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SOUTH ASH POND 2S AND SOUTH ASH POND 3S 

WILL COUNTY STATION 
OCTOBER 2016 

 
Pursuant to Code of Federal Regulations Title 40, Part 257, Subpart D (40 CFR), herein referred 
to as the coal combustion residual (CCR) Rule, Section 257.82(c), Geosyntec Consultants 
(Geosyntec) prepared this Inflow Design Flood Control System Plan for South Ash Ponds 2S and 
3S (Ponds 2S and 3S) at the Will County Station (Site) in Romeoville, Illinois. The Basins are 
owned and operated by Midwest Generation, LLC (Midwest Generation). 

Section 257.82(c) of the CCR Rule requires that operators of every existing or new CCR surface 
impoundment design, construct, operate, and maintain an inflow design flood control system that 
adequately manages flow into the CCR unit during and following the peak discharge of the 
inflow design flood. The Preamble to the CCR Rule provides guidance on the documentation 
that should be provided for the inflow design flood control system plan. 

This Inflow Design Flood Control System Plan for Ponds 2S and 3S meets the requirements of 
§257.82(c). The inflow design flood control systems consist of maintaining operational levels 
within the Ponds and emergency overflow structures. Justification and documentation of the 
adequacy of the inflow design flood control systems are presented in the sections below.  

The work presented in this report was performed under the direction of Ms. Jane Soule, P.E., of 
Geosyntec Consultants, Inc. (Geosyntec) in accordance with §257.82(c). Mr. Robert White 
reviewed this plan in accordance with Geosyntec’s senior review policy. 

1. Pond Design 

The Ponds are approximately 2 acres each and are located in the southwestern portion of the Site, 
west of the switchyard, and east of the Des Plaines River (Figure 1). Ponds 2S and 3S are 
currently operated to intermittently receive approximately 3,400 gallons per minute (gpm) of 
sluiced CCR and other process water from plant operations. Inflow from plant operations is 
discharged into Ponds 2S and 3S through supported pipes. Plant flows are generally directed to 
one pond (the receiving pond) while dewatering and CCR removal is conducted in the other 
pond.  

Ponds 2S and 3S include outlet systems that consist of a weir and trough located along their 
western boundary. Outflow from Pond 3S flows from the trough to a 36-inch reinforced concrete 
pipe to a junction box that connects to a 48-inch reinforced concrete pipe (48-inch Collector 
Pipe) that drains north to the Recycle Pump Station wet well (Figure 2). Outflow from Pond 2S 
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flows from the trough to a 36-inch reinforced concrete pipe that tees into the 48-inch Collector 
Pipe that drains to the Recycle Pump Station wet well. The junction box includes a metal grate at 
approximately elevation 588.5 feet MSL1 that serves as an emergency overflow structure for 
both ponds. 

Ponds 1S and 1N are located north of Ponds 2S and 3S and are no longer in service. Ponds 1S 
and 1N also drain stormwater into the 48-inch Collector Pipe. Ponds 1S and 1N have been 
retrofitted with dewatering systems that drain water from the bottom of the ponds as well as 
stormwater runoff from the remaining weir and trough systems similar to those in Ponds 2S and 
3S. A retention basin, approximately 0.37 acres in plan area and located northeast of the Recycle 
Pump Station, also drains to the Recycle Pump Station. An additional emergency overflow 
structure, with a grate elevation of approximately 590 feet MSL is located west of the Recycle 
Pump Station. Discharge from Ponds 1N, 1S and the retention basin are evaluated in this plan 
because they discharge to the 48-inch Collector Pipe that also carries flow from Ponds 2S and 3S 
and the emergency overflow structures are common to these five ponds. 

There are four operational low-pressure recycle pumps in the Recycle Pump Station. Each pump 
has a rated capacity of 5,000 gpm (at a total head of 80 feet). These pumps operate in parallel 
and discharge into a 36 inch (in) pressure main. The pressure main tees at a 16-inch blowdown 
line to the wastewater treatment system and a 30–inch return line back to the plant. From the 
wastewater treatment system, treated blowdown is discharged at a permitted National Pollutant 
Discharge Elimination System (NPDES) outfall at a maximum rate of 3.71 million gallons per 
day (MGD). 

2. Inflow Design Flood Control System Plan Documentation 

Due to the relatively small size and design of the Ponds, some of the references and drawings 
recommended for inclusion in the Inflow Design Flood Control System Plan by the Preamble to 
the CCR Rule (page 21392) are not applicable. Table 1 below provides a summary of this 
documentation. 

                                                 
1 Mean Sea Level – vertical datum unknown. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi-moHmn8nPAhUO8mMKHc-SCecQFggeMAA&url=https%3A%2F%2Fwww.epa.gov%2Fnpdes&usg=AFQjCNFPs2dhTUV0EQHhhMm04tJuqmPglg
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwi-moHmn8nPAhUO8mMKHc-SCecQFggeMAA&url=https%3A%2F%2Fwww.epa.gov%2Fnpdes&usg=AFQjCNFPs2dhTUV0EQHhhMm04tJuqmPglg
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Table 1: Recommended Documentation 
 

Documentation Assessment 

Identification of the design storm event 
for the catchment area and CCR unit 

Identification of the design storm event is provided in 
Section 4. Figure 2 presents a drawing of the ponds and 
catchment areas. 

Characterization of the rainfall 
abstractions, including but not limited 
to depression storage and infiltration in 
the upstream catchment area 

Full capture of the design precipitation event was assumed, 
so rainfall abstractions were assumed to be zero, i.e., 100% 
of the volume falling within the catchment area for each 
pond was routed to the appropriate pond. Typical 
abstractions include mechanisms such as evaporation and 
infiltration. 

Selection and basis of the appropriate 
run-off model and run-on or run-off 
routing model 

A run-on model was not required because full capture within 
the limited catchment areas is demonstrated. A simplified 
analysis is used to demonstrate full capture of the inflow 
design event within each ash pond. Therefore, a run-off 
model was not necessary.  

Identification and characterization of 
any intake or decant structures 

The outflow structures associated with Ponds 2S and 3S are 
described in Section 1 and evaluated in Appendix A. 

Characterization and capacity of 
spillways 

The capacity of the emergency overflow structures is 
presented in Appendix A. 

Characterization of downstream 
hydraulic structures 

The capacity of the inflow design system, including 
overflow structures and Ponds 1N, 1S, 2S and 3S is 
presented in Appendix A. 

3. Catchment Areas 

Based on site topography, Ponds 1N, 1S, 2S, 3S and the retention basin do not receive water 
from a natural stream and do not receive stormwater flows except for direct precipitation that 
falls within the limit of each embankment crest. The catchment areas for the ponds are shown on 
Figure 2. 

In the past, runoff from the South Area Runoff Basins, located south of the Pond 3S, was 
managed in the same 48-inch Collector Pipe that receives outflow from Ponds 2S and 3S. 
However, this connection has been terminated by filling the 48-inch pipe with concrete on the 
southern end.  

4. Design Event 

As Ponds 2S and 3S are classified as significant hazard potential surface impoundments 
(Geosyntec, 2016), the inflow design flood is defined as the 1,000-year flood. Because direct 
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precipitation is collected within the ponds and run-on is limited to the embankment crest areas, 
the inflow design is based on the 1,000-year precipitation event. The 1,000-year, 24-hour and 
1,000-year, 6-hour storm depths were used to determine inflows to the ponds in this analysis. 
The 24-hour storm duration was selected to maximize the volume entering the pond during a 
1000-year event, while the 6-hour duration was used maximize peak flow entering the pond due 
to a shorter duration. Table 2 presents the storm depths for each frequency and duration.  

Table 2: Design Precipitation Events 

Return Interval Duration Depth 
1,000-year 6-hour 8.73 inches 
1,000-year 24-hour 13.3 inches 

   Source: NOAA, 2016 

Total inflow from the design events is calculated as the depth of precipitation multiplied by the 
catchment area2. 
 
5. Analysis of Inflow Design Flow 

Evaluation of the inflow design flood control system included routing of stormwater inflows 
from the design event to the ponds (Ponds 1N, 1S, 2S, 3S, and the retention basin). The EPA’s 
Storm Water Management Model (SWMM) Version 5.1.011 was used to route the inflow design 
flows through the ponds and pipe network (EPA, 2015). A description of the analysis is 
presented in Appendix A.  

Table 3: Routing Analysis Results 

Pond3 
Minimum Freeboard (feet) 

6-hour, 1000-year Design 
Event 

24-hour, 1000-year 
Design Event 

Pond 1N 0.4 0.4 
Pond 1S 0.5 0.5 
Pond 2S 0.5 0.5 
Pond 3S 0.5 0.5 

                                                 
2 Depression storage or infiltration of stormwater into the embankment crest and other rainfall abstractions are 
assumed to be negligible and are not included in inflow volume calculations. Similarly, this calculation does not 
require the use of a run-on model for the precipitation falling on the embankment crest. 

3 The model assumes that all overflow from the retention basin is discharged to the 48-inch Collector Pipe and no 
evaluation of potential storage and variation in freeboard was performed. 
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INFLOW ROUTING CALCULATIONS
Ash Ponds 2S and 3S

Will County Station, Romeoville, Illinois

1. BACKGROUND AND PURPOSE

Pursuant to Code of Federal Regulations Title 40, Part 257, Subpart D, (40 CFR) Section 
257.82(c), Geosyntec Consultants (Geosyntec) prepared this calculation package to support 
development of the Inflow Design Flood Control System Plan for Ash Ponds 2S and 3S at the 
Will County Station (Site) in Will County near Romeoville, Illinois. 40 CFR Section 257.82(c) 
requires that operators of every existing or new CCR (coal combustion residuals) surface 
impoundment design, construct, operate, and maintain an inflow design flood control system that 
adequately manages flow into the CCR units during and following the peak discharge of the 
inflow design flood.  This calculation evaluates the inflow design flood and evaluates the 
capacity of the ponds and downstream outflow systems to handle inflow from this event.

2. SITE DESCRIPTION AND POND CHARACTERISTICS

CCR generated at the site is sluiced into two lined surface impoundments identified as South Ash
Pond 2S and South Ash Pond 3S (Pond 2S and 3S), (see Figure 1). Two additional ponds which 
are no longer in service, South Pond 1S (Pond 1S) and North Ash Pond (Pond 1N), are located 
north of Ponds 2S and 3S. A retention basin is also located northeast of the Recycle Pump 
House. Additional stormwater detention ponds are located south of Ponds 2S and 3S but are 
hydraulically separated from Ponds 2S and 3S and associated drainage/operation systems. The 
Site is bounded by the Des Plaines River on the west and the Chicago Sanitary and Ship Canal 
on the east. 

Water from Ponds 2S and 3S is routed to a Recycle Pump Station north of the ponds via 
overflow weirs (approximate crest elevation 589.5 feet) in each pond. Water that overflows the 
weirs is collected by a pipe network and routed to the Recycle Pump Station via a 48” diameter 
reinforced concrete pipe (RCP) (referred to herein as the 48-inch Collector Pipe). There are four 
operational low-pressure recycle pumps in the Recycle Pump Station.  Each pump has a rated 
capacity of 5,000 gpm (at a total head of 80 feet) to pump the collected water to either the 
wastewater treatment plant, or back to the station. In addition to water from Ponds 2S and 3S, the 
48–inch Collector Pipe collects runoff from Ponds 1S and 1N. Both Ponds 1S and 1N are out of 
service and have been retrofitted with dewatering systems that drain water from the bottom of 
the ponds (with a check value to control backflow) as well as stormwater runoff from the 
remaining weir and trough systems similar to those in Ponds 2S and 3S. Water from the retention 
basin also drains to the 48-inch Collector Pipe via the Recycle Pump Station.

Two concrete box structures with metal grate outlets in the vicinity of Pond 3S and the recycle 
pump station provide emergency overflow for the system. The elevation of these emergency 
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overflow structures is approximately 588.5 feet and 590.0 feet for the overflows near Pond 3S 
and the Recycle Pump Station, respectively. In the event of pump outage or large storm event,
water may collect in the pipe network downstream of the ponds until a water surface elevation 
(WSE) of 588.5 feet is reached, at which point water will either exit the system via the 
emergency overflow structure or flow over the pond weir structures back into the ponds. Figure 2
shows the general site layout and location of ponds, pipe network features, and emergency 
overflow structures.

3. INFLOW DESIGN ANALYSIS

3.1 Design Event

Flood flows are typically established by performing statistical analysis on historical stream gauge 
records. In instances where measured stream flow records are not available, deterministic 
methods such as a design storm method (ASCE, 1996) is used to establish flood flows. In the 
design storm method, a rainfall to runoff analysis is used to establish the flood flows. The 
underlying assumptions in the design storm method are: 1) rainfall will occur uniformly across 
the entire contributing watershed; and 2) a specified return period storm event produces the same 
return period flood flow. The design storm method was used to estimate the inflows to the ponds 
for the 1,000-year precipitation event based on the Hazard Potential Classification Assessment 
(Geosyntec, 2016).

3.2 Precipitation

Precipitation data was obtained from National Oceanic and Atmospheric Administration 
(NOAA) Atlas 14 Point Precipitation Frequency Estimates: IL, see Attachment B (NOAA, 
2016). The 1,000-year, 24-hour and 1,000-year, 6-hour storm depths were used to determine 
inflows to the ponds in this analysis.  The 24-hour storm duration was selected to model a high 
total storm volume entering the ponds during a 1000-year event, while the 6-hour duration was 
used model a higher peak flow entering the ponds due to a shorter duration.  Table 1 presents the 
storm depths for each frequency and duration.  

Table 1: Precipitation Data

Return Interval
(years)

Duration
(hours)

Depth
(inches)

1,000 6 8.73
1,000 24 13.3

3.2 Hydrology and Sub-basin Characteristics

Ponds 2S, 3S, 1S, and 1N are surrounded by embankments on all sides. Inflow into these ponds 
is limited to run-on from the ponds’ embankments and direct precipitation into the ponds. Sub-
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basins for each pond were delineated in ArcGIS and are based on available topography (USGS,
2011).

Due to the limited size of the catchment areas, no losses associated with infiltration or other 
abstractions (e.g. evaporation) were considered and 100% of rainfall in each catchment area is 
considered to enter the associated pond. Inflow hydrographs were developed by applying the 
precipitation depth for the design event (6-hr or 24-hr duration) to the SCS Type II distribution
(NRCS, 1993). The catchment areas and resulting peak inflows are summarized in Table 2.

Table 2: Catchment Areas and Peak Inflows

Pond Catchment 
Area (acres)

Peak Inflow 
24-hr (cfs)

Peak Inflow 
6-hr (cfs)

1S 2.0 26 34
2S 2.2 29 38
3S 2.4 31 41
1N 2.2 28 37

3.3 Process Flow

Pond 2S and 3S are currently operated to receive CCR process water from plant operations.  
Plant flows are generally directed to one pond at a time.  Inflow to Pond 2S (or Pond 3S) is on 
the order of 3,400 gallons per minute (gpm) intermittently, typically over a period of 
approximately 12 hours per day. Inflow is discharged into the pond via an elevated pipe network 
that discharges within the footprint of the pond. Analysis of the 1,000 year stormwater routing 
assumes that process flow, as well as pumping from the Recycle Pump Station, is discontinued 
during the design storm event. 

3.4 Basin Outlet Structures and Culverts

As discussed in Section 2, Ponds 1S, 2S, 3S, and 1N each have overflow weirs (length varies) at 
elevations of 589.5 ft located along their western boundary. The weirs flow into troughs and then 
into 36-inch (Ponds 2S and 3S) and 48-inch (Ponds 1S and 1N) RCP pipes which gravity flow to 
the 48-inch Collector Pipe approximately 40 feet west of the ponds. Additionally, Ponds 1S and 
1N have an additional low flow outlet pipe (invert ~582.5 ft), with backflow preventer, that 
outlets to the same trough as the weir in each respective basin. The outlets for the system 
include water pumped through the Recycle Pump Station (variable) and outflow through one of 
two overflow structures with grates at approximately 588.5 ft. and 590.0 ft. The retention basin 
discharges to the Recycle Pump Station and, for the purpose of this analysis, direct rainfall 
captured by the basin is assumed to discharge directly to the 48-inch Collector Pipe. Tables 3 and 
4 present the properties of the outlet structures and pipe network for the ponds based on available 
design drawings, provided in Attachment A.
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Table 3: Outlet Structures
Outlet Structure Invert Elevation
Pond 1S Weir 589.5 ft
Pond 2S Weir 589.5 ft
Pond 3S Weir 589.5 ft
Pond 1N Weir 589.5 ft
Pond 1S Low 
Flow

582.5 ft

Pond 1N Low 
Flow

582.5 ft

Emergency 
Outflow (3S)

588.5 ft

Emergency 
Outflow (West of 
Pump Station)

590.0 ft

Recycle Pump
Sump (Flooding)

592.0 ft

Table 4: Pipe Network Characteristics

Culvert 
Estimated 

Length 
(feet)

Inlet Invert 
Elevation 

(feet)

Outlet Invert 
Elevation 

(feet)

Size and 
Type

2S36 40 580.5 580 36-inch 
RCP

3S36 44 580.5 580 36-inch 
RCP

1S48 40 580 580 48-inch 
RCP

1N48 40 580 580 48-inch 
RCP

1SLow >10 582.5 582.5 NA1

1NLow >10 582.5 582.5 NA1

48-Inch 
Collector 680 580 580 48-inch 

RCP

1. The size and length of low flow dewatering pipes within Ponds 1S and 1N is not available. 
Capacity of these pipes is not anticipated to limit flow during the design event based on available 
head (7-feet) before weir overtopping.
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3.5 Elevation-Storage Curves

Elevation-storage curves were approximated based on the available topographic data, design 
drawings, and input from site operations staff. Table 5 summarizes the estimated available 
storage above the weir crest (assumed starting WSE).

Table 5: Elevation Storage Curves

Pond Available 
Depth (ft)

Average
Area (ac)

1S 2.0 1.0

2S 1.0 1.25

3S 1.0 1.25

1N 1.0 1.0

3.6 Inflow Design Routing

The EPA’s Storm Water Management Model (SWMM) Version 5.1.011 was used to route the 
inflow design flows through the Ponds and pipe network. SWMM is a dynamic rainfall-runoff 
simulation model that also has hydraulic routing capabilities including dynamic wave analysis. 
The dynamic wave equations allow the model to account for effects such as backwater, 
pressurized flow, pipe storage, and flow reversal by solving the full set of continuity and 
momentum equations (St. Venant equations). Using the model’s dynamic wave routing option, 
the inflow design hydrographs were routed through the pond and pipe network. Model input and 
output files are provided in Attachment E. Key simulation parameters are summarized in Table 6 
below. 

Table 6: SWMM Model Parameters

Parameter Input

Routing Method Dynamic Wave

Time Steps 0.1 Seconds

Simulation Length 24 Hours

3.7 Initial Conditions and Assumptions

The model assumes that the water level in both Pond 2S and 3S is at the top of the weir, 589.5 
feet. Ponds 1S and 1N are assumed to contain no free water, and the 48-inch Collector Pipe) was 
assumed to be full. Pipe roughness n-values of 0.014 were assumed for all pipes (SWMM User’s 
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Manual Table A.7 for smooth concrete, EPA, 2015). Minor loss coefficients for pipe entrances, 
exits, and junctions were assumed to be 0.5 (HEC-22, USDOT, 2009).

4. RESULTS AND CONCLUSIONS

Based on the analysis of both the 1,000-year, 24-hour storm and the 1,000-year, 6-hour storm, 
the ponds and associated downstream hydraulic structures convey the flow and maintain a 
minimum of 0.46-ft and 0.51-ft of freeboard in Ponds 2S and 3S. Tables 7 and 8 summarize the 
results of the maximum water surface elevation reached in the ponds and the maximum inflows 
and outflows. Full inflow and outflow hydrographs are provided in Attachment D.

Table 7: Results 1,000-year, 24-hour Storm

Pond
Maximum

Water Surface 
Elevation (ft)

Freeboard
(ft)

Maximum 
Inflow
(cfs)

Maximum 
Outflow

(cfs)
1S 590.00 0.50 26.3 25.3
2S 590.04 0.46 29.1 13.8

3S* 589.99 0.51 31.2 17.5
1N* 590.10 0.40 28.4 17.5

Retention 
Basin - - 4.82 4.82

Table 8: Results 1,000-year, 6-hour Storm

Pond
Maximum 

Water Surface 
Elevation (ft)

Freeboard
(ft)

Maximum 
Inflow 
(cfs)

Maximum 
Outflow

(cfs)
1S 589.98 0.52 34.5 11.73
2S 590.03 0.47 38.1 13.52

3S* 589.99 0.51 40.8 17.60
1N* 590.09 0.41 37.2 7.86

Retention 
Basin - - 6.31 6.31

*Maximum outflow values for Ponds 3S and 1N represent net flow values (i.e. the sum of 
inflows or outflows through both 1S48 and 1N48 and the respective weir in each pond). 
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Data description 

Data type: Precipitation depth Units: English Time series type: Partial duration

Select location

1) Manually:

a) By location

 Decimal degrees  Degrees, decimal minutes  Degrees, minutes, seconds

Latitude: ____.____°  N Longitude: ____.____°  E Submit

b) By station

Click here for a list of stations used in frequency analysis for IL:

Select station

c) By address

2) Use map:

a) Select location

Move crosshair or double click

b) Click on station icon

 Show stations on map

Location information:
Name: Lockport, Illinois, USA*
Latitude: 41.5638° N
Longitude: -88.0754° E
Elevation: 562.95 ft **

* Source: ESRI Maps
** Source: USGS

PF tabular  PF graphical  Supplementary information

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

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min
0.387

(0.348‑0.431)
0.435

(0.395‑0.480)
0.484

(0.439‑0.534)
0.578

(0.523‑0.637)
0.661

(0.595‑0.730)
0.756

(0.674‑0.838)
0.840

(0.742‑0.936)
0.932

(0.812‑1.05)
1.05

(0.896‑1.19)
1.18

(0.993‑1.37)

10-min
0.601

(0.541‑0.670)
0.679

(0.616‑0.749)
0.752

(0.683‑0.830)
0.891

(0.807‑0.983)
1.01

(0.910‑1.12)
1.15

(1.02‑1.27)
1.26

(1.12‑1.41)
1.39

(1.21‑1.56)
1.54

(1.32‑1.75)
1.72

(1.45‑1.99)

15-min
0.737

(0.664‑0.821)
0.830

(0.753‑0.917)
0.923

(0.838‑1.02)
1.10

(0.993‑1.21)
1.25

(1.12‑1.38)
1.42

(1.26‑1.57)
1.57

(1.39‑1.75)
1.73

(1.51‑1.95)
1.92

(1.64‑2.18)
2.16

(1.81‑2.49)

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: IL


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WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION

NOAA Atlas 14, Volume 2, Version 3
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30-min 0.975
(0.878‑1.09)

1.11
(1.01‑1.23)

1.26
(1.15‑1.40)

1.52
(1.38‑1.68)

1.76
(1.59‑1.95)

2.03
(1.81‑2.25)

2.27
(2.00‑2.53)

2.53
(2.20‑2.84)

2.84
(2.44‑3.23)

3.23
(2.71‑3.73)

60-min
1.19

(1.07‑1.33)
1.36

(1.24‑1.50)
1.59

(1.44‑1.75)
1.94

(1.75‑2.14)
2.29

(2.06‑2.52)
2.67

(2.38‑2.96)
3.03

(2.68‑3.38)
3.43

(2.98‑3.85)
3.93

(3.37‑4.47)
4.54

(3.80‑5.24)

2-hr
1.38

(1.24‑1.54)
1.59

(1.44‑1.76)
1.86

(1.69‑2.06)
2.29

(2.07‑2.53)
2.72

(2.44‑3.02)
3.21

(2.85‑3.56)
3.67

(3.23‑4.09)
4.17

(3.62‑4.68)
4.81

(4.11‑5.46)
5.58

(4.66‑6.42)

3-hr
1.49

(1.33‑1.67)
1.71

(1.55‑1.91)
2.02

(1.82‑2.25)
2.49

(2.24‑2.78)
2.97

(2.66‑3.32)
3.52

(3.11‑3.93)
4.03

(3.53‑4.53)
4.59

(3.97‑5.20)
5.32

(4.51‑6.08)
6.19

(5.14‑7.17)

6-hr
1.77

(1.58‑2.01)
2.04

(1.83‑2.30)
2.42

(2.16‑2.73)
3.04

(2.70‑3.43)
3.70

(3.27‑4.18)
4.48

(3.90‑5.06)
5.24

(4.50‑5.95)
6.12

(5.16‑6.98)
7.29

(6.01‑8.40)
8.73

(7.00‑10.2)

12-hr
2.06

(1.82‑2.36)
2.36

(2.10‑2.69)
2.78

(2.47‑3.17)
3.47

(3.06‑3.95)
4.21

(3.69‑4.79)
5.06

(4.39‑5.77)
5.91

(5.05‑6.76)
6.87

(5.78‑7.91)
8.15

(6.70‑9.47)
9.73

(7.77‑11.5)

24-hr
2.40

(2.15‑2.70)
2.90

(2.61‑3.28)
3.70

(3.30‑4.18)
4.40

(3.90‑4.97)
5.49

(4.79‑6.21)
6.49

(5.58‑7.40)
7.65

(6.46‑8.78)
9.03

(7.45‑10.5)
11.2

(8.98‑13.3)
13.3

(10.3‑16.0)

2-day
2.78

(2.48‑3.14)
3.35

(3.00‑3.79)
4.23

(3.76‑4.79)
4.98

(4.41‑5.65)
6.16

(5.36‑7.02)
7.22

(6.19‑8.29)
8.44

(7.13‑9.79)
9.88

(8.15‑11.6)
12.2

(9.72‑14.6)
14.2

(11.1‑17.4)

3-day
2.95

(2.68‑3.29)
3.54

(3.22‑3.95)
4.43

(4.00‑4.94)
5.21

(4.67‑5.83)
6.43

(5.68‑7.26)
7.56

(6.56‑8.61)
8.88

(7.56‑10.2)
10.4

(8.68‑12.2)
13.0

(10.4‑15.6)
15.4

(12.0‑18.9)

4-day
3.12

(2.88‑3.43)
3.73

(3.44‑4.11)
4.63

(4.25‑5.09)
5.43

(4.94‑6.01)
6.71

(6.00‑7.50)
7.90

(6.94‑8.94)
9.31

(8.00‑10.7)
11.0

(9.21‑12.9)
13.8

(11.1‑16.6)
16.5

(12.9‑20.4)

7-day
3.65

(3.39‑3.97)
4.33

(4.03‑4.72)
5.26

(4.88‑5.73)
6.09

(5.61‑6.66)
7.42

(6.72‑8.20)
8.63

(7.69‑9.65)
10.1

(8.78‑11.4)
11.8

(10.0‑13.6)
14.6

(11.9‑17.4)
17.2

(13.7‑21.0)

10-day
4.13

(3.87‑4.45)
4.89

(4.58‑5.27)
5.87

(5.49‑6.34)
6.75

(6.27‑7.31)
8.12

(7.43‑8.87)
9.37

(8.44‑10.3)
10.8

(9.56‑12.1)
12.5

(10.8‑14.3)
15.2

(12.7‑17.9)
17.9

(14.5‑21.5)

20-day
5.62

(5.28‑6.00)
6.63

(6.23‑7.09)
7.83

(7.35‑8.37)
8.87

(8.29‑9.50)
10.4

(9.65‑11.3)
11.8

(10.8‑12.9)
13.4

(12.0‑14.8)
15.2

(13.4‑17.0)
18.0

(15.4‑20.7)
20.5

(17.1‑24.0)

30-day
6.98

(6.60‑7.42)
8.21

(7.76‑8.72)
9.55

(9.01‑10.1)
10.7

(10.0‑11.4)
12.3

(11.5‑13.2)
13.7

(12.7‑14.8)
15.3

(13.9‑16.7)
17.0

(15.3‑18.8)
19.6

(17.2‑22.2)
21.8

(18.8‑25.2)

45-day
8.78

(8.31‑9.28)
10.3

(9.76‑10.9)
11.8

(11.2‑12.5)
13.1

(12.3‑13.9)
14.9

(13.9‑15.9)
16.4

(15.2‑17.6)
18.0

(16.5‑19.4)
19.7

(17.9‑21.6)
22.2

(19.9‑24.8)
24.3

(21.4‑27.6)

60-day
10.6

(10.1‑11.2)
12.4

(11.8‑13.1)
14.2

(13.5‑15.0)
15.7

(14.8‑16.5)
17.7

(16.6‑18.8)
19.3

(18.0‑20.6)
21.0

(19.5‑22.7)
22.9

(20.9‑24.9)
25.5

(23.0‑28.2)
27.6

(24.6‑31.0)

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

Estimates from the table in CSV format: Precipitation frequency estimates  Submit

Main Link Categories:
Home | OWP(OHD)

US Department of Commerce 
National Oceanic and Atmospheric Administration 
National Weather Service 
Office of Water Prediction (OWP) 
1325 East West Highway 
Silver Spring, MD 20910 
Page Author: HDSC webmaster 
Page last modified: August 27, 2014
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ATTACHMENT C

3S EMERGENCY OVERFLOW STRUCTURE CURVE



The outlet from the emergency overflow spillway in the vicinity of Pond 3S is controlled in the 
model by a stage-discharge table that was constructed by combining the flow from a 30-in 
rectangular weir at elevation 588.5 ft. and a 80-in by 40-in grated outlet at an elevation of 589.5 
ft. Curves for both outlets were created based on the weir and orifice equation respectively and 
combined to generate a composite curve. 

Weir Equation:

Q (cfs) = Cd*L*H3/2

Where,

Cd is the coefficient of discharge, assumed to be 3.33 (SWMM Users Manual),

L is the length of the weir (ft), and

H is the head above the weir (ft)

Orifice Equation: 

Q (cfs)= Cd*A* sqrt(2*g*H)

Where,

Cd is the coefficient of discharge for a submerged orifice, assumed to be 0.6 (SWMM 
Users Manual),

A is the area of the orifice,

g is the gravitational constant (32.2 ft/s2), and

H is the head above the weir (ft)

A clogging factor of 0.5 was applied to the resulting orifice flow to account for reduced flow 
area due to the grate and potential trapping of debris.

The combined outflow curve is provided below.

H (ft) Q (cfs) H (ft) Q (cfs) 
0 0.00 1.1 9.6 

0.1 0.26 1.2 11 
0.2 0.74 1.3 12 
0.3 1.4 1.4 14 
0.4 2.1 1.5 15 
0.5 2.9 1.6 17 
0.6 3.9 1.7 18 
0.7 4.9 1.8 20 
0.8 6.0 1.9 22 
0.9 7.1 2 24 
1 8.3 
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HYDROGRAPHS
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Note on hydrograph results: The observed multi-peak nature of the outflow hydrographs depicts the attenuated peak flows (from each of the 
ponds) as they are routed past the respective pond/collector junction. The temporal distribution of the peaks is characterized by the travel time 
within the system and the dynamic storage characteristics of the ponds and system.  
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*negative flows indicate backflow into pond.
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Note on hydrograph results: The observed multi-peak nature of the outflow hydrographs depicts the attenuated peak flows (from each of the 
ponds) as they are routed past the respective pond/collector junction. The temporal distribution of the peaks is characterized by the travel time 
within the system and the dynamic storage characteristics of the ponds and system.. 
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SWMM Files



1000-Year, 6-Hour.rpt

  EPA STORM WATER MANAGEMENT MODEL - VERSION 5.1 (Build 5.1.011)
  --------------------------------------------------------------

  WARNING 04: minimum elevation drop used for Conduit 1
  WARNING 04: minimum elevation drop used for Conduit 2
  WARNING 04: minimum elevation drop used for Conduit 3
  WARNING 04: minimum elevation drop used for Conduit 4
  WARNING 04: minimum elevation drop used for Conduit 13
  WARNING 02: maximum depth increased for Node 1
  
  *********************************************************
  NOTE: The summary statistics displayed in this report are
  based on results found at every computational time step,  
  not just on results from each reporting time step.
  *********************************************************
  
  ****************
  Analysis Options
  ****************
  Flow Units ............... CFS
  Process Models:
    Rainfall/Runoff ........ NO
    RDII ................... NO
    Snowmelt ............... NO
    Groundwater ............ NO
    Flow Routing ........... YES
    Ponding Allowed ........ NO
    Water Quality .......... NO
  Flow Routing Method ...... DYNWAVE
  Starting Date ............ 09/28/2016 00:00:00
  Ending Date .............. 09/28/2016 23:59:00
  Antecedent Dry Days ...... 0.0
  Report Time Step ......... 00:05:00
  Routing Time Step ........ 0.10 sec
  Variable Time Step ....... YES
  Maximum Trials ........... 8
  Number of Threads ........ 1
  Head Tolerance ........... 0.005000 ft
  
  
  **************************        Volume        Volume
  Flow Routing Continuity        acre-feet      10^6 gal
  **************************     ---------     ---------
  Dry Weather Inflow .......         0.000         0.000
  Wet Weather Inflow .......         0.000         0.000
  Groundwater Inflow .......         0.000         0.000
  RDII Inflow ..............         0.000         0.000
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1000-Year, 6-Hour.rpt
  External Inflow ..........         6.683         2.178
  External Outflow .........         6.681         2.177
  Flooding Loss ............         0.000         0.000
  Evaporation Loss .........         0.000         0.000
  Exfiltration Loss ........         0.000         0.000
  Initial Stored Volume ....         0.228         0.074
  Final Stored Volume ......         0.237         0.077
  Continuity Error (%) .....        -0.091
  
  
  *************************
  Highest Continuity Errors
  *************************
  Node Pond-11 (8.01%)
  Node 3 (4.63%)
  Node Pond-10 (-1.66%)
  Node 4 (1.07%)
  
  
  ***************************
  Time-Step Critical Elements
  ***************************
  None
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  Link 8 (7)
  Link 12 (6)
  Link 7 (6)
  Link 2 (6)
  Link 14 (6)
  
  
  *************************
  Routing Time Step Summary
  *************************
  Minimum Time Step           :     0.10 sec
  Average Time Step           :     0.10 sec
  Maximum Time Step           :     0.10 sec
  Percent in Steady State     :     0.00
  Average Iterations per Step :     2.35
  Percent Not Converging      :     5.81
  
  
  ******************
  Node Depth Summary
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1000-Year, 6-Hour.rpt
  ******************
  
  ---------------------------------------------------------------------------------
                                 Average  Maximum  Maximum  Time of Max    Reported
                                   Depth    Depth      HGL   Occurrence   Max Depth
  Node                 Type         Feet     Feet     Feet  days hr:min        Feet
  ---------------------------------------------------------------------------------
  1                    JUNCTION     8.66     9.82   589.82     0  03:06        9.81
  2                    JUNCTION     8.67    20.37   600.37     0  00:14        9.96
  3                    JUNCTION     8.67    10.08   590.08     0  03:18       10.02
  4                    JUNCTION     8.67    10.03   590.03     0  03:06       10.02
  5                    JUNCTION     8.67    10.06   590.06     0  03:09       10.00
  Pond-10              JUNCTION     8.16     9.50   590.00     0  03:06        9.45
  Pond-11              JUNCTION     8.17     9.53   590.03     0  03:06        9.51
  9                    JUNCTION     0.00     0.00   580.00     0  00:00        0.00
  6                    OUTFALL      0.00     0.00   588.50     0  00:00        0.00
  7                    OUTFALL      0.00     0.00   590.00     0  00:00        0.00
  8                    OUTFALL      0.00     0.00   589.50     0  00:00        0.00
  Pond3s               STORAGE      0.03     0.49   589.99     0  03:06        0.47
  Pond2s               STORAGE      0.03     0.53   590.03     0  03:06        0.50
  Pond1s               STORAGE      6.17     7.48   589.98     0  03:08        7.48
  Pond1N               STORAGE      6.17     7.59   590.09     0  03:06        7.56
  
  
  *******************
  Node Inflow Summary
  *******************
  
  
-----------------------------------------------------------------------------------
--------------
                                  Maximum  Maximum                  Lateral       
Total        Flow
                                  Lateral    Total  Time of Max      Inflow      
Inflow     Balance
                                   Inflow   Inflow   Occurrence      Volume      
Volume       Error
  Node                 Type           CFS      CFS  days hr:min    10^6 gal    10^6
gal     Percent
  
-----------------------------------------------------------------------------------
--------------
  1                    JUNCTION      0.00    42.85     0  03:06           0        
2.19       0.404
  2                    JUNCTION      0.00    26.74     0  03:30           0        
1.62       0.100
  3                    JUNCTION      0.00    26.63     0  03:28           0        
1.23       4.850
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1000-Year, 6-Hour.rpt
  4                    JUNCTION      0.00    19.62     0  03:06           0       
0.692       1.083
  5                    JUNCTION      0.00    23.28     0  03:09           0       
0.483       0.000
  Pond-10              JUNCTION      0.00    21.21     0  03:02           0        
0.56      -1.629
  Pond-11              JUNCTION      0.00    17.04     0  03:03           0       
0.546       8.708
  9                    JUNCTION      6.32     6.32     0  02:55      0.0877      
0.0877       0.000
  6                    OUTFALL       0.00    42.84     0  03:06           0        
2.18       0.000
  7                    OUTFALL       0.00     0.45     0  03:06           0    
0.000787       0.000
  8                    OUTFALL       0.00     0.00     0  00:00           0        
  0       0.000 gal
  Pond3s               STORAGE      40.81    40.81     0  02:55       0.566       
0.566       1.043
  Pond2s               STORAGE      38.08    38.08     0  02:55       0.528       
0.528      -3.251
  Pond1s               STORAGE      34.49    44.49     0  02:59       0.479       
0.529      -2.517
  Pond1N               STORAGE      37.22    37.22     0  02:55       0.517       
0.522       8.421
  
  
  **********************
  Node Surcharge Summary
  **********************
  
  Surcharging occurs when water rises above the top of the highest conduit.
  ---------------------------------------------------------------------
                                               Max. Height   Min. Depth
                                   Hours       Above Crown    Below Rim
  Node                 Type      Surcharged           Feet         Feet
  ---------------------------------------------------------------------
  1                    JUNCTION       23.39          1.320        0.000
  2                    JUNCTION       23.98         16.374        0.000
  3                    JUNCTION       23.42          2.084        0.916
  5                    JUNCTION       23.43          2.064        0.936
  Pond-10              JUNCTION       23.98          6.496        1.504
  Pond-11              JUNCTION       23.98          6.535        1.465
  9                    JUNCTION       23.98          0.000        0.000
  
  
  *********************
  Node Flooding Summary
  *********************
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1000-Year, 6-Hour.rpt
  
  No nodes were flooded.
  
  
  **********************
  Storage Volume Summary
  **********************
  
  
-----------------------------------------------------------------------------------
---------------
                         Average     Avg  Evap Exfil       Maximum     Max    Time 
of Max    Maximum
                          Volume    Pcnt  Pcnt  Pcnt        Volume    Pcnt     
Occurrence    Outflow
  Storage Unit          1000 ft3    Full  Loss  Loss      1000 ft3    Full    days 
hr:min        CFS
  
-----------------------------------------------------------------------------------
---------------
  Pond3s                   1.494       3     0     0        26.563      49       0 
03:06      21.21
  Pond2s                   1.813       3     0     0        28.622      53       0 
03:06      17.04
  Pond1s                   2.178       2     0     0        42.591      49       0 
03:08      16.14
  Pond1N                   1.200       3     0     0        25.887      59       0 
03:06      23.28
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------------------
                         Flow       Avg       Max       Total
                         Freq      Flow      Flow      Volume
  Outfall Node           Pcnt       CFS       CFS    10^6 gal
  -----------------------------------------------------------
  6                     78.91      4.27     42.84       2.176
  7                      0.67      0.18      0.45       0.001
  8                      0.00      0.00      0.00       0.000
  -----------------------------------------------------------
  System                26.53      4.45     43.17       2.177
  
  
  ********************
  Link Flow Summary
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1000-Year, 6-Hour.rpt
  ********************
  
  -----------------------------------------------------------------------------
                                 Maximum  Time of Max   Maximum    Max/    Max/
                                  |Flow|   Occurrence   |Veloc|    Full    Full
  Link                 Type          CFS  days hr:min    ft/sec    Flow   Depth
  -----------------------------------------------------------------------------
  1                    CONDUIT     26.74     0  03:30      2.13   10.06    1.00
  2                    CONDUIT     20.30     0  03:28      1.62    5.26    1.00
  3                    CONDUIT     19.15     0  03:06      1.52    4.57    1.00
  4                    CONDUIT     17.51     0  03:07      1.39    4.61    1.00
  12                   CONDUIT     11.66     0  03:00      1.65    0.18    1.00
  11                   CONDUIT     18.12     0  03:06      2.56    0.26    1.00
  9                    CONDUIT      8.96     0  03:25      0.71    0.03    1.00
  10                   CONDUIT      9.87     0  03:07      0.79    0.03    1.00
  13                   DUMMY        6.32     0  02:55
  5                    PUMP         0.00     0  00:00                          
  6                    ORIFICE      0.45     0  03:06                          
  7                    WEIR        21.21     0  03:02                      0.50
  8                    WEIR        17.04     0  03:03                      0.53
  14                   WEIR        14.49     0  03:10                      0.56
  15                   WEIR        13.90     0  03:09                      0.59
  16                   DUMMY       42.84     0  03:06
  
  
  ***************************
  Flow Classification Summary
  ***************************
  
  
-----------------------------------------------------------------------------------
--
                      Adjusted    ---------- Fraction of Time in Flow Class 
---------- 
                       /Actual         Up    Down  Sub   Sup   Up    Down  Norm  
Inlet 
  Conduit               Length    Dry  Dry   Dry   Crit  Crit  Crit  Crit  Ltd   
Ctrl  
  
-----------------------------------------------------------------------------------
--
  1                       1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  2                       1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  3                       1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  4                       1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  

Page 6



1000-Year, 6-Hour.rpt
0.00
  12                      1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  11                      1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  9                       1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  10                      1.00   0.00  0.00  0.00  1.00  0.00  0.00  0.00  0.00  
0.00
  
  
  *************************
  Conduit Surcharge Summary
  *************************
  
  ----------------------------------------------------------------------------
                                                           Hours        Hours 
                         --------- Hours Full --------   Above Full   Capacity
  Conduit                Both Ends  Upstream  Dnstream   Normal Flow   Limited
  ----------------------------------------------------------------------------
  1                          23.98     23.98     23.98      5.19         0.49
  2                          23.98     23.98     23.98      3.15         0.62
  3                          23.98     23.98     23.98      1.90         0.77
  4                          23.98     23.98     23.98      1.88         2.11
  12                         23.98     23.98     23.98      0.01         0.01
  11                         23.98     23.98     23.98      0.01         0.01
  9                          23.58     23.58     23.98      0.01         0.01
  10                         23.57     23.57     23.98      0.01         0.01
  
  
  ***************
  Pumping Summary
  ***************
  
  
-----------------------------------------------------------------------------------
----------------------
                                                  Min       Avg       Max     Total
    Power    % Time Off
                        Percent   Number of      Flow      Flow      Flow    Volume
    Usage    Pump Curve
  Pump                 Utilized   Start-Ups       CFS       CFS       CFS  10^6 gal
    Kw-hr    Low   High
  
-----------------------------------------------------------------------------------
----------------------
  5                        0.00           0      0.00      0.00      0.00     0.000
     0.00    0.0    0.0
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  Analysis begun on:  Mon Oct 10 17:27:38 2016
  Analysis ended on:  Mon Oct 10 17:27:50 2016
  Total elapsed time: 00:00:12
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