 18.00 16.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.26
S^1/2 = 0.07 0.58

V = 4.4 30.9
Q = V * A => 119.6 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 1.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1000

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

RUNOFF CALCULATIONS D9 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 8 Minutes Seelye Chart

Drainage Area: 7.22 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 8 4.85 0.95 7.22 33

10-Yr 8 5.48 0.95 7.22 38
25-Yr 8 6.05 0.95 7.22 42
50-Yr 8 7.14 0.95 7.22 49

100-Yr 8 7.44 0.95 7.22 51

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench Flume

25 Yr Storm Runoff 42 cfs 25 Yr Storm Runoff 42 cfs
Bottom Width, B 0.0 feet 8.0 feet

Sideslope Left, XL 3.0 z : 1 2.0 z : 1
Sideslope Right, XR 3.0 z : 1 2.0 z : 1

Channel Slope, S 0.50% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 18.00 feet 16.00 feet

Results
Flow (Q) = 119.6 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 4.4 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 18.97 16.94

A = [(Top+B)/2]*D => 27.00 24.00
Top = [(XL*D)+B+(XR*D)] => 18.00 16.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.26
S^1/2 = 0.07 0.58

V = 4.4 30.9
Q = V * A => 119.6 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 1.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1000

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

RUNOFF CALCULATIONS D10 Drainage Area

Stormwater Flow using Rational Method, Q = C I A
Check 5-YR to 100-Yr storm event, Type II Storm
Runoff Coefficient, C 0.95 Roofs
Rainfall Intensity (I), based on Time of Concentration (Tc)
Time of Concentration 2 Minutes Seelye Chart

Drainage Area: 1.57 Acres Grading Plan

Storm 
Frequency

Tc, 
Minutes

Intensity, (I) 
= In/Hr

Runoff 
Coefficient

Area 
(Acres)

Q, Runoff 
Flow 

(CFS)
5-Yr 2 6.24 0.95 1.57 9

10-Yr 2 6.80 0.95 1.57 10
25-Yr 2 7.19 0.95 1.57 11
50-Yr 2 8.62 0.95 1.57 13

100-Yr 2 8.79 0.95 1.57 13

CHANNEL FLOW ANALYSIS
Calculation of Flow in a Trapezoidal Channel using Manning's Formula

Velocity (V) = (1.486/n)(R^2/3)(S^1/2)
Flow (Q) = Velocity  x  Area (VA)

n = Manning's Friction Factor
R = Hydraulic Radius (Area/Wetted Perimeter)
S = Channel Slope
A = Area

Design Parameters Sideslope Bench Flume + D9

25 Yr Storm Runoff 11 cfs 25 Yr Storm Runoff 53 cfs
Bottom Width, B 0.0 feet 8.0 feet

Sideslope Left, XL 3.0 z : 1 2.0 z : 1
Sideslope Right, XR 3.0 z : 1 2.0 z : 1

Channel Slope, S 0.50% 33.30%
Channel Depth, D 3.00 feet 2.00 feet

Manning's "n" 0.030 vegetation 0.035 riprap
top width = 18.00 feet 16.00 feet

Results
Flow (Q) = 119.6 cu. ft. per sec. 741.6 cu. ft. per sec.

Velocity (V) = 4.4 feet per second 30.9 feet per second

230/(Tc+30)
250/(Tc+27)
290/(Tc+31)

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Intensity, (I) = In/Hr 
Calculation
131/(Tc+19)
170/(Tc+23)

1 of 3



SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Calculations
Wetted Perimeter WP = HL+HR+B

HL = SQRT((XL*D)(XL*D)+(D*D)) => 9.49 4.47
HR = SQRT((XR*D)(XR*D)+(D*D)) => 9.49 4.47

Bottom = B => 0.00 8.00
WP = HL+HR+B => 18.97 16.94

A = [(Top+B)/2]*D => 27.00 24.00
Top = [(XL*D)+B+(XR*D)] => 18.00 16.00

R = Area/Wetted Perimeter => 1.42 1.42
R^2/3 = 1.27 1.26
S^1/2 = 0.07 0.58

V = 4.4 30.9
Q = V * A => 119.6 741.6

Culvert Pipes

Orifice Flow - Round Hole

Orifice Equation: Q = C x A x Sqrt(2gH)

Q = flow (cfs)

C = discharge coefficient

A = area of the orifice opening (sf)

g = gravitational acceleration (ft/s2)

H = effective head (ft)

Calculations

C = 0.6

hole diameter = inch

A = 0 sf

g = 32.174 ft/s2

H = Varies ft

Head, ft Q, cfs

0.0 0.0 Top of Culvert Pipe

0.5 0.0

1.0 0.0

1.5 0.0

2.0 0.0
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SURFACE WATER DRAINAGE CALCULATIONS

Client: AEP

Project: Rockport Phase II Closure

Project No.: 1000013128

By:  JLH Date: 6/10/2026

Terracon Consultants, Inc.

611 LUNKEN PARK DRIVE

CINCINNATI, OHIO 45266

Pipe Flow Capacity using Manning's Formula

Velocity (V) = (1.49/n)(R2/3)(S1/2)

Flow (Q) = Velocity times Area (VA)

Design Parameters

Pipe Diameter 0 inches

Pipe Slope 1.00%

Manning's "n" 0.012 RCP

Results

Velocity (V) = 0.0 fps

Flow (Q) = 0.00 cfs

Calculations

Hydraulic Radius Area/Wetted Perimeter = Diameter/4Area/Wetted Perimeter = Diameter/4

Diameter = 0 ft

R= 0

R^2/3 = 0

S^1/2 = 0.1000

V = 0.0000

Q = VA

Area = 0 Sq Ft

Wetted Perimeter 0

R= #DIV/0!

3 of 3
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Run-on and Run-off Control System Plan 

Rockport Restricted Waste Landfill | Rockport, Indiana 

September 1, 2026 | Terracon Project No. 1000013128 
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APPENDIX 3: PLAN REVIEW LOG



Run-on and Run-off Control System Plan 

Rockport Restricted Waste Landfill | Rockport, Indiana 

September 1, 2026 | Terracon Project No. 1000013128 
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Plan Review and Changes in Facility Configuration 
 
Scheduled reviews and Plan amendments shall be recorded in the Plan Review Log below.  
This log must be completed even if no amendment is made to the Plan as a result of the 
review.   
 

By Date 
Amendment 
Description 

P.E. 
certification 

required? 
P.E. Name 

Licensing 
State: 

Registration 
No. 

Terracon 
Consultants, Inc. 

9/13/2016 Initial Plan Yes Bruce Rome 
Indiana 

PE60910201 

Terracon 
Consultants, Inc. 

9/29/2021 5-Year Update Yes 
John 

Hattersley 
Indiana 

PE19700207 

Terracon 
Consultants, Inc. 

9/1/2026 5-Year Update Yes 
John 

Hattersley 
Indiana 

PE19700207 

      

      

      

      



Run-on and Run-off Control System Plan 

Rockport Restricted Waste Landfill | Rockport, Indiana 

September 1, 2026 | Terracon Project No. 1000013128 

 

 
    

 Facilities | Environmental | Geotechnical | Materials 

APPENDIX 4: PROFESSIONAL 
ENGINEER CERTIFICATION PAGE



Run-on and Run-off Control System Plan 

Rockport Restricted Waste Landfill | Rockport, Indiana 

September 1, 2026 | Terracon Project No. 1000013128 
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Professional Engineer Certification Page 
 
The undersigned licensed Professional Engineer (P.E.) attests that this Run-on and Run-off 
Control Plan has been prepared, reviewed, and/or revised in accordance with good 
engineering practice, including consideration of applicable industry standards and the 
requirements of 40 CFR 257.  This certification in no way relieves the owner or operator of 
the facility of his/her duty to fully implement this Plan. 
 

Engineer: John L. Hattersley 
Registration 
Number: PE19700207 

State: Indiana 

Date: September 1, 2026 
 
P.E. certification is required for the original Plan and Plan reviews and amendments. 
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