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Pursuant to Code of Federal Regulations Title 40, Part 257, Subpart D (40 CFR), herein referred
to as the coal combustion residual (CCR) Rule, §257.82(c), Geosyntec Consultants (Geosyntec)
prepared this Inflow Design Flood Control System Plan for Ash Pond 2 located at the Joliet 29
Station (Site) in Joliet, Illinois (Figure 1). The Site is 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 demonstrates that the existing outlet structures,
conveyance piping, and downstream hydraulic structures for Ash Pond 2 adequately manage
inflow from the design event.

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

1. Pond Design

Ash Pond 2 is located approximately 70 feet south of U.S. Route 6, east of Pond 1, west of
Pond 3 and the east entrance to the Joliet 29 Station, and north of the Des Plaines River and
station intake canal. Prior to the conversion of the Joliet 29 Station to natural gas in May 2016,
Ash Pond 2 received sluiced CCR and other process water. Ash Pond 2 is currently operated to
receive non-CCR process water from plant operations. Pond 1, located just west of Ash Pond 2,
is also operated to receive non-CCR process water. Plant flows are generally directed to one
pond (the receiving pond) at a time. Inflow to Ash Pond 2 (or Pond 1) is on the order of 1,400
gallons per minute (gpm) intermittently, typically over a period of approximately 90 minutes per
day. Inflow is discharged into the pond via an inlet flume and distribution trough on the western
side of the pond. Outflow from Ash Pond 2 occurs on the east side of the pond where an outlet
weir and trough connect to a 30-inch reinforced concrete pipe. Based on design drawings
provided in Appendix A, the design elevation of the top of the outlet weir is 532.85 feet Mean
Sea Level (ft MSL).
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Water discharged from Pond 1 and Ash Pond 2 gravity flows to Pond 3, located east of both
ponds, through a single buried 30-inch diameter pipe (referred to herein as Culvert;.,). Water is
discharged from Pond 3 through an overflow structure located in the southwest corner of the
pond. The overflow structure includes a 30-inch standpipe with an invert elevation of
approximately 529.8 ft MSL that connects to a 24-inch corrugated metal pipe that drains south to
the intake canal. Pond 3 also includes a pump station which is not relied upon to manage the
existing inflows and is therefore not discussed further in this document.

Because Pond 1 and Ash Pond 2 discharge via a common pipe, Culvert;_,, to Pond 3, outflow
from Pond 1 is evaluated in this plan.

2. Inflow Design Flood Control System Plan Documentation

Because of the operating procedures for Ash Pond 2, 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 the
recommended documentation.

Table 1: Recommended Documentation

Documentation Assessment

Identification of the design storm event is provided in
Section 3. A drawing of the Pond 1, Ash Pond 2, and Pond 3
catchment areas is presented in Figure 2.

Characterization of the rainfall Full capture of the design precipitation event was assumed,
abstractions, including but not limited so rainfall abstractions were assumed to be zero, i.e., 100%
to depression storage and infiltration in | of the volume falling within the catchment area for each

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

the upstream catchment area and pond was routed to the appropriate pond. Typical
selection of the appropriate run-off abstractions include mechanisms such as evaporation and
model infiltration.

Inflow and outflow structures associated with Ash Pond 2

Identification and characterization of and Ponds 1 and 3 are described in Section 1 and evaluated

and intake or decant structures

in Appendix A.
Appropriate characterization and Ash Pond 2 does not include a spillway. The capacity of the
capacity of spillways overflow structure for Pond 3 is evaluated in Appendix A.

Pond 3 and associated piping is considered a downstream
structure and is described in Section 1. Capacity of these
structures is presented in Appendix A.

Characterization of downstream
hydraulic structures
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3 Catchment Areas

Ash Pond 2 is surrounded by embankments on the south, east and west. There are no
embankments on the north side of the pond where existing ground elevations generally increase
to the north toward U.S. Route 6. Based on site topography, inflow from precipitation is limited
to run-on from the embankment crests and road north of the pond and precipitation falling
directly into the pond. The catchment areas for Ash Pond 2, Pond 1, and Pond 3 are shown in
Figure 2.

4. Design Event

As Ash Pond 2 is classified as significant hazard potential surface impoundment (Geosyntec,
2016), the inflow design flood is defined as the 1,000-year flood. Because direct precipitation is
collected within the pond 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 pond 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 8.89 inches
1,000-year 24-hour 14.2 inches

Source: NOAA, 2016

Total inflow from the design events is calculated as the depth of precipitation multiplied by the
catchment area’.

5. Analysis of Inflow Design Flow and Storage Capacity

Evaluation of the inflow design flood control system included routing of stormwater inflows
from the design event to Pond 1, Ash Pond 2, and Pond 3 as well as process water to Ash Pond 2
(or Pond 1)2. For this analysis, inflows of process water are assumed to occur concurrently with

! Depression storage or infiltration of stormwater into the embankment crest and other rainfall abstractions are
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.

2 Process water is directed to either Pond 1 or Ash Pond 2. The ponds are not operated to receive process water
concurrently.
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the peak flows of the design storm events. Volume of discharge from the ponds and changes in

water levels within the ponds were calculated by considering the maximum capacity of Culvert;.,

and the Pond 3 overflow structure. A description of the analysis is presented in Appendix A.
Table 3: Results 1,000-year, 24-hour Precipitation Event

Minimum Freeboard

Pond During Design Event
(feet)
Pond 1 1.9
Ash Pond 2 1.8
Pond 3 0.8

Table 4: Results 1,000-year, 6-hour Precipitation Event

Minimum Freeboard

Pond During Design Event
(feet)
Pond 1 1.7
Ash Pond 2 1.7
Pond 3 0.6

Tables 3 and 4 summarize the analysis results for the design storm events and indicate that a
minimum of 1.7 feet and 0.6 feet of freeboard is maintained throughout the design event in Ash
Pond 2 and downstream Pond 3, respectively. The inflow design system, as designed and
constructed, meets the requirements of 40 CFR §257.82.

6. Plan Amendments and Revisions

In accordance with 8257.82(c)(2) and (4), this Inflow Design Flood Control System Plan will be
amended or revised whenever there is a change in conditions that would substantially affect the
plan or every five years.
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7. Limitations and Certification

This inflow design flood control system plan meets the requirements of §257.82(c) of the Code
of Federal Regulations Title 40, Part 257, Subpart D and was prepared in accordance with
current practices and the standard of care exercised by scientists and engineers performing
similar tasks in the field of civil engineering. The contents of this report are based solely on the
observations of the conditions observed by Geosyntec personnel and information provided to
Geosyntec by Midwest Generation. Our opinions and recommendations were based in part on
data furnished by others, which was consistent with other information that we developed in the
course of our performance of the scope of services. The information contained in this report is
intended for use solely by Midwest Generation and their subconsultants.
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Attachments

Figure 1: Vicinity Map

Figure 2: Catchment Area

Appendix A: Ash Pond 2 Routing Calculations
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INFLOW ROUTING CALCULATIONS
ASH POND 2
JOLIET 29, JOLIET, 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 Pond 2 at the Joliet 29
Station (Site) in Joliet, 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 unit during and following the peak discharge of the inflow design flood. This
calculation evaluates the inflow design flood and evaluates the capacity of Ash Pond 2 and
downstream outflow systems to handle inflow from this event.

2. POND DESCRIPTION

Ash Pond 2 is located approximately 70 feet south of U.S. Route 6, east of Pond 1, west of Pond
3 and the east entrance to the Joliet 29 Station, and north of the Des Plaines River and station
intake canal (see Figure 1). Inflow is discharged into the pond via an inlet flume and distribution
trough on the western side of the pond. Outflow from Ash Pond 2 occurs on the east side of the
pond where an outlet weir and trough connect to a 30-inch reinforced concrete pipe (RCP).
Based on design drawings, the design elevation of the top of the outlet weir is 532.85 feet Mean
Sea Level (ft MSL). Copies of relevant design drawings are provided in Attachment A.

Water discharged from Pond 1 and Ash Pond 2 gravity flows to Pond 3, located east of both
ponds, through a single buried 30-inch diameter pipe (referred to herein as Culvert;.;). Water
discharges from Pond 3 through an overflow structure located in the southwest corner of Pond 3.
The overflow structure includes a 30-inch standpipe with an invert elevation of approximately
529.8 ft MSL that connects to a 24 inch corrugated metal pipe that drains south to the intake
canal. Pond 3 also includes a pump station which is not relied upon to manage the existing
inflows and is therefore not discuss further in this document.
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Figure 1. Site Map

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.
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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 to 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 Duration Depth
(years) (hours) (inches)
1,000 6 8.89
1,000 24 14.2

3.2 Hydrology and Sub-basin Characteristics

Pond 1 and Ash Pond 2 are surrounded by embankments on the south, east and west. There are
no embankments on the north side of the ponds where existing ground elevations generally
increase to the north toward U.S. Route 6. Inflow into these ponds is limited to run-on from the
ponds’ embankments, existing sloped areas north of the ponds, and direct precipitation into the
ponds. Sub-basins for each pond were delineated in ArcGIS and are based on best available
topography (Aero-Metric, Inc., 2008). The catchment areas for Pond 1, Ash Pond 2, and Pond 3
are presented in Table 2. Due to the limited size of the catchment areas, no losses associated
with infiltration or other abstractions were considered and 100% of rainfall in each catchment
area is considered to enter the associated pond.

Table 2: Drainage Areas

Drainage Area Pond Surface Total Drainage

Area (acres) Area (acres)
Pond 1 3.2 4.4
Pond 2 3.4 45
Pond 3 2.5 3.0

3.3 Process Flow

Pond 1 and Ash Pond 2 are currently operated to receive non-CCR process water from plant
operations. Plant flows are generally directed to one pond at a time. Inflow to Ash Pond 2 (or
Pond 1) is on the order of 1,400 gallons per minute (gpm) intermittently, typically over a period
of approximately 90 minutes per day. Inflow is discharged into the pond via an inlet flume and
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distribution trough on the western side of the pond. This analysis assumes that the process flows
occur at approximately the same time as the peak inflow from 1,000-year events.

3.3 Basin Outlet Structures and Culverts

Pond 1 and Ash Pond 2 both have approximately 100-foot long outlet weirs at an elevation of
532.85 ft located along their eastern boundary. The weirs flow into separate 30-inch RCP
culverts (Culvert; and Culvert,), which gravity flow to a junction box where the two flows are
combined approximately 260 feet west of Pond 3. A 30-inch diameter RCP (Culvert;.,) exits the
junction box and discharges into Pond 3. The outlet structure of Pond 3 is a 36-inch riser pipe
with a 24-inch outlet pipe (Culvert;). Tables 3 and 4 present the properties of the outlet
structures and culverts for the ponds based on available design drawings, provided in
Attachment A.

Table 3: Pond Outlet Structure

Length Invert
Outlet Structure (Feet) Elevation
Pond 1 Weir 100 ft 532.85ft
Ash Pond 2 Weir 100 ft 532.85ft

Pond 3 Drop Inlet | 36-inch diameter riser pipe 529.8ft

Table 4: Pond Outflow Structure

Estimated Inlet Invert Outlet . .
. Invert Estimated Size and
Culvert Length Elevation .
(Feet) (Feet) Elevation Slope (ft/ft) Type
(feet)
Culvert; 750 530.50 527.96 0.003 30-inch RCP
Culvert, 135 530.50 527.96 0.019 30-inch RCP
Culvert,., 261 527.96 526.69 0.005 30-inch RCP
Culvert; 216 521.63 515.42 0.029 24-inch CMP

Elevation-Discharge Curves and Routing Methodology

Discharge from the ponds was evaluated by developing elevation-discharge curves at
incremental depths of 0.01 ft for each pond based on the configuration of the outflow structures
(Figure 2). These curves, in conjunction with Equations 1 through 11, were used to evaluate
routing through the ponds and culverts throughout the duration of the design storm event. The
following sections describe the development of the elevation-discharge curves.
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Figure 2. Elevation-Discharge Curves

Pond 1 and Ash Pond 2

Pond 1 and Ash Pond 2 were evaluated for both weir and culvert outflow in order to develop
elevation-discharge curves. Weir flow was determined using Equation 1.

Qw =Cy*L+xH™ Eqn. 1

Where:  Qy = flow over the weir (cfs)
Cw = weir coefficient = 3.0 (unitless) (IDOT, 2011)
L = length of weir (ft)
H = head above weir (ft)

Elevation-discharge curves for the culverts from Pond 1 and Ash Pond 2 (Culvert; and Culvert,)
were developed using the HY-8 culvert modeling program (see Attachment C for results). The
tail water condition was set at a constant elevation of 529.25 ft to account for the condition in
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which the average water surface elevation during the 1,000-year event in Pond 3 would control
the system. Equations 2 and 3 were used to determine whether the weir or culvert controlled
flow out of Pond 1 and Ash Pond 2.

Qourr = Min(Qy1, Qc1) Egn. 2

Qourz = Min(Qy2, Qc2) Eqgn. 3

Where:  Qou = flow out of Pond 1 (cfs)
Qourz = flow out of Ash Pond 2 (cfs)
Qu: = flow over the weir at Pond 1 (cfs)
Qw2 = flow over the weir at Ash Pond 2 (cfs)
Q.1 = flow through Culvert; (cfs)
Qc2 = flow through the Culvert, (cfs)

The outflow from the 30-inch culverts of Pond 1 and Ash Pond 2 combines into one 30-inch
RCP culvert (Culvert;.;) that discharges into Pond 3. The outlet of the combined pipe is
submerged in Pond 3 and flow through the pipe will be pressure flow. Elevation-discharge
curves were developed for Culvert;., using the same methods as described for Culvert; and
Culvert,. The outflows of the ponds were controlled by either the outflow from each upstream
pond (Pond 1 and Ash Pond 2) or the combined piped discharging to Pond 3 (Culvert;gy).
Equations 4, 5 and 6 were used to determine which outlet structure would be the controlling
structure for discharges entering Pond 3. The outflow from Pond 1 and Ash Pond 2 is limited by
the capacity of Culvert;g,, Equation 4.

Qc1g2 = Qout1 + Qoutz Eqgn. 4

Where: Qg2 = flow through the Culvert; g, (cfs)

The combined flow in Culvert;., from Pond 1 and Ash Pond 2 was modelled as a ratio (Equation
5 and 6) of the maximum flow in Culvert; (29.16 cfs) and Culvert, (41.80 cfs) based on an
assumed maximum water surface elevation of 535 feet in Pond 1 and Ash Pond 2 (see
Attachment C).

_ Max(Qoyt1) _
fl N Max(Qout1) +Max(Qout2) =041 Eqn. >
M ou
fo = 2%(Qoutz) =0.59 Eqn. 6

Max(Qoyt1) +Max(Qout2) -

Where:  f; = ratio of total outflow from Pond 1
f, = ratio of total outflow from Ash Pond 2
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The outflows from each pond were determined using Equations 7 and 8.
Qoutl = If(Qoutl < fl * ch&z then Qoutl ’ else fl * ch&z) Eqn- 7

Qoutz = If (Qoutz < f2 * Qc1z2 then Qoura, else fr * Qcigz) Eqn. 8

Pond 3

The Pond 3 outflow structure consists of a 36-inch riser pipe connected to a 24-inch corrugated
metal pipe (CMP) culvert (Culvert;). Three conditions can control the discharge from the Pond 3
outflow structure: a weir condition of the outflow riser pipe, the capacity of the outflow riser
pipe (orifice condition), or the capacity of the downstream discharge pipe (24-inch CMP
culvert). Weir flow was determined using Equation 1. Orifice flow was determined using
Equation 9.

Qo3 =CoxAxy2%xg*H Eqgn. 9

Where: Qo3 = flow through the orifice at Pond 3 (cfs)
C, = orifice coefficient = 0.61 (unitless) (IDOT, 2011)
A = cross-sectional area of the drop inlet (square ft)
g = gravitational constant = 32.2 (square ft / second)
H = head above the orifice (ft)

Outlet pipe flow was determined using the HY-8 computer program and the controlling outflow
for the outlet structure was determined using Equation 10 (Attachment C).

Qoutz = Min(Quws3, Qo3, Qc3) Egn. 10

Where:  Qous = flow out of the Pond 3 (cfs)
Qusz = weir flow through the drop inlet (cfs)
Qo3 = orifice flow through the drop inlet (cfs)
Q.3 = flow through the outlet pipe (cfs)

3.4 Inflow Design Routing

The starting water surface elevation was assumed to be at the invert of the outflow structure at
each pond (weir elevation for the Pond 1 and Ash Pond 2, and overflow pipe for Pond 3). Inflow
to the ponds from precipitation within the sub-basins was developed using the Type Il SCS
Rainfall Distribution (shown in Figure 3) and multiplied by the design storm precipitation depth,
(Table 1). For Ash Pond 2, an additional 1,400 gpm representing process water inflows (see
Section 3.3) was added during the peak 90 minutes of the storm. Routing of the outflow was
evaluated based on the methodologies and results described in Section 3.3 and elevation- storage
curves for the ponds. Inflow to Pond 3 is the sum of outflow from Culvert g, and precipitation
inflow for Pond 3.
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Figure 3. SCS Type Il Rainfall Distribution

The inflow was routed through each pond using 1-minute time steps, the elevation-storage
curves, elevation-discharge curves, and Equation 11.

Where

Ve = Vie1 + Viin) = Vecour) Eqgn. 11

t = time step (minutes)

V = volume in pond at time t

Vin = volume flowing into the pond
Vout = vVolume flowing out of the pond

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,
Ash Pond 2 and its associated downstream hydraulic structures convey the flow and maintain a
minimum of 0.6 to 1.9 ft of freeboard. Tables 5 and 6 summarize the results of the maximum
elevation reached in the ponds and the maximum inflows and outflows. Full inflow and outflow
hydrographs are provided in Attachment D.
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Table 5: Results 1,000-year, 24-hour Storm
Maximum Freeboard® Maximum Maximum
Pond Elevation (ft) () Inflow Outflow
(cfs) (cfs)
Pond 1 533.1 1.9 53.5 17.9
Ash Pond 2 533.2 1.8 58.6 234
Pond 3 530.2 0.8 77.5 35.3
Table 6: Results 1,000-year, 6-hour Storm
Maximum Freeboard® Maximum Maximum
Pond Elevation (ft) () Inflow Outflow
(cfs) (cfs)
Pond 1 533.3 1.7 75.8 18.3
Ash Pond 2 533.3 1.7 81.7 23.9
Pond 3 530.4 0.6 93.2 39.7

! Freeboard estimated based on available as-built and design elevations of pond crests (see Attachment A).

SW0251-05-06 app.f.docx
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7/18/2016 PFDS: Contiguous US

- WWw.nws.noaa.gov

NOAA's National Weather Service _ J“”"
w Hydrometeorological Design Studies Cent - 2
Precipitation Frequency Data Server {PFDI o
Search ® NWS All NOAA& '
General Info NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: IL
DATA DESCRIPTION

Data type:  precipitation depth ¥ | Units: english ¥ | Time series type: partial duration ¥

Precipitation

Frequency (PF) SELECT LOCATION
1. Manually:
PF in GIS Format a) Enter location (decimal degrees, use "-"for S and W): latitude: longitude: submit
PF Maps b) Select station (click here for a list of stations used in frequency analysis for IL):  select station v

Temporal Distr.
Time Series Data 2. Use map:

PFDS Perform. SRERR
Black Rd Black Rd Black Hd@ L 3 L
Probable Maximum =z n f a) Select location
Precipitati PMP = =, (move crosshair or double click)
recipitation ( ) Glenwood Ave = 3 £141 zt ) L
2 E {30} {3} || ) Click on station icon
E % }' Joliet = (- show stations on map)
Miscellaneous i : T @ | olie o £ washingtan s;
< w o
2 = | &
Inwood Golf Course . 5 s D) 2
2 g }
McDoncugh o T McConough St - % ‘ / y
Middle Rock g £ (5o & .
Run County, = \ ¢
Contact Us Forest Preserve g o o — -/_
y i i - LENERS— = Rockdald 4
et Junior 2 g = X
1uuld|r:|... g 2 T @ ’ Mills Ad
2 - 5
__!_ S z LOCATION INFORMATION:
J Goaes L (5|| Name: Joliet, lllinois, US*
= 3 Y A by Log,; . . o
a | i 1 )| Preston hy Latitude: 41.4971
4 Zuich B8 1 Heights Longitude: -88.1210°
%2 / e I Elevation: 531 ft*
vt g
H Emerald Dr i
=
[ H
W Laraway’ Ad E Laraway F\d_
= -
I 2 I/:.
n 5 i ’. ?~" Chicagoland Speedway B
hmmunity e~ i . 1 . o5
Rark Q\S‘n = | ““Union Pacific Global 4 =
b )
,t“G e © , *
o lg Je\ / | 1km uMap Reporta map:error source: Google Maps
=

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 2, Version 3

PF tabular & print Page
PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’
A Average recurrence interval (years
Duration

1 2 5 10 25 50 100 200 500 1000

Smi 0.388 0.432 0.472 0.570 0.653 0.753 0.840 0.936 1.05 1.20
-min (0.350-0.432) || (0.393-0.475) || (0.430-0519) || (0.518-0.628) || (0.589-0.719) || (0.673-0.833) || (0.742-0.935) || (0.815-1.05) || (0.900-1.20) || (1.00-1.39)

10mi 0.603 0.674 0.733 0.880 0.999 1.14 1.26 1.40 1.55 1.75
"MiN | (0544-0671) || (0614-0.742) || (0.668-0.807) || (0.800-0.969) | (0.901-1.10) (1.02-1.26) (1.12-1.41) (1.22-1.57) || (1.32-1.76) || (1.46-2.02)

15-mi 0.739 0.824 0.900 1.08 123 1.41 1.57 1.74 1.93 219
MiN 1 0667-0823) || (0.750-0.907) || (0.820-0.991) || (0.984-1.19) (1.11-1.36) (1.26-1.56) (1.39-1.75) (1.51-1.95) || (1.65-2.19) || (1.83-2.53)

30-mi 0.978 1.10 1.23 1.50 174 2.02 227 2.54 2.86 3.28
-min (0.882-1.09) (1.00-1.21) (1.12-1.36) (1.37-1.66) (1.57-1.92) (1.80-2.23) (2.00-2.52) (2.21-2.85) || (245-3.25) || (2.74-3.79)

60-mi 1.19 1.35 1.55 1.91 2.26 2.66 3.03 3.44 3.96 461
-min (1.08-1.33) (1.23-1.49) (1.41-1.70) (1.74-2.11) (2.04-2.49) (2.38-2.94) (2.68-3.37) (3.00-3.87) || (3.38-4.49) || (3.85-5.33)

2h 1.39 1.58 1.82 227 2.70 3.21 3.68 421 4388 5.72
-nr (1.25-1.54) (1.44-1.74) (1.65-2.00) (2.06-2.50) (2.43-2.98) (2.86-3.56) (3.25-4.11) (366-4.73) || (4.16-5.54) || (4.76-6.61)

+h 1.50 1.70 1.97 247 2.95 3.52 4.05 465 5.40 6.36
-hr (1.34-1.67) (1.54-1.89) (1.78-2.19) (2.23-2.75) (2.65-3.29) (312:3.93) (3.55-4.55) (4.01-5.26) || (4.58-6.17) || (5.26-7.39)

6h 1.78 2.02 2.36 3.00 3.65 4.46 5.25 6.15 7.34 8.89
-hr (1.59-2.02) (1.82-2.28) (2.11-2.66) (2.68-3.38) (3.24-4.12) (3.90-5.04) (4.51-5.96) (5.19-7.03) (6.05-8.47) (7.11-10.4)

http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.htm|?bkmrk=il 12


http://www.nws.noaa.gov/
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http://www.nws.noaa.gov/
http://www.nws.noaa.gov/oh/hdsc/index.html
http://www.nws.noaa.gov/oh/ohd_sitemap.html
http://www.nws.noaa.gov/pa/
http://www.nws.noaa.gov/organization.html
http://www.nws.noaa.gov/oh/hdsc/index.html
http://www.nws.noaa.gov/oh/hdsc/current_projects.html
http://www.nws.noaa.gov/oh/hdsc/FAQ.html
http://www.nws.noaa.gov/oh/hdsc/glossary.html
http://hdsc.nws.noaa.gov/hdsc/pfds/index.html
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_gis.html
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_maps.html
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_temporal.html
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_series.html
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_stats.html
http://www.nws.noaa.gov/oh/hdsc/currentpf.htm
http://www.nws.noaa.gov/oh/hdsc/studies/pmp.html
http://www.nws.noaa.gov/oh/hdsc/relevant_publications.html
http://www.nws.noaa.gov/oh/hdsc/aep_storm_analysis/index.html
http://www.nws.noaa.gov/oh/hdsc/record_precip/record_precip.html
http://www.nws.noaa.gov/oh/hdsc/contact.html
http://www.nws.noaa.gov/oh/hdsc/listserver.html
http://www.usa.gov/
ftp://hdsc.nws.noaa.gov/pub/hdsc/data/xlslists/il.xls
https://www.google.com/maps/@41.5024147,-88.1212944,13z/data=!5m1!1e4!10m1!1e1!12b1?source=apiv3&rapsrc=apiv3
https://maps.google.com/maps?ll=41.502415,-88.121294&z=13&t=p&hl=en-US&gl=US&mapclient=apiv3
http://hdsc.nws.noaa.gov/hdsc/pfds/pfds_printpage.html?lat=41.4971&lon=-88.1210&data=depth&units=english&series=pds

7/18/2016

PFDS: Contiguous US

12-hr 2.06 2.34 271 3.42 415 5.04 5.90 6.90 8.21 9.90
(1.83-2.36) (2.09-2.66) (2.42-3.08) (3.04-3.89) (3.65-4.72) (4.38-5.74) (5.06-6.75) (5.81-7.95) (6.75-9.54) (7.90-11.7)
24-h 239 2.88 3.68 4.38 5.51 6.56 7.82 9.33 11.8 14.2
-hr (2.16-2.66) (2.62-3.23) (3.32-4.11) (3.92-4.92) (4.85-6.20) (5.68-7.46) (6.63-8.97) (7.70-10.8) (9.39-14.0) (10.9-17.2)
24 2.77 3.34 4.20 4.96 6.17 7.29 8.60 10.2 12.7 15.1
ay (2.52-3.10) (3.03-3.73) (3.80-4.70) (4.45-5.56) (5.43-6.97) (6.30-8.31) (7.29-9.94) (8.39-11.9) (10.1-15.3) (11.7-18.6)
3d 294 3.53 4.40 5.19 6.45 7.62 9.01 10.7 135 16.1
ay (2.69-3.25) (3.23-3.91) (4.01-4.88) (4.68-5.78) (5.71-7.25) (6.63-8.66) (7.68-10.4) (8.87-12.5) (10.7-16.3) (12.4-19.9)
4d 3.10 3.71 4.60 541 6.72 7.95 9.43 1.2 14.2 171
ay (2.86-3.41) (3.43-4.08) (4.23-5.06) (4.92-5.99) (6.00-7.52) (6.96-9.02) (8.07-10.8) (9.34-13.1) (11.4-17.2) (13.2-21.3)
74d 3.63 4.31 5.24 6.09 7.45 8.72 10.2 12.0 151 17.9
ay (3.38-3.95) (4.02-4.70) (4.87-5.71) (5.60-6.65) (6.74-8.24) (7.74-9.76) (8.88-11.6) (10.2-14.0) (12.2-18.0) (14.1-22.0)
10-d 412 4.87 5.85 6.74 8.14 9.43 10.9 12.7 15.6 18.5
-aay (3.86-4.43) (4.57-5.25) (5.48-6.30) (6.26-7.29) (7.45-8.88) (8.48-10.4) (9.65-12.3) (11.0-14.6) (13.0-18.4) (14.9-22.4)
20-d 5.61 6.62 7.82 8.87 10.5 1.9 13.6 15.5 18.5 21.2
-day (5.28-5.99) (6.23-7.07) (7.35-8.35) (8.30-9.50) (9.69-11.3) (10.9-13.0) (12.2-15.0) (13.6-17.4) (15.8-21.4) (17.6-25.0)
30-d 6.97 8.19 9.54 10.7 124 13.9 15.5 17.4 20.2 226
-day (6.59-7.40) (7.75-8.70) (9.00-10.1) (10.0-11.4) (11.5-13.3) (12.8-15.0) (14.1-17.0) (15.5-19.3) (17.6-23.0) (19.3-26.2)
45-d 8.76 10.3 1.8 131 15.0 16.6 18.3 201 228 25.2
-day (8.30-9.27) (9.74-10.9) (11.2-12.5) (12.4-13.9) (14.0-16.0) (15.4-17.8) (16.7-19.8) (18.2-22.1) (20.3-25.6) (22.0-28.7)
60-d 10.6 12.4 14.2 15.7 17.7 194 213 232 26.0 284
-aay (10.0-11.2) (11.8-13.1) (13.5-15.0) (14.8-16.5) (16.6-18.8) (18.1-20.8) (19.6-23.0) (21.2-25.3) (23.4-28.9) (25.1-31.9)
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

HY-8 RESULTS



HY-8 Culvert Analysis Report

Crossing Discharge Data

Culvert 1

Discharge Selection Method: User Defined

Table 1 - Summary of Culvert Flows at Crossing: Culvert 1 (TW=529.25)

Headwater Elevation

Culvert 1 Discharge

Roadway Discharge

() Total Discharge (cfs) (cfs) (cfs) Iterations
531.06 1.62 1.62 0.00 1
531.31 3.24 3.24 0.00 1
531.50 4.86 4.86 0.00 1
531.66 6.48 6.48 0.00 1
531.82 8.10 8.10 0.00 1
531.98 9.72 9.72 0.00 1
532.13 11.34 11.34 0.00 1
532.41 12.96 12.96 0.00 1
532.54 14.58 14.58 0.00 1
532.67 16.20 16.20 0.00 1
532.79 17.82 17.82 0.00 1
532.91 19.44 19.44 0.00 1
533.02 21.06 21.06 0.00 1
533.14 22.68 22.68 0.00 1
533.26 24.30 24.30 0.00 1
533.38 25.92 25.92 0.00 1
533.55 27.54 27.54 0.00 1
535.04 35.00 32.22 2.70 18
535.00 32.08 32.08 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 1 (TW=529.25)
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Table 2 - Culvert Summary Table: Culvert 1

. Total _Culvert Headwgter Inlet Outlet Flow Normal Critical Outlet Tailwater Outht Tailwa_ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) | Depth (ft) | Depth (ft) | Depth (ft) Velocity Velocity

(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)

1.62 1.62 531.06 0.563 0.0* 1-S2n 0.412 0.412 0.412 1.290 2.966 0.000
3.24 3.24 531.31 0.805 0.0* 1-S2n 0.581 0.587 0.581 1.290 3.605 0.000
4.86 4.86 531.50 0.997 0.0* 1-S2n 0.714 0.722 0.714 1.290 4.050 0.000
6.48 6.48 531.66 1.161 0.0* 1-JS1t 0.830 0.841 1.290 1.290 2.455 0.000
8.10 8.10 531.82 1.322 0.0* 1-S2n 0.935 0.944 0.935 1.290 4.672 0.000
9.72 9.72 531.98 1.483 0.0* 1-S2n 1.034 1.038 1.034 1.290 4.902 0.000
11.34 11.34 532.13 1.632 0.0* 1-S2n 1.127 1.128 1.127 1.290 5.105 0.000
12.96 12.96 532.41 1.772 1.912 3-M1t 1.218 1.210 1.290 1.290 5.074 0.000
14.58 14.58 532.54 1.904 2.042 3-M2t 1.307 1.286 1.290 1.290 5.708 0.000
16.20 16.20 532.67 2.031 2.166 2-M2c 1.396 1.356 1.356 1.290 5.958 0.000
17.82 17.82 532.79 2.156 2.287 2-M2c 1.484 1.426 1.426 1.290 6.158 0.000
19.44 19.44 532.91 2.279 2.405 2-M2c 1.574 1.491 1.491 1.290 6.368 0.000
21.06 21.06 533.02 2.403 2.522 7-M2c 1.667 1.557 1.657 1.290 6.554 0.000
22.68 22.68 533.14 2.530 2.639 7-M2c 1.766 1.617 1.617 1.290 6.753 0.000
24.30 24.30 533.26 2.660 2.758 7-M2c 1.873 1.675 1.675 1.290 6.952 0.000
25.92 25.92 533.38 2.795 2.883 7-M2c 1.998 1.730 1.730 1.290 7.151 0.000
27.54 27.54 533.55 2.936 3.051 7-M2c 2.500 1.787 1.787 1.290 7.335 0.000
35.00 32.22 535.04 3.384 4.544 7-M2c 2.500 1.931 1.931 1.290 7.922 0.000




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 530.50 ft, Outlet Elevation (invert): 527.96 ft
Culvert Length: 750.00 ft,  Culvert Slope: 0.0034




Culvert Performance Curve Plot: Culvert 1

Performance Curve
Cubvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - Culvert 1 (TW=529.25), Design Discharge - 35.0 cfs
Culvert - Culvert 1, Culvert Discharge - 32.2 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 530.50 ft
Outlet Station: 750.00 ft
Outlet Elevation: 527.96 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 2.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: Culvert 1 (TW=529.25))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
1.62 529.25 1.29
3.24 529.25 1.29
4.86 529.25 1.29
6.48 529.25 1.29
8.10 529.25 1.29
9.72 529.25 1.29
11.34 529.25 1.29
12.96 529.25 1.29
14.58 529.25 1.29
16.20 529.25 1.29
17.82 529.25 1.29
19.44 529.25 1.29

21.06 529.25 1.29
22.68 529.25 1.29
24.30 529.25 1.29
25.92 529.25 1.29
27.54 529.25 1.29
35.00 529.25 1.29

Tailwater Channel Data - Culvert 1 (TW=529.25)
Tailwater Channel Option: Enter Constant Tailwater Elevation
Constant Tailwater Elevation: 529.25 ft

Roadway Data for Crossing: Culvert 1 (TW=529.25)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 535.00 ft
Roadway Surface: Paved
Roadway Top Width: 100.00 ft



HY-8 Culvert Analysis Report

Crossing Discharge Data

Culvert 2

Discharge Selection Method: User Defined

Table 1 - Summary of Culvert Flows at Crossing: Culvert 2 (TW=529.25)

Headwater Elevation

Culvert 2 Discharge

Roadway Discharge

() Total Discharge (cfs) (cfs) (cfs) Iterations
531.17 2.34 2.34 0.00 1
531.46 4.65 4.65 0.00 1
531.69 6.96 6.96 0.00 1
531.92 9.27 9.27 0.00 1
532.13 11.58 11.58 0.00 1
532.33 13.89 13.89 0.00 1
532.51 16.20 16.20 0.00 1
532.69 18.51 18.51 0.00 1
532.87 20.82 20.82 0.00 1
533.05 23.13 23.13 0.00 1
533.24 25.44 25.44 0.00 1
533.44 27.75 27.75 0.00 1
533.65 30.06 30.06 0.00 1
533.88 32.37 32.37 0.00 1
534.13 34.68 34.68 0.00 1
534.39 36.99 36.99 0.00 1
534.68 39.30 39.30 0.00 1
535.05 45.00 42.05 2.82 14
535.00 41.72 41.72 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 2 (TW=529.25)

Total Rating Curve

Crossing: Culvert 2 (TW=529.25)

935.04

234.54

534.0

933.5

933.04

on

Ca

M

en
|

Headwater Elevation (ft)

232.0

231.54

531.0-

10 20 30
Total Discharge (cfs)



Table 2 - Culvert Summary Table: Culvert 2

. Total _Culvert Headwgter Inlet Outlet Flow Normal Critical Outlet Tailwater Outht Tailwa_ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) | Depth (ft) | Depth (ft) | Depth (ft) Velocity Velocity

(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
2.34 2.34 531.17 0.673 0.0* 1-JS1t 0.325 0.495 1.290 1.290 0.887 0.000
4.65 4.65 531.46 0.961 0.0* 1-JS1t 0.454 0.706 1.290 1.290 1.762 0.000
6.96 6.96 531.69 1.192 0.0* 1-S2n 0.554 0.870 0.554 1.290 8.314 0.000
9.27 9.27 531.92 1.420 0.0* 1-S2n 0.641 1.011 0.668 1.290 8.488 0.000
11.58 11.58 532.13 1.634 0.0* 1-S2n 0.718 1.141 0.749 1.290 9.051 0.000
13.89 13.89 532.33 1.829 0.0* 1-S2n 0.789 1.254 0.830 1.290 9.405 0.000
16.20 16.20 532.51 2.012 0.0* 1-S2n 0.856 1.356 0.856 1.290 10.525 0.000
18.51 18.51 532.69 2.189 0.0* 1-S2n 0.920 1.454 0.963 1.290 10.256 0.000
20.82 20.82 532.87 2.366 0.0* 1-S2n 0.980 1.548 1.039 1.290 10.433 0.000
23.13 23.13 533.05 2.546 0.0* 5-S2n 1.039 1.633 1.095 1.290 10.806 0.000
25.44 25.44 533.24 2.735 0.240 5-S2n 1.096 1.714 1.161 1.290 11.023 0.000
27.75 27.75 533.44 2.935 0.522 5-S2n 1.152 1.794 1.224 1.290 11.236 0.000
30.06 30.06 533.65 3.150 0.814 5-S2n 1.207 1.867 1.281 1.290 11.494 0.000
32.37 32.37 533.88 3.380 1.403 5-S2n 1.261 1.935 1.336 1.290 11.738 0.000
34.68 34.68 534.13 3.627 1.690 5-S2n 1.314 1.999 1.397 1.290 11.909 0.000
36.99 36.99 534.39 3.893 1.992 5-S2n 1.368 2.058 1.456 1.290 12.082 0.000
39.30 39.30 534.68 4.179 2.309 5-S2n 1.421 2112 1.512 1.290 12.271 0.000
45.00 42.05 535.05 4.545 2.707 5-S2n 1.485 2171 1.585 1.290 12.430 0.000




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 530.50 ft, Outlet Elevation (invert): 527.96 ft
Culvert Length: 135.02 ft,  Culvert Slope: 0.0188




Culvert Performance Curve Plot: Culvert 2

Performance Curve
Culvert: Culvert 2
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Water Surface Profile Plot for Culvert: Culvert 2

Crossing - Culvert 2 (TW=529.25), Design Discharge - 45.0 cfs
Culvert - Culvert 2 , Culvert Discharge - 42.1 cfs
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Site Data - Culvert 2
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 530.50 ft
Outlet Station: 135.00 ft
Outlet Elevation: 527.96 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 2
Barrel Shape: Circular
Barrel Diameter: 2.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: Culvert 2 (TW=529.25))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
2.34 529.25 1.29
4.65 529.25 1.29
6.96 529.25 1.29
9.27 529.25 1.29
11.58 529.25 1.29
13.89 529.25 1.29
16.20 529.25 1.29
18.51 529.25 1.29

20.82 529.25 1.29
23.13 529.25 1.29
25.44 529.25 1.29
27.75 529.25 1.29
30.06 529.25 1.29
32.37 529.25 1.29
34.68 529.25 1.29
36.99 529.25 1.29
39.30 529.25 1.29
45.00 529.25 1.29

Tailwater Channel Data - Culvert 2 (TW=529.25)
Tailwater Channel Option: Enter Constant Tailwater Elevation
Constant Tailwater Elevation: 529.25 ft

Roadway Data for Crossing: Culvert 2 (TW=529.25)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 535.00 ft
Roadway Surface: Paved
Roadway Top Width: 100.00 ft



HY-8 Culvert Analysis Report
Culvert 1&2

Crossing Discharge Data

Discharge Selection Method: User Defined

Table 1 - Summary of Culvert Flows at Crossing: Culvert 1&2 (TW=529.25)

Headwater Elevation

Culvert 1&2

Roadway Discharge

() Total Discharge (cfs) Discharge (cfs) (cfs) Iterations
529.28 2.90 2.90 0.00 1
529.37 5.70 5.70 0.00 1
529.52 8.50 8.50 0.00 1
529.71 11.30 11.30 0.00 1
529.95 14.10 14.10 0.00 1
530.20 16.90 16.90 0.00 1
530.26 19.70 19.70 0.00 1
530.61 22.50 22.50 0.00 1
530.79 25.30 25.30 0.00 1
531.02 28.10 28.10 0.00 1
531.43 30.90 30.90 0.00 1
531.84 33.70 33.70 0.00 1
532.29 36.50 36.50 0.00 1
532.77 39.30 39.30 0.00 1
533.29 42.10 42.10 0.00 1
533.85 44.90 44.90 0.00 1
534.44 47.70 47.70 0.00 1
535.03 52.00 50.34 1.54 27
535.00 50.21 50.21 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 1&2 (TW=529.25)
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Table 2 - Culvert Summary Table: Culvert 1&2

. Total _Culvert Headwgter Inlet Outlet Flow Normal Critical Outlet Tailwater Outht Tailwa_ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) | Depth (ft) | Depth (ft) | Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
2.90 2.90 529.28 0.760 1.322 1-S1f 0.502 0.554 2.500 2.560 0.591 0.000
5.70 5.70 529.37 1.083 1.411 1-S1f 0.707 0.786 2.500 2.560 1.161 0.000
8.50 8.50 529.52 1.361 1.556 1-S1f 0.871 0.968 2.500 2.560 1.732 0.000
11.30 11.30 529.71 1.627 1.750 1-S1f 1.016 1.126 2.500 2.560 2.302 0.000
14.10 14.10 529.95 1.863 1.991 1-S1f 1.151 1.264 2.500 2.560 2.872 0.000
16.90 16.90 530.20 2.083 2.240 1-S1f 1.281 1.385 2.500 2.560 3.443 0.000
19.70 19.70 530.26 2.297 2.175 1-S2n 1.408 1.501 1.408 2.560 6.699 0.000
22.50 22.50 530.61 2.514 2.654 1-S1f 1.537 1.610 2.500 2.560 4.584 0.000
25.30 25.30 530.79 2.741 2.832 1-S1f 1.670 1.709 2.500 2.560 5.154 0.000
28.10 28.10 531.02 2.984 3.063 3-M1f 1.815 1.805 2.500 2.560 5.724 0.000
30.90 30.90 531.43 3.249 3.468 4-FFf 1.985 1.892 2.500 2.560 6.295 0.000
33.70 33.70 531.84 3.537 3.881 4-FFf 2.500 1.972 2.500 2.560 6.865 0.000
36.50 36.50 532.29 3.853 4.329 4-FFf 2.500 2.046 2.500 2.560 7.436 0.000
39.30 39.30 532.77 4.196 4.813 4-FFf 2.500 2.112 2.500 2.560 8.006 0.000
42.10 42.10 533.29 4.569 5.333 4-FFf 2.500 2172 2.500 2.560 8.577 0.000
44.90 44.90 533.85 4.971 5.889 4-FFf 2.500 2.224 2.500 2.560 9.147 0.000
47.70 47.70 534.44 5.401 6.480 4-FFf 2.500 2.269 2.500 2.560 9.717 0.000
52.00 50.34 535.03 5.832 7.070 4-FFf 2.500 2.303 2.500 2.560 10.255 0.000
Straight Culvert

Inlet Elevation (invert): 527.96 ft,

Culvert Length: 261.00 ft,

Culvert Slope: 0.0049

Outlet Elevation (invert): 526.69 ft




Culvert Performance Curve Plot: Culvert 1&2

Performance Curve
Cubvert: Cubvert 182
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Water Surface Profile Plot for Culvert: Culvert 1&2

Crossing - Culvert 1&2 (TW=529.25), Design Discharge - 52.0 cfs
Culvert - Culvert 1&2, Culvert Discharge - 50.3 cfs
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Site Data - Culvert 1&2
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 527.96 ft
Outlet Station: 261.00 ft
Outlet Elevation: 526.69 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1&2
Barrel Shape: Circular
Barrel Diameter: 2.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: Culvert 1&2 (TW=529.25))

Flow (cfs) Water Surface Elev (ft) Depth (ft)
2.90 529.25 2.56
5.70 529.25 2.56
8.50 529.25 2.56
11.30 529.25 2.56
14.10 529.25 2.56
16.90 529.25 2.56
19.70 529.25 2.56
22.50 529.25 2.56
25.30 529.25 2.56
28.10 529.25 2.56
30.90 529.25 2.56
33.70 529.25 2.56
36.50 529.25 2.56
39.30 529.25 2.56
42.10 529.25 2.56
44.90 529.25 2.56
47.70 529.25 2.56
52.00 529.25 2.56

Tailwater Channel Data - Culvert 1&2 (TW=529.25)
Tailwater Channel Option: Enter Constant Tailwater Elevation
Constant Tailwater Elevation: 529.25 ft

Roadway Data for Crossing: Culvert 1&2 (TW=529.25)
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 535.00 ft
Roadway Surface: Paved
Roadway Top Width: 100.00 ft



HY-8 Culvert Analysis Report
Culvert 3



Crossing Discharge Data

Discharge Selection Method: User Defined



Table 1 - Summary of Culvert Flows at Crossing: Culvert 3

Headwater Elevation

Culvert 3 Discharge

Roadway Discharge

() Total Discharge (cfs) (cfs) (cfs) Iterations
522.76 0.10 0.10 0.00 1
522.41 2.80 2.80 0.00 1
522.78 5.50 5.50 0.00 1
523.11 8.20 8.20 0.00 1
523.40 10.90 10.90 0.00 1
523.70 13.60 13.60 0.00 1
524.02 16.30 16.30 0.00 1
524.39 19.00 19.00 0.00 1
524.82 21.70 21.70 0.00 1
525.32 24.40 24.40 0.00 1
525.88 27.10 27.10 0.00 1
526.51 29.80 29.80 0.00 1
527.19 32.50 32.50 0.00 1
527.95 35.20 35.20 0.00 1
528.80 37.90 37.90 0.00 1
529.70 40.60 40.60 0.00 1
530.68 43.30 43.30 0.00 1
531.03 46.00 44.24 1.61 22
531.00 44.16 44 .16 0.00 Overtopping




Rating Curve Plot for Crossing: Culvert 3
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Table 2 - Culvert Summary Table: Culvert 3

. Total _Culvert Headwgter Inlet Outlet Flow Normal Critical Outlet Tailwater Outht Tailwa_ter
Discharge | Discharge | Elevation Control Control Type Depth (ft) | Depth (ft) | Depth (ft) | Depth (ft) Velocity Velocity
(cfs) (cfs) (ft) Depth (ft) | Depth (ft) (ft/s) (ft/s)
0.10 0.10 522.76 0.140 1.133 2-M2c 0.039 0.037 0.037 0.030 7.644 0.336
2.80 2.80 522.41 0.784 0.0* 1-S2n 0.332 0.580 0.332 0.224 7.547 1.253
5.50 5.50 522.78 1.153 0.0* 1-S2n 0.462 0.825 0.462 0.338 9.259 1.627
8.20 8.20 523.11 1.481 0.0* 1-S2n 0.568 1.019 0.568 0.433 10.334 1.896
10.90 10.90 523.40 1.774 0.0* 1-S2n 0.659 1.180 0.716 0.516 10.011 211
13.60 13.60 523.70 2.067 0.0* 5-S2n 0.742 1.325 0.793 0.593 10.866 2.294
16.30 16.30 524.02 2.391 0.0* 5-S2n 0.820 1.451 0.892 0.664 11.165 2.454
19.00 19.00 524.39 2.762 0.0* 5-S2n 0.895 1.566 0.895 0.732 12.954 2.597
21.70 21.70 524.82 3.194 0.0* 5-S2n 0.968 1.664 1.044 0.796 12.187 2.726
24.40 24.40 525.32 3.690 0.0* 5-S2n 1.039 1.746 1.116 0.858 12.625 2.845
27.10 27.10 525.88 4.251 0.056 5-S2n 1.110 1.811 1.202 0.917 12.852 2.955
29.80 29.80 526.51 4.877 0.991 5-S2n 1.182 1.857 1.266 0.975 13.306 3.057
32.50 32.50 527.19 5.561 2.007 5-S2n 1.256 1.892 1.256 1.030 14.637 3.154
35.20 35.20 527.95 6.318 3.065 5-S2n 1.332 1.836 1.430 1.085 13.800 3.244
37.90 37.90 528.80 7.165 4.319 5-S2n 1.416 2.000 1.510 1.138 14.085 3.330
40.60 40.60 529.70 8.075 5.577 5-S2n 1.511 2.000 1.511 1.190 15.088 3.412
43.30 43.30 530.68 9.047 6.922 6-FFc 2.000 2.000 2.000 1.241 13.783 3.489
46.00 44.24 531.03 9.401 7.412 6-FFc 2.000 2.000 2.000 1.291 14.083 3.563




* Full Flow Headwater elevation is below inlet invert.

Straight Culvert
Inlet Elevation (invert): 521.63 ft, Outlet Elevation (invert): 515.42 ft
Culvert Length: 216.09 ft,  Culvert Slope: 0.0288




Culvert Performance Curve Plot: Culvert 3

Performance Curve
Cubvert: Cubvert 3
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Water Surface Profile Plot for Culvert: Culvert 3

Crossing - Culvert 3, Design Discharge - 46.0 cfs

Culvert - Culvert 3, Culvert Discharge - 44 2 cfs
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Site Data - Culvert 3
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 521.63 ft
Outlet Station: 216.00 ft
Outlet Elevation: 515.42 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 3
Barrel Shape: Circular
Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Culvert Type: Straight
Inlet Configuration: Square Edge with Headwall
Inlet Depression: NONE



Table 3 - Downstream Channel Rating Curve (Crossing: Culvert 3)

Flow (cfs) WatEel;fL(’ff)ace Depth (ft) Velocity (ft/s) | Shear (psf) | Froude Number
0.10 515.45 0.03 0.34 0.01 0.34
2.80 515.64 0.22 1.25 0.07 0.47
5.50 515.76 0.34 1.63 0.11 0.49
8.20 515.85 0.43 1.90 0.13 0.51
10.90 515.94 0.52 2.11 0.16 0.52
13.60 516.01 0.59 2.29 0.18 0.52
16.30 516.08 0.66 2.45 0.21 0.53
19.00 516.15 0.73 2.60 0.23 0.53
21.70 516.22 0.80 2.73 0.25 0.54
24.40 516.28 0.86 2.85 0.27 0.54
27.10 516.34 0.92 2.95 0.29 0.54
29.80 516.39 0.97 3.06 0.30 0.55
32.50 516.45 1.03 3.15 0.32 0.55
35.20 516.50 1.08 3.24 0.34 0.55
37.90 516.56 1.14 3.33 0.36 0.55
40.60 516.61 1.19 3.41 0.37 0.55
43.30 516.66 1.24 3.49 0.39 0.55
46.00 516.71 1.29 3.56 0.40 0.55

Tailwater Channel Data - Culvert 3
Tailwater Channel Option: Rectangular Channel
Bottom Width: 10.00 ft
Channel Slope: 0.0050
Channel Manning's n:  0.0300
Channel Invert Elevation: 515.42 ft

Roadway Data for Crossing: Culvert 3
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 531.00 ft
Roadway Surface: Paved
Roadway Top Width: 100.00 ft



ATTACHMENT D

HYDROGRAPHS
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