SR B
,,_Y,‘v-*a._,*-—-——ﬁ—. P e e Ty ey s —— \\
' e . >
. . C e B e e ——
. o - : -3

 ” f“—_“"" qzm*\‘ ‘!4014
REVlSEI FINAL DESIGN
CALCULATION PACKAGE |

,—pm,—. ST e r—-w-w—...__.

ON-SITE II'SPOSAL FACILITY

L'_

SR } PHASE IV g
e PROJECT NUMBER 20104

P e A R A e i e
] .

] “
i

b ";_-'_'w

pA—

=T ‘—’:3::::"—;‘”_:%-——@_; . »——&E i 5[ ;

Lo | "United StatesvDepartment of Energy 5
T e ] Fernald Environmental Management Pro;ect N E
B S Fernald Ohio. S

‘. .
5 N o . o L ) -
- A Rl o> i e D B
\ . CE

e N £ s e e
- T

B i 504 S o
;.,:ILGESTEC CONSULTANTS T ST
T [P | ¥
' 4100_L'ake Hearn Drlve, NE ;éﬁ
L'\‘Sune 200 f
R Atlanta”Georgla 30342 r‘

by
-

220

INEQR SEATION

o @NLV REVlSlONO

”K\ :
's

[[L

17‘/;.1"_?!;—1-’—(—“ ﬁ"JH c ""D
“ '/’_jf ' \ i Iunder ‘\
«| [ Contract 95Psoospzé;\q§ A A
' ~Document N T201oo ci’m“ 00— H
0 - | o N
Sl S rRe ! . AUGUST 2001
s L P T e 00001

£ ? ”’3« '{
S , % [H‘
rE FluorzFernaId In[c yot M S I e '
L - VOLUME VI of VI
.--‘,“' j . Jﬁ = :(’_“ o . [7! . )':}7 ) ) i

.
B




4014

REVISED FINAL DESIGN
CALCULATION PACKAGE
ON-SITE DISPOSAL FACILITY

Volume VI

August 2001
Revision 0

- United States Department of Energy

Fernald Environmental Management Project
Fernald, Ohio

Prepared by

GeoSyntec Consultants
1100 Lake Hearn, NE, Suite 200
Atlanta, Georgia 30342

INFORMATION
ONLY

Under

Fernald Environmental Restoration Management Corporation
- Subcontract 95PS005028

000002




VOLUME 1
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REVISED FINAL DESIGN PACKAGE
LIST OF CALCULATIONS
On-Site Disposal Facility
Fernald Environmental Management Project

1. INTRODUCTION

1.1

1.3
1.4

Design Parameter Summary
Computer Program Validation

1.2.1 Autodesk®and SOFTDESK®

1.2.2 HydroCAD™

1.2.3  USDA-SCS TR-55

1.2.4 USEPA HELP Model

1.2.5 XSTABL - Version 5

1.2.6 SHAKE91

1.27 YSLIP_C

1.2.8 Landfill Air Emissions Estimation Model
1.2.9 RAECOM

Select Technical Preferences
Geotechnical Data Points

2. ODSFLAYOUT

2.1
22
23

| Required Volume

Capacity Verification
Earthwork Required Volume

3. GEOTECHNICAL - STATIC SLOPE STABILITY

3.1
3.2
33

34
3.5
3.6
3.7

OSDF Foundation
Liner System
Impacted Material Configurations

e Interim
e Final

Intercell Berm )
Final Cover System
Access Corridor
Borrow Area Cut Slopes
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LIST OF CALCULATIONS (continued)

4. GEOTECHNICAL - SEISMIC SLOPE STABILITY
4.1 Seismic Hazard Assessment

4.2 Seismic Site Response Analysis
4.3 Seismic Performance Evaluation

¢ Pseudo-Static Stability
e Deformation Analysis

5. GEOTECHNICAL - SETTLEMENT
5.1  Foundation Settlement
5.2 Localized Impacted Material Settlement
5.3 Overall Impacted Material Settlement
VOLUME 11
6. LINER SYSTEM

6.1 Hydrostatic Uplift
6.2 Liner Geosynthetics Selection

e Geosynthetic Clay Liner

e (Geomembrane Liner

e Geotextile Cushion

e Geosynthetic Selection to Preclude Tension

6.3 Liner Frost Protection
7. LEACHATE MANAGEMENT - LEACHATE GENERATION
7.1 Leachate Generation Rates

® During Filling
e After Closure

7.2 Required Cell Leachate Storage

000004

GQ1342-16.3/F9630138.TOC




4014

LIST OF CALCULTIONS (continued)

8. LEACHATE MANAGEMENT — LEACHATE COLLECTION SYSTEM
8.1 Maximum Head in LCS

e Maximum Head in LCS Drainage Layer
e Maximum Head in LCS Drainage Corridor

8.2  Geotextile Filter Design

e Geotextile Filtration
¢ Geotextile Biological Clogging Potential

8.3  LCS Pipe Design

e LCS Pipe Flow Capacity
e LCS Pipe Perforation Sizing
e LCS Pipe Structural Stability

9. LEACHAGE MANAGEMENT - LEAK DETECTION SYSTEM

9.1 Migration through Primary Liner
9.2 Maximum Head in LDS

e Maximum Head in LDS Drainage Layer
e Maximum Head in LDS Drainage Corridor

93 Time of Travel in LDS
94 LDS Pipe Design

e LDS Pipe Flow Capacity
e LDS Pipe Perforation Sizing
e LDS Pipe Structural Stability

9.5  Action Leakage Rate
10. LEACHATE MANAGEMENT - LEACHATE TRANSMISSION SYSTEM
10.1 LTS Gravity Line Design
e LTS Gravity Line Flow Capacity

e LTS Gravity Line Structural Stability
e LTS Gravity Line Frost Protection
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LIST OF CALCULATIONS (continued)

10.2 LTS Temporary Gravity Line Design

e LTS Tempdrary Gravity Line Hydraulic Pressure
e LTS Temporary Gravity Line Structural Stability
e LTS Temporary Gravity Line Frost Protection

10.3 LDS and LCS Manhole Design

e LCS and LCS Manhole Hydrostatic Uplift
e LCS and LCS Manhole Structural Design
e Structura] Concrete Design for the Cover and Floatation Anchor

10.4 LTS Permanent Lift Station Design

e LTS Permanent Lift Station Storage Volume
e LTS Permanent Lift Station Manhole Uplift
e LTS Permanent Lift Station Structural Design

10.5 LTS Pipe Hydrograph
VOLUME I
11.  FINAL COVER SYSTEM

11.1  Final Cover System Temporary Erosion Mat Design
11.2 Final Cover System Vegetation Design

11.3  Final Cover System Erosion Resistance

I1.4  Final Cover System Frost Penetration Depth

[1.5 Final Cover System Granular Filter Layer Design
11.6  Final Cover System Biointrusion Barrier Design
11.7  Final Cover System Drainage Layer Design

e Cover System Water Balance
e Cover Drainage Layer Maximum Head

11.8  Final Cover System Geosynthetics Selection
e Geotextile Cushion

e Geomembrane Cap
e Geosynthetic Clay Cap
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LIST OF CALCULATIONS (continued)

12. SURFACE-WATER MANAGEMENT
DURING OSDF CONSTRUCTION/FILLING/CLOSURE

12.1
12.2
12.3

12.4

Stormwater Runon/Runoff and Drainage Control Structures

OSDF Sediment Basins ‘

OSDF-Phase III Surface-Water Management System Design (See Volume
V)

OSDF - Phase IV Surface-Water Management System Design (See
Volume VI)

13. SURFACE-WATER MANAGEMENT AFTER OSDF CLOSURE

13.1

VOLUME IV

13.2

Stormwater Runon/Runoff and Drainage Control Structures

e Northemn Area Calculations

e FEastern Area Calculations

e Southern Area Calculations

o Western Area Calculations

e Addendum to Southern Area Calculations of 13.1

Drainage Control Structure Erosion Resistance

14. SUPPORT FACILITIES

14.1
14.2
14.3
14.4
14.5
14.6
14.7
14.8
14.9

Electrical Power Demand

Potable Water Demand

Sanitary Wastewater Discharge

Construction Water Demand

Decontamination Facility Water Demand
Decontamination Facility Pavement
Construction Administration Area Surfacing
Construction Haul Road

Leachate Transmisston System Access Corridor

15. BORROW AREA

15.1
15.2
153
154
15.5

GQ1342-16.3/F9630138.TOC

Borrow Area Required Volume
Borrow Area Capacity Verification
Borrow Area Water Demand
Stormwater Runoff Routing
Borrow Area Sediment Basin

500007




15.6
15.7

15.8

LIST OF CALCULATIONS (continued)

Surfdce-Water Management During Development (See Volume V)

4014

OSDF-Phase I Borrow Area Development Subarea Volume Verification

(See Volume V)

OSDF-Phase Il Borrow Area Stockpile Area Capacity Calculation (See

Volume V)

16.  IMPACTED MATERIALS MANAGEMENT

16.1
16.2
163
16.4

Impacted Material Haul Road
Impacted Runoff from Haul Road
OSDF Methane Generation
OSDF Radon 222 Release

17. HORIZONTAL MONITORING WELL

17.1
17.2

Differential Settlement and Tensile Strain
Structural Stability
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OSDF-PHASE 1V-SURFACE WATER
MANAGEMENT SYSTEM DESIGN
(SEE VOLUME VI)
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PHASE IV SURFACE-WATER MANAGEMENT SYSTEM DESIGN
EXECUTIVE SUMMARY

PURPOSE OF ANALYSES

The purpose of this calculation package is to design the OSDF surface-water management
 (SWM) structures to be constructed as part of the Phase IV development of the OSDF. These
SWM structures are designed to satisfy the requirements of the Surface-Water Management and
Erosion Control (SWMEC) Plan [GeoSyntec, 2000d] and the OSDF Design Criteria Package
(DCP) [GeoSyntec, 2000a] and are shown on the Construction Drawings. Additionally, the
adequacy of existing SWM structures is assessed. Required modifications or additions to
existing structures are incorporated into the Construction Drawings and this calculation package.

. METHODS OF ANALYSES

For the purpose of hydrologic analyses and routing through OSDF Sedimentation Basin I
(basin), the total drainage area anticipated to drain into the basin is modeled as the OSDF Design
Scenario. The OSDF Design Scenario presented here considers the actual conditions anticipated
to exist when both Cell 4 and Cell 5 have been constructed and lined and Cell 2 has been capped.
This represents the “worst case” conditions for the structures being evaluated. SWM structures
for the condition where only Cell 4 is constructed have been evaluated, and assessed to be
adequate, as a part of the OSDF Phase I package [GeoSyntec, May 2000]. Design Case “A”
represents a channel and a culvert at the southeast corner of Cell 5 constructed as part of the
SWM system for Cell 5. Neither the channel nor the culvert is incorporated into the OSDF
Design Scenario. Design Case “B” represents multiple culverts located along the Emergency
Access Road. None of these culverts are incorporated into the Design Scenario or the other
Design Case.

For Phase IV SWM structures (i.e., new structures), analyses are performed to design
channels and culverts. These structures are designed to safely convey peak flow rates from the
25-year, 24-hour storm event. Additional analyses are performed for the selection of ‘channel
lining (channel bed stability) and required height of cover over culverts (structural stability).
Analyses for channels along the East and West perimeters of the OSDF was performed as part of
the OSDF Final Design Package [GeoSyntec, 1997c]. Phase IV construction will not adversely
impact these channels; therefore, no analyses are performed as part of this Calculation Package to
assess the adequacy of these channels.

.. For existing SWM structures, analyses are performed to assess the adequacy of the modified
OSDF Sedimentation Basin 1 (basin). The basin is considered adequate if it complies with the
F0130083 8/24/200 1 A—_
000011
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design criteria for the 10-, 25-, and 100-year, 24-hour storm events, outlined in the DCP for
construction, filling, and closure of the OSDF. Hydrologic and basin routing analyses are
performed using methodologies presented m TR 20 [SCS, 1982] and TR-55 {SCS, 1986], as
coded into the computer program HydroCAD . Hydraulic analyses for channels are performed
using Manning’s equation as coded into a computer spreadsheet. Hydraulic analyses for culverts

are performed using methodologies presented in USDOT [1985], as coded into the computer

program CulvertMaster®.

CONCLUSIONS

All Phase IV (i.e., new) channels and culverts are designed in accordance with the
requirements of the SWMEC Plan {GeoSyntec, 2000d] and the DCP [GeoSyntec, 2000a], in
particular as follows:

New Channels
e Calculated peak flow velocities for grass- -lined channels are less than the permissible
flow velocity of 5.0 fps.
e Calculated freeboards for channels equal or exceed the minimum required of 0.5 ft.
New Culverts
e Calculated headwater elevations at the inlet of culverts allow for 0.5 ft or greater
freeboard.

e For CMP culverts cover provided at road crossings equal or exceed required thickness of
cover for structural stability.

The existing basin (with modifications shown in the Construction Drawings) has adequate
capacity for applicable design storm events, in particular as follows:
OSDF Sedimentation Basin 1

e The available minimum storage volume exceeds the calculated runoff volume (10-year,
24-hour storm event) and the calculated volume of 0.125 acre-ft/year per acre (disturbed
upstream drainage area multiplied by the basin cleanout frequency).

e The calculated peak water elevation for the 25-year, 24-hour storm event is below the
elevation of emergency spillway.

o The calculated peak water elevation for the 100-year, 24-hour storm event allows more
than 1 ft of freeboard from the minimum embankment crest elevation.

The required cleanout frequency for the basin is one year per cleanout.

F0130083 8/24/200 | A—_
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PHASE IV SURFACE-WATER MANAGEMENT SYSTEM DESIGN
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PHASE IV SURFACE-WATER MANAGEMENT SYSTEM DESIGN

PROCEDURES

INTRODUCTION AND PURPOSE

The major elements of the OSDF Phase IV project include construction and lining of the
Cell 4 and Cell 5 liner systems and construction of the Cell 2 cover system. These and other
construction elements are listed and their relationships to the design scenario and the design
cases are shown in Table A-1. The layout of the surface-water management (SWM) system is

shown on Construction Drawings.

The purpose of this Calculation Package is to design the OSDF SWM structures to be
constructed as part of the Phase IV development of the OSDF. Additionally, the adequacy of the
existing OSDF Sedimentation Basin 1| with new modifications is assessed. Required
modifications or additions to existing structures are incorporated into the Construction Drawings
and this Calculation Package. Analyses for channéls along the East and West perimeters of the
OSDF were performed as part of the OSDF Final Design Package [GeoSyntec, 1997c]. Phase IV
construction will not adversely impact these channels; therefore, no analyses are performed as

part of this Calculation Package to assess the adequacy of these channels.
DESIGN CRITERIA

The OSDF Phase IV SWM system is designed to satisfy the requirements of the Surface-
Water Management and Erosion Control (SWMEC) Plan [GeoSyntec, 2000b} and the OSDF
Design Criteria Package (DCP) [GeoSyntec, 2000a]. Section 2.8, SuJace-Water Management,
of the DCP contains requirements for the OSDF runon/runoff structures. This section of the

DCP is included as Attachment A-1.

000015 A
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The design of Phase IV structures includes analyses for channels and culverts. These
structures are designed to safely convey peak flow rates from the 25-year, 24-hour design storm
event. Additional analyses are performed for the selection of channel lining (i.e., channel bed

stability) and required height of cover over culverts (i.e., structural stability).

The assessment of existing structures includes analyses to assess the adequacy of the
modified OSDF Sedimentation Basin 1. The OSDF Basin 1 is considered adequate if it complies
with the design criteria for the 10-, 25-, and 100-year, 24-hour design storm events, outlined in

the DCP for construction, filling and closure of the OSDF.
DESIGN SCENARIOS

The design of Phase IV SWM structures, and assessment of hydraulic capacity for
existing structures, is performed using hydrologic and basin routing analyses in which the total
dréinage area anticipated to drain into the basin is modeled in this calculation package as the

. “OSDF Design Scenario”. The OSDF Design Scenario presented in this package considers the
actual conditions anticipated to exist when both Cell 4 and Cell 5 have been constructed and
lined and Cell 2 has been capped. This represents the “worst case” conditions for the SWM
structures'being evaluated for this phase of construction. SWM structures for the condition
where only Cell 4 is constructed have been evaluated, and assessed to be adequate, as a part of
the OSDF Phase I package (GeoSyntec, May 2000). Design Case “A” represents a channel and
a culvert at the southeast corner of Cell 5 constructed as part of the SWM system for Cell 5.
Neither the channel nor the culvert is incorporated into the OSDF Design Scenario. Design Case
“B” represents multiple culverts located along the Emergency Access Road. None of these
culverts are incorporated into the Design Scenario or the other Design Case. The OSDF Design

Scenario, Design Case “A”, and Design Case “B” are further described in Table A-1, and below.

OSDF Design Scenario

The OSDF Design Scenario incorporates existing and new conditions, including the
. construction of the enhanced pe}rmanent leachate transmission system (EPLTS) project, Cell 4,

Cell 5, the Cell 1 and Cell 2 final cover systems, and the Access Control Facility Road. For this

F0130083 : 000016 8/24/200 | Ml
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design scenario the Cell 1 final cover system is vegetated, the Cell 2 final cover system is

unvegetated, and Cells 3, 4 and 5 are réceiving impacted material (i.e., runoff from within the
perimeter berm of cells receiving impacted material is contained énd does not enter the Phase IV
SWM system). The capacity of the OSDF Basin 1 is reduced due to the relocation of the access
control facility road, which has been relocated to just south of Valve House 6. The bottom of the
OSDF Basin 1 has been excavated to increase the capacity of the basin and OSDF Basin 1 is also
expanded east to the perimeter of the impacted material access facility road berm. A schematic
layout of the SWM system represented in the OSDF Design Scenario is provided in Attachment
A-2.

Design Case “A”

Design Case “A’ incorporates a channel and a culvert at the southeast end of Cell 5, which is
not a part of the Phase IV SWM system for the Cell S liner system. -Design Case “A™ considers
. existing conditions in the runon area to the east of the OSDF, and includes the runoff from the
easternmost section of Cells 4 and 5. Neither the channel nor the culvert is represented in the

OSDF Design Scenario. A schematic layout of the SWM system in Design Case “A” is provided

in Attachment A-2.
Design Case “B”

Design Case “B” incorporates multiple culverts along the Emergency Access Road, which

are not a part of the Phase IV SWM system for the Cell 5 liner system. Design Case “B”
considers existing conditions in the runon area to the east of the OSDF. These culverts are not
represented in the OSDF Design Scenario or the other Design Case. A schematic layout of the

SWM system in Design Case “B” is provided in Attachment A-2.
SOFTWARE

Hydrologic and Basin Routing Analyses
Surface-water runoff peak flow rates and other hydrologic and hydraulic information are
. estimated using the computer program “HydroCADTM” [HydroCADTM, 2001]. This program
uses hydrologic procedures presented in U.S. Soil Conservation Services’ TR-20 [SCS, 1982]

F0130083 000017 8/24/2001#
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and TR-55 [SCS, 1986]. Hydrographs for individual subcatchments are routed through a user
specified nodal network for each design scenario and design case (see Attachment A-8), using
standard hydrologic routing techniques. Runoff hydrographs from subcatchments are developed
using input parameters which describe the storm event for which the calculation is being
performed and characteristics of the subcatchment. Built-in subroutines allow the user to route
the hydrographs through a sediment basin. The HydroCADTM Technical Reference Manual is

provided as Attachment A-3.

Channel Hydraulic Analyses _
Hydraulic analyses for channels are performed using computations based on Manning’s

equation, as coded into a computer spreadsheet.

Culvert Hydraulic Analyses

Hydraulic analyses for culverts are performed using methodologies presented in USDOT
' [1985], as coded into the computer program CulvertMaster® [Haestad Methods, 2000]. Built-in
subroutines allow.the user to perform calculations for inlet and outlet control. The
CulvertMaster® User’s Guide [Haestad Methods, 2000] Theory Section is provided as
Attachment A-4.

HYDROLOGIC AND BASIN ROUTING ANALYSES

Hydrologic and basin routing analyses are performed using HydroCADTM for 10-, 25-, and
100-year, 24-hour storm events. Input parameters are presented in the Data Verification section
of this calculation package. HydroCADTM output reports are presented in Attachment C-1 of the
Calculation Section of this calculation package. Major input used in the HydroCADTM
subroutines includes parameters for subcatchments, reaches, and basins. These parameters are

introduced and calculation methods described in the following sections.

F0130083 000018 8/24/20014‘-‘?&-
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Subcatchment Runoff

Rainfall Distribution

This parameter characterizes the assumed distribution of the design rainfall depth over a 24-
hour duration and is selected based on the location of the Fernald site within the United States.
Selection of this parameter is further described in the Data Verification section of this calculation

package.

Rainfall Depth

This parameter is the total rainfall for a 24-hour design storm event. The design rainfall
depths for return periods of 2, 10, 25, and 100 years are obtained as described in the Data

Verification section of this calculation package.

Hydrologic Soil Groups (HSG)

This parameter classifies surficial soils at the site based on hydrologic characteristics, as
presented in the Soil Surveys of Butler and Hamilton Counties, Ohio [USDA-SCS, 1980 and
1992]. The soil types and hydrologic soil groups found in the vicinity of the OSDF watershed

~are shown on a plan view of the OSDF area in Attachment A-5 [USDA-SCS, 1980 and 1992]
and soil hydrologic data in Attachment A-6 [USDA-SCS, 1980 and 1992]. The soil names

identified for the OSDF area and their respective HSG classification are summarized below.

SCS Map Soil Name Hydrologic

Label ' Soil Group
FcA, FdA Fincastle C
Rda Raub C
RwB2 : | Russell B
XeB, XeB2, XfA, XfB2 Xenia B
MoE2 Miamian C

S
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An HSG classification of B/C is selected for final cover system and liner system runout.
areas. The final cover system and liner system runout will be constructed using soil from the
borrow area. This soil is anticipated to include B and C soils, with approximately 85% of the soil

being classified as B.
Runoff Curve Numbers (CNs)

CNs are selected based on ground cover type, land use, cover condition, and HSG
classification of site soils. A list of land use categories characterizing drainage areas for the
Phase IV SWM system is presented in the following table. This list is developed based on
characterization of the ground cover and land use for anticipated runoff area conditions during
Phase IV construction. Land use categories are associated with TR-55 categories of land use and

ground cover (See Attachment A-7 from [SCS, 1986]) and are presented in the following table:

Land Use Category TR-55 Land Use/ Ground Cover|{ HSG | CN
Category
B 86
Unvegetated final cover system
and liner system runout Newly graded areas ¢ o1
B/C 89
. . B 79
Open space in poor condition
Vegetated final cover system - corresponds to 50% grass C 86
cover ]
‘ B/C 83
: B 69
" Runon Areas East of the OSDF Pasture in fair condition
c |79

Farmsteads — buildings, lanes,
driveways, and surrounding
lots

Disturbed area used for

construction support activities C 82

Sedimentation basin (SB) or

direct runoff to SB Impervious surfaces - 98

F0130083 000020 82472001 dm
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For areas indicated in the above table as having an HSG of “B/C”, the CN was calculated
based on a 1:1 ratio of B and C soils. A weighted CN for each subcatchment (CNs.) is
calculated as a weighted average of CNs present within the subcatchment. The following

equation is used as coded into a spreadsheet:

CNs_; = Zn:PiCNi

i=l

Where, P; is the percentage of total subcatchment area for CN;.

Subcatchment Time of Concentration

The time of concentration for each subcatchment is calculated as the sum of the travel times
for sheet, shallow concentrated, and channel flows, for a flow path from the mést hydraulically
distant location in the subcatchment to the outlet of the subcatchment. These calculations are
performed within HydroCADTM using specified input parameters for flow regimes.. Methods and
equations used for these calculations are presented in the HydroCADTM Technical Reference

Manual presented as Attachment A-3. Input parameters include the following:

o For sheet flow travel time: surface description or n = Manning’s roughness coefficient
(dimensionless); L = flow length (ft); P = 2-year; 24-hour rainfall depth (inches); and S =
land slope (rise/run).

o For shallow concentrated flow travel time: surface description; L = flow length (ft); and

S = land slope (rise/run).

e For channel flow travel time: L = flow length (feet); s = longitudinal slope (rise/run); n =
Manning’s roughness coefficient (dimensionless); D = flow depth (feet); W = bottom

width (ft); and sideslopes (rise/run).

Manning’s roughness coefficients (for sheet flow calculation referenced above) are selected
based on a correlation of ground description to TR-55 surface descriptions [SCS, 1986], as

shown in the following table:

F0130083 . 0000241 38r4n001 L‘:
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Ground Description TR-55 Surface Description Manning’s n

for Sheet
Flow
Unvegetated final cover | Smooth surfaces (concrete, 0.011
system and liner system | asphalt, gravel, or bare
runout , soil)
Vegetated area, construction | Grass: short grass prairie 0.15

support area and vegetated
final cover system

A further description of input parameters for time of concentration computations is provided

in the Data Verification section of this calculation.

Reaches

Hydrologic analyses, for estimation of peak flow rates and runoff volumes (for evaluation of
SWM structures), are performed by routing the hydrographs for individual subcatchments

through reaches. Reaches include channels and culverts, as described below.
Channels

For hydrologic analyses, channel parameters are input into HydroCADTM based on
information from the Construction Drawings. Channels consist of either “V” or trapezoidal-
shaped sections, with either grass or riprap lining. Input parameters include: (i) bottom width
(ft); (i) sideslopes (rise/run); (iii) length (ft); (iv) longitudinal slope (rise/run); (v) Manning’s
roughness coefficient (dimensionless); and (vi) depth (ft). The adequacy of channels is assessed

as described in a later section.

_—
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Culverts

For hydrologic analyses, culverts are ihput into HydroCADTM as one or multiple 72-in.
diameter pipes. Input parameters include: (i) length (ft); (ii) slope (rise/run); and (iii) Manning’s
roughness coefficient (dimensionless). The culvert sizes selected in the computer model (i.e.,
one or multiple 72-in. dia. pipes) are fictitious values used solely for ease of computation.
Design of culverts (i.e., selection of size and number of pipes) is performed using the computer
program CulvertMaster® which uses peak flow rates obtained from hydrologic analyses and

accepted methodblogies described in a later section.

Sedi tion Basi

Surface-water runoff is routed through an individual basin for the scenario noted below.

e OSDF Basin 1: routed for the OSDF Design Scenario.

Routing through the basin is performed utilizing the Storage-Indication Method coded into.
HydroCADTM. For the storage-indication method, the inflow runoff hydrograph at a basin and

the stage-storage and stage-discharge relationships of the basin are utilized.

. . . . . T .
The stage-storage relationship of a basin is developed in HydroCAD M using the Surface
Area — Conic Volume Determination Method where cumulative storage is calculated based on
areas within elevation contour lines from the outlet pipe invert elevation to the minimum

embankment crest elevation. .

The stage-discharge relationship of a basin is modeled in HydroCADTM using the size and
inlet elevations of the principal spillway riser and outlet pipes and the size, shape, and inlet
elevation of the emergency spillway. Principal spillways consist of a pair of vertical riser and
horizontal discharge pipes. Riser pipes are modeled as sharp-crested weirs in low flow
conditions and as orifices in high flow conditions. Horizontal outlet pipes are modeled as
culverts. The OSDF Basin 1 includes an emergency spillway, which is ;nodeled as broad crested

rectangular weir. Also, the low-flow orifices (8-in. diameter) located at the bottom of the risers

F0130083 000023 8/24/2001L—_
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are neglected (conservatively) for this analysis. Additional information concerning development
of stage-discharge relationships for these control structures is included in the HydroCADTM

Technical Reference Manual provided as Attachment A-3.
HYDRAULIC ANALYSES

The design of new SWM structures and assessment of existing SWM structures includes
hydraulic analyses for channels, culverts, and the basin. Peak flow rates from HydroCADTM

output reports are utilized.
Channels

The hydraulic capacity of each new channel is evaluated for conveyance of peak flow rates
from the 25-year, 24-hour design storm event. In addition, analyses are performed to evaluate
lining stability. For the purpose of these analyses, channels are divided into segments of

relatively uniform cross-section and longitudinal slope.
Hydraulic Capacity

The adequacy for the hydraulic capacity of channels is evaluated in terms of an available
freeboard for peak flow rates. The available freeboard is calculated as the difference between the
minimum available flow depth in the channel and the peak flow depth. The peak flow depth is
calculated based on Manning’s equation as coded into a computer spreadsheet. Manning’s

equation is as follows:

0 =1 A%
n
Where,-Q is the peak flow rate (cfs), n is Manning’s foughnc_ss coefficient (dimensionless), A is
cross-sectional area of flow (ft®), R is hydraulic radius (ft) defined as R = A/P where P is wetted
perimeter (ft), and S, is longitudinal slope (rise/run). The minimum required freeboard (from the
peak flow level to the level of overtopping of the channel sideslopes) is 0.5 ft. The minimum

available flow depth is obtained from the Construction Drawings.
F0130083 000024 8/24/200 | A=
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Channel Lining

For each new channel, a peak flow velocity is calculated and compared to the permissible
flow velocity for the selected channel lining. Permissible flow velocities for grass and riprap
linings are <5 fps and <12 fps, respectively. Peak flow velocities are calculated based on

Manning’s equation, using a computer spreadsheet.

Culverts

The hydraulic capacity of each new culvert is evaluated for conveyance of peak flow rates
from the 25-year, 24-hour design storm event. New culverts are made of corrugated metal pipe

(CMP).
Hydraulic Capacity

The adequacy of culverts is evaluated for inlet and outlet control conditions in terms of
headwater elevation, using the computer program CulvertMaster®. An- allowable headwater
elevation is calculated as the elevation of overtopping of the channel sideslopes or road crossing
minus 0.5 ft freeboard. The higher of the inlet or 6utlet headwater elevations is taken as the

controlling elevation.

The following input parameters are required: (i) material type and culvert shape; (ii) inlet
configuration; (ii1) number of culverts and diameter (ft); (iv) length (ft); (v) inlet and outlet invert
elevations (ft MSLY; (vi) 25-year, 24-hour peak flow rate (cfs); (vii) tailwater elevation; and (viii)
overtopping elevation. In cases where culverts discharge into well-defined channels, tailwater
elevations are assumed as the elevation of the normal flow depth in the downstream channel. In
cases where the downstream channels are not well-defined, a tailwater depth of 1 foot is assumed
arbitrarily. Tailwater elevatibns for the two culverts discharging into the sedimentation basin are

assumed as the peak water level in the basin for the 25-year, 24-hour storm event.

F0130083
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Outlet Protection

For each new culvert, riprap outlet protection is recommended using a design chart from

" USDA-SCS [1987], for the 25-year, 24-hour storm event. This design chart is presented in
Attachment C-4B. Outlet protection is recommended in terms of downstream riprap length and
average riprap particle size (dso). For the purposes of designing outlet protection, the flow depth
just downstream of the culvert is assumed as less than one half the diameter of the culvert (i.e., a

minimum tailwater condition). Criteria for the selection of ‘downstream riprap length and

thickness are listed below.

e The downstream riprap length (at a culvert outlet) is based on the design chart, but at a

minimum will be four times the culvert diameter (hereafter referred to as “minimum
' riprap length”).

e If riprap is not required based on the design chart but the outlet velocity for the culvert is

5 fps or greater, the minimumn riprap length is recommended.

e If riprap is not required based on the design chart and outlet velocity for the culvert is

less than 5 fps, no outlet protection is recommended.

e If the direction of discharge (i.e., at culvert outlet) is not aligned with the longitudinal

direction of the receiving channel, the minimum riprap length is recommended.

e Riprap thickness as described in DCP (GeoSyntec, 2000a).

Downstream channel peak flow depths are obtained from the results of hydrologic analyses.
Outlet velocities are obtained from CulvertMaster® output reports.  Where riprap is
recommended for outlet protection, inlet protection is also recommended. The upstream length

is two times the culvert diameter with a dso equal to that for the outlet protection riprap.

' Structural Stability

F0130083 ‘ 000026 81242001
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For each new culvert, structural stability is evaluated. F;)r culverts crossing roads used by
heavy -constructibn vehicles (off-highway vehicle road) a Caterpillar D400E articulated truck
(D400E) [Caterpillar, 1998] is selected as the design vehicle. For culverts crossing roads used
only by highway vehicles (on-highway road), an HS-20 axle load is selected for design. The
design axle load for off-highway vehicle roads of 95 kips is for a fully loaded truck and the
combination of both rear axles (See specification for D400E in Attachment A-9). The design
axle load for on-highway vehicle roads of 32 kips corresponds to an HS-20 loading [ACPA,
1998].

For CMP culverts, structural stability is evaluated using manufacturers guidelines {Contech,
1999 — See Table in Attachment A-9] for unpaved roads. In accordance with these guidelines,
the minimum required cover for culvert diameters of 42 in. and less for off-highway and on-

highway vehicle roads is 3.0 ft and 2.0 ft, respectively.
N S ]0 I - B -

The existing basin is évaluated for conveyance of runoff from applicable design storm

events. A cleanout frequency of once per year is assumed consistent with the SWMEC Plan.
OSDF Sedimentation Basin 1 (See DCP Section 2.8 in Attachment A-1)

e The minimum available storage volume (below the principal spillway inlet elevation)
should exceed the calculated runoff volume from the 10-year, 24-hour design storm
event and the calculated volume of 0.125 acre-ft per year per acre (disturbed upstream
drainage area multiplied by the basin cleanout frequency). Total drainage area is

conservatively used in place of disturbed upstream drainage area.

o The principal spillway should discharge runoff from the 25-year, 24-hour design storm

event with no flow entering the emergency spillway.

o The principal and emergency spillways should discharge runoff from the 100-year, 24-
hour design storm event, allowing for 1 ft of freeboard from the minimum embankment

crest elevation.

A
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TABLE A-1

OSDF PHASE IV CONSTRUCTION ELEMENTS AND DESIGN SCENARIO

Analysis Feature Status Considered in Design Comments
of Structures
OSDF DS Cell 1, 2, 3 liner system Existing Yes
OSDF DS Cell 4, 5 liner system New Yes
OSDF DS OSDF Basin 1 Existing Yes Basin configuration as modified as part of Phase 1V
- construction activities.
OSDF DS Channels and culverts Existing Yes
OSDF DS Channels and culverts New Yes
OSDF DS EPLTS Project Existing Yes To be constructed prior to Phase IV. Therefore,
considered existing for the purpose of this analysis.
OSDF DS Cell 1 final cover system (vegetated) Existing Yes To be constructed prior to Phase IV. Therefore,
considered existing for the purpose of this analysis.
OSDF DS Cell 2 final cover system (unvegetated) New Yes
OSDF DS Access Control Facility Road Existing Yes To be constructed prior to Phase IV, Therefore,
considered existing for the purpose of this analysis.
DCA South East Channel New Yes
DCB Emergency Access Road New Yes

OSDF DS = OSDF Design Scenario
DC A = Design Case “A”
DC B = Design Case “B”
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ATTACHMENT A-1

DCP SECTION 2.8
SURFACE-WATER MANAGEMENT

F0130083 000031 8/24/2001“';-‘:'-




and Benson, CH.,
Lmers" ASC .

"Water Content Densnty Cntena f ' mpacted Soil

U.S. Environmental bgection Agency (USEPA), "Techg
Quality Assurangg®®nd Quality Control for Waste Containment P
93/182, U ggnvironmental Protection Agency, 1993: R

2.8 Surface-Water Management

2.8.1 Categories of Surface Water

Gwdance Document - -
g /ies", EPA/600/R-

Surface-water management for the OSDF must consider three categories of surface -

water:

» stormwatersurface-water runon from outsnde the battery hrmt ate-to within the
battery limit;

o steﬁnwatepsurface-water runoff, which includes all runoff from' disturbed areas
within the battery limit, except for wastewater explicitly.identified below; and

« wastewater, which includes all waters that must be .contained, collected, and
conveyed to the biosurge lagoon or the FEMP former: productxon area storm
drainage control system. '

Wastewater generated as a result of development of the OSDEF area includes:

» leachate and runoff from impacted material within the OSDF; these wastewaters
will be contained in the OSDF, allowed to percolate into the leachate collection
system, and then conveyed by gravity through the: leachate :collection system
pipe to the OSDF leachate-transmission-system-EPLTS: (as discussed in Section

GE3960-03.1GQ1001-05/F9530004.CDOCD 1BC 292 : . 00.05.05
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2.5 of this DCP);. _ Surface-water collected in the OSDF: cell.catchment area
may be conveyed to the FEMP former production area storm drainage control

system or other on-site wastewater collectnon/conv_yance gomt acceptable to.
DOE and OEPA/USEPA. :

‘runoff fmm impacted-material staging areas; these~aré self-contained units; "

liquid generated in these units will be conveyed to the FEMP former productxon-

area storm drainage control systerm, or eother on-site - wastewater

collection/conveyance point acceptable to DOE and OEPATUSEPA;

runoff from impacted-material haul roads; this. water will be -contained, -
collected, and conveyed to the FEMP former production:-area:storm-drainage

control system, or other on-site wastewater collectlon/conveyance point
acceptable to DOE and OEPA/USEPA; and

perched ground water that seeps into excavations; this water, will-be contained;

collected, and conveyed to the FEMP former production.area:storm drainage-

control system, or other on-site wastewater collection/conveyance point
acceptable to DOE and OEPA/USEPA. C

The remainder of this section of the DCP presems design:criteria for management

of stormwaters and wastewaters.

2.8.2 General Design Criteria

The functions of the surface-water management system.are to: (i) route surface
water to designated locations where it can be appropriately: managed; (ii) protect the
OSDF from damage caused by precipitation and stosmwatersurface-water runon and |
runoff; and (jii) discharge surface water to existing watercoursés in accordance with
applicable regulatory and DOE requirements. |

-

3 4GQ1001-05/F9530004.CBOCDI BC 2-93 - : 00.05.05

The surface-water management system should perform in a manner that meets the
project requirements for both temporary conditions (i.e., during construction, filling,
and closure of the OSDF) and long-term conditions -(i:e., after closure of the OSDF). -
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‘The system should prevent stepmwatersurface-water: runon to the OSDF and

uncontrolled stormwater and wastewater runoff from.the OSDF.:- Features of the

permanent surface-water management system should be: designed to require minimal
*_monitoring and maintenancé. The system should be integrated, to the extent possible,
_ w1th emstmg ‘topography, features, and facilities (desxgn consnderatlons)

L2 8.3 Stermwater———Surface-Water Management: During . OSDF
Constructloanlllmg/Closurc DT T R

A. Design Criteria

. "'.Temporary surface-water control structures for the  OSDF shallwill be.

designed for the 25-year, 24-hour storm event (ARAR: EPA 40 CFR
§258.26 and' OAC 3745-27-08(C)(6)(2) and (b)).. For the FEMP: property,
this event has a rainfall intensity of 4.7 in. 420-mm)-[Parsons, 1995a).

e Temporary surface-water control structures shallwill be designed to
minimize silting and scouring (ARAR: OAC 3745-27-08(C)(6)(c)).

e Temporary runon control measures should meet: the following criteria
(design considerations). -

* Upgradient runon should be prevented from entering active working:
areas. Such runon should be diverted around work areas using berms,
dikes, or channels as appropriate. This runon should-not be allowed to
mix with wastewater. '

* Runon to temporary excavations should be prevented using berms,
ditches, or other surface-water control features.

* Runon to impacted material stockpiles should be prevented using berms,
ditches, or other surface-water control features.

GE3900-03.1GQ1001-05/F9530004.CDOCDIBC 2-94 - : 00.05.05
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¢ Runoff from disturbed areas should be routed to the appropriate temporary -
sediment basin or managed using other appropriate: erosion. contrel -
practices. There must be no mixing of stemwatersurface-water runoff and-

4014

Q_Q‘._é

FEMP OSDF-DCP-REV {BiC

Prior to placement of impacted material into an OSDF cell; permanent

runon controls must be in place. The requirements for permanent runon

‘control are d¢scﬁbed in more detail in S_ec_;tion' 2.8.4 of this DCP.

wastewaters (functional requirements).

¢ Temporary sediment basins shallwill meet the followmg cntena of OEPA-.

(ARAR: OAC 3745-27-08(C)(6)(d)):

the minimum acceptable basin storage shallwill be established as the -

larger of the calculated runoff volume from a 10-year; 24-hour storm:.

event, or, 0.125 acre-ft (0-:045-ha-m)-per year (for each acre-(ha) of

upgradient disturbed area) multiplied by the scheduled -frequency of

basin cleanout (in years) ((6)(d)(i)); for the FEMP property,:the 10-year, . -

24-hour storm event has a rainfall intensity of 4.1 in. G@%m)
[Parsons, 1995a];

the principal spillway shallwill be capable of safely discharging the flow

from a 10-year, 24-hour storm event; the inlet: elevation of the:
emergency spillway shallwill be designed to provide flood:storage, with:
no flow entering the emergency spillway during a’ 25-year; 24-hour:

storm event, with allowance provided for the flow -passed. by the
principal spillway during the event ((6)(d)(i1)); as previously.noted, for
the FEMP property, the 25-year, 24-hour storm event has’a ramfall
intensity of 4.7 in. (}20-mm)-[Parsons, 1995a); -

the combination of principal and emergency spillways:should be capable -

of safely discharging the flow from a 100-year, 24-hour:storm event; the .-

basin embankment design should provide for no less than 1. ft (83-m)-of | .

net freeboard when flow is at the design depth, after allowance for

embankment settlement ((6)(d)(iii)); for the FEMP: property, the 100-

-
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-, year, 24-hour storm event has a rainfall - mtensxty of 5.6 in. H42-mm)
[Parsons 1995a]; and :

» the basin shallwill be constructed using a compacted soil liner, a |

- -geomembrane, or a combination thereof ((6)(d)(1v)})),

..»__sediment basins will be equngped with ring . buoys. and other

safety/drowning equipment in accordance with USOSHA 1926 106.

Wx(h respect to the last ARAR ((6)(d)(iv)),.on 24 February 1992, the OEPA
DSIWM issued the following guidance on the need for lmmg ;sediment

‘basins:

"The sole purpose of a liner in a sediment basin is water.retention.
Therefore, a design capable of ponding water, whether or not it
contains a liner, will be acceptable to the Director.. -In-areas with
predominantly in-situ low permeability clay, a liner may be
unnecessary (it would be wise to scarify and recompact the clay
surface). The landfill engineer is responsible for meeting the
"ponding” standard ~ In areas with more permeable soils a
recompacted clay liner is necessary, but the Q4/QC standards can be

- minimal and certainly do not need to follow: the Iandﬁll liner
standards."

The foregoing requirement is interpreted as allowing. the development of

unlined sediment basins in the low-permeability tills-underlying the FEMP.

To assure compliance with the intent of this guidance, the construction
specifications for sediment basins associated with the OSDF should require
scarification and recompaction of the till exposed. in the ‘'sediment basin
excavation, and overexcavation of any observed granular soil zones, followed
by backfilling with till and recompaction (design consideration).

Stermwater-Surface-water runoff from the FEMP watersheds in-the-OSBE
to the receiving water course (e.g., Paddys Run) should be discharged at a

4GQ1001-05/F9530004.CDOCDIBC 2-96 : : 00.05.05
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rate no greater than the predevelopment'runoff discharge rate [ODNR-
BSWG, 1996] (design consideration).

Temporary channels for stormwater runoff should be designed to meet the
following criteria (design considerations).

Channel lining:
peak flow velocity in riprap-lined channels should be less than 12 ft
per second-3-7-m/s), unless it is demonstrated that greater velocities
will not cause erosion or malfunction of the surface-water
management feature; and
peak flow velocities in grass-lined channels should be less than 5 ft
per second--5-m/s).

Channel sideslopes should be no steeper than 3 horizontal to 1 vertical.
Channel bottom widths may be zero.

The channel freeboard should be at least 0.5 ft (9-45-m)-under the design
storm event.

Channels should be sloped at no less than 0.5 percent to prevent
sediment buildup and clogging, unless it can be established by
calculation that a lesser slope will not clog or build up sediment that will
cause loss of flow capacity in the design storm event. Channel slopes
should be no steeper than 5 percent unless it can be established by
calculation that a steeper slope will not cause unacceptable erosion or
other malfunction.

Temporary culverts should be designed according to the following criteria
(design considerations).

Culverts may be used in locations as needed and where cost-effective.

GE3960-034GQ1001-05/F9530004.CBOCDIBC 297 00.05.05
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* Channels should be protected from erosion using riprap or erosion mats
for a distance-length of at least. two culverts diameters upstream and a
width of at least three culvert diameters diameters-downstream—of the
culvert inlet-er—outlet;—respeetively. The length and width, of riprap
lining and average particle size downstream of the culvert outlet should

" meet criteria for permanent outlet protection provided in USDA-SCS,
1987. '

*  Minimum thickness of riprap lining will be two times Ds, but not less
than 6 in. and will be underlain by geotextile filters.

Riprap shallwill be designed according to the following criteria (design
considerations).

¢ For channel lining, nprap should be sized to meet the following criteria
[ODNR, 1996];
- Dy=624 pcfxdxS/4
where: D, = theoretical spherical diameter of average stone size;
T d= - peak flow depth for the design storm event (ft); and
S = channel slope (rise/run).

¢ Riprap should meet the following particle size criteria [ODNR, 1996]:
- Dy =1.5x Dy
-D;5;=051t00.75x Dy,
where:-D,—theoretical-spherical - diameter of average stone-size; D, =
theoretical spherical diameter of largest stone size; and D4
= theoretical spherical diameter of the stone size for which
15 percent of the material is smaller.

* For channels, the minimum thickness of the riprap lining should be two
times Dy,, but not less than 6 in.-(1-50-mm).
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* ‘Riprap used at channel transitions should. extend upstream and
“downstream of the transition a distance of five times the downstream
channel depth; the minimum extension should be 15 ft-(4:5-m).. -

-8 Geotextile filters may be used to control piping and erosion.beneath
riprap in temporary facilities. Granular soils should be used for filters in
permanent structures containing rprap, if requued to prevent
undermining of the riprap. PR

¢ Rock, grade control structures should be desngned accordmg to the
followmg criteria (design considerations). - :

* Rock, grade control structures may be used in temporary ‘facilities.
They should be designed in accordance with standard design procedures.

* The minimum heigﬁt of rock, grade control structures should be 1.5 ft
€0-45-m)-and the minimum top width should be 2 ft-0-6-m).

e Temporary erosion control measures should include the items listed below
(design considerations). ‘

*  Runoff from all disturbed areas should be routed to sediment basins, or
managed using other appropriate sediment control practices, prior-to
discharge to natural watercourses, except for wastewaters which should
be managed as described in Section 2.8.5 of this DCP.

* The size of any excavated or disturbed area should be as small as
possible to minimize the potential for erosion (design consideration).
Disturbed areas should be revegetated at the earliest possible time.

* Temporary erosion control may be achieved wusing geosynthetic
materials, vegetation, crusting agents, check dams, . straw bales, silt
fences, or other appropriate structures. ‘
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* The use of erosion control materials should be minimized in impacted
soils requiring OSDF disposal. Preference should be given to runon
control, surface grading, and the selective use of erosion resistant -
impacted materials to control erosion of impacted areas. i}

* Maintenance and upkeep procedures for temporary. erosion control
features should be specified -in- the Surface-Water Management and.
Erosion Control Plan :

It is noted that stemmwater—surface-water fouting ‘and stermwater—surface-water |
- management system design for watercourses and structures beyond the battery limit will
be addressed in other design packages being prepared.as- paxt of the integrated FEMP
‘remediation. L .

B. Calculations

Calculations should be performed to size the sediment basins for each ‘contributory
drainage area for each representative phase of the OSDF development. The calculations
should be performed as described below. :

« The amount of surface-water runon and runoff should be calculated for each
contributory drainage area.

« The size of the drainage control structures (e.g., channels) should be calculated
‘ for each contributory drainage area. :

« The size of the sediment basin, including outlet structures, should be calculated
for each contributory drainage area.

The above calculations should be performed using the design storm events
“previously identified. Runon/Runoff routing and.sediment basin sizing may be
evaluated using the procedures described in USDA-SCS Technical Releases 20 and/or
55 [USDA-SCS, 1975, 1986a); an acceptable tool for performing these calculations is
the computer program "HydroCADITM Stormwater Modeling System" [Applied
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Microcomputer Systems, 1993]. The above evaluations should- be. based on ' the
. information and guidance contained in. USDA-SCS- manuals [1985 1986b and 1988]
and ODNR-BSWC [1996]. T SIS

Culverts should be sized in accordance with U.S. Federal Hig‘hway ‘Administration

-guidelines [USDOT,. 1985] and meet the structural:design’ criteria contained in --

applicable design references such as the Concrete Pipe DeSlgn Manual [Amenca =
Concrete Pipe Association, 1970]. LR e _

In the event that a channel bottom grade is less than 0.5:percent, an analysis should .
be performed to establish that the channel does not' clog O bmld up sedxment that will .
cause loss of flow capacity in the design storm event.: S g : :

2.8.4 StormwaterSurface-Water Management Adfter OSDF Closuré-
A. Design Criteria

+ Permanent runon control structures for the OSDF shallwill be-designed to limit
interruption and damage (i.e., washout) of the OSDE: in'the 2,000-year, 24-hour
storm event (design criterion for assumption of a DOE -Performance Category 2 -

facility). For the FEMP property, this event has a rainfall:intensity of 13.0 in. .-

(330-mm)-[Parsons, 1995a]. Runon should be controlled-and diverted away
from and around the OSDF using channels or: dwersnon ‘berms (design
consideration). L I

« Permanent runoff control structures for the OSDF shaliwill:be designed to-limit
interruption and damage (i.e., washout) of the OSDE:in. the:2,000-year, 24-hour
storm event (design criterion for assumption of a DOE Performance Category 2
facility). Lo

o Permanent runoff control measures should be desxgned accordmg to. the
following criteria (design considerations). ' '
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«  Runoff from the 2,000-year, 24-hour storm event should be allowed to sheet -
- flow to the toe of the OSDF final cover. s oL

« Rurnoff from the toe of the OSDF final cover should:either sheet flow- away»
from the facility or to a drainage channel beyond the toe.

- . Any drainage channels beyond the OSDF final cover system toeshould
_outlet to existing drainage features at the battery limit:-The location of the
outlets should progress from north to south concurrent:with the progressive
.development of the OSDF. The final outlet location for. runoff from the.
‘eastern portions of the OSDF should be unmedrately south of the ‘southern-

limit of the OSDF. : e

« Permanent drainage channels shallwill be de51gned to..meet’ the : following
criteria (design considerations). e

The dimensions of the channel should accommodate’ both normal low flows
and peak precipitation runoff flows.

The ﬁnal grades of the channel should be no less than 0.5 percent to prevent
sediment buildup and clogging, unless it can be established by calculation
that a lesser slope will not clog or buildup sediment.that will-cause loss of
flow capacity in the design storm event. Channél:slopes- should be no
steeper than 5 percent unless it can be established. by -calculation that a
steeper slope will not cause unacceptable erosion or other malfunction.

Peak flow velocity in the channel should not initiate:channel gully:erosion
or scour.

Erosion potential. should be minimized at channel transitions by utilizing
smooth, rounded, and graded transitions wherever possible (preferred) and
erosion control structures only when needed. :
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Flow velocity in the channel during high frequency (e.g., 2-year return:

frequency) and low-intensity (i.e., approximately 1 in. (25-mm)-in 24
bours) storm events should be large enough to limit sedimentation in the
channéls, to the extent possible.

. Charinel sideslopes should be no steeper than'3 horizontal to 1 vertical.

« Permanent drop inlets and culverts may be used downgradient of the: OSDF if -
necessary and if failure of the drop inlet and culvert would not result in damage-

The freeboard in the drainage channel should be at.least 0.5 ft (0—1é—m)

- during the design storm event.

to, or interruption of, the OSDF. Permanent drop inlets and culverts should be
designed to meet the following criteria (design considerations).

Culverts beneath roads or access corridors where traffic is- limited to
highway vehicles should. be designed for American. Association of State
Highway and Transportation Officials (AASHTO) HS- 20 live loads and
applicable dead loads.

Culyerts beneath haul roads or access roads used for construction traffic
should be designed for vehicle live loads and applicable dead loads..

Channels should be protected from erosion using riprap for a length of at.

least two culvert diameters upstream and a width of at least three culvert |

diameters _upstream and _downstream. and—four—eulvert—diameters
dowmstream—of the culvert inlet-er—outlet—respectively: The length and
thickness of riprap lining and average particle size downstream of the
culvert outlet should meet criteria for outlet protection provided in ODNR. -

-Permanent culverts should not be used upgradient of the OSDF.

« Riprap, if needed should be designed as descnbed in-Section 2.8.3 of this DCP
(design consideration).
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o Riprap should consist of field stone .or rough unhewn :quarry stone of
‘approximately rectangular shape. The stone should ‘be hard-and angular and of

a good quality, consistent with the UMTRA Techmcal Approach Document~ :

[DOE 1989) (desxgn consideration). S R

o Granular soils should be used as filters and -bedding: for permanent riprap -

features where necessary to prevent undermmmg of the nprap (design...

‘consideration).”

¢ Rock grade control structures, if used, should be desrgncd to:meet the cnterla
~llsted in Section 2:8.3 of this DCP (design consideration): ;s : : -

.. ¢~ -Stormwater. runoff from watersheds in the FEMP toithe: rreceiving water course..
(e-g., Paddys Run) should be discharged at a. rate rio: “greater than: the

predevelopment runoff discharge rate [ODNRQSWG 199.6] * (design |: :

consideration).

It is noted that stormwater routing and stormwater management.system design for
watercourses and structures beyond the battery limit-will-be addressed in: 'other design .
packages being prepared as part of the integrated FEMP.remediation.

B. Calculations P ot |

Calculations should be performed. to size the. draifiage:.channels for <each
contributory drainage area. For these areas where a. permanent drainage channel is not. :
needed, the amount of surface-water runoff should be calculated The calculations-that -
should be performed are described below. G T -

« The amount of surface-water runon and runoff should be- calculated for each
contributory drainage area. TR,

o The size of the permanent drainage channel should: be:: calculatcd for -each
contributory drainage area. e
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. The above calculations should be performed using the--design.storm- events
previously identified. Runon/runoff routing and -sediment. basisi-sizing may -be
- evaluated using the procedures described in USDA-SCS-Technical Releases 20 and 55.
[USDA-SCS, 1975, 1986a}; an acceptable tool for performing: these ‘calculation is the
computer program "HydroCADTM = Stormwater.. Modeling ..-System" [Applied
- ‘Microcomputer Systéem, 1993]. The above evaluations ‘should:be:based ‘on information

"+ and guidance contained in USDA-SCS manuals [1985;1986b,1988]..-. - -

In the event that a channel bottom grade is less than 035 percent;-an analysis.should
* be performed to, establish that the channel does not: clog or: bmld up sediment: that wxll-‘
~cause loss of flow capacity in the design storm event. w TR :

. The erosion resistance of the permanent drainage channel at the nonh and east toes
of the OSDF should be evaluated as follows: R :

« obtain the allowable tractive force on the channel vegetation and topsoil using
methods established by Temple et al. [1987], asidescribed in the DOE
- Technical Approach Document [1989] and referencéd-documents;

« establish Athe_ actual tractive force on the channel vegetation and the “effective"
tractive force on the channel topsoil using methods established by Temple et al.
{1987}; as described in the DOE Technical Approach ‘Document [1989] and
referenced documents SRS

“s determine the potential for erosion of the drainage:chanrel by comparing the
allowable tractive force on the topsoil to the effectnve" :actual tractive-force on

the topsoil; and

« evaluate the potential for the riprap portion of the channel lining to erode using
' the Safety Factors Method as described in the DOE: Technical Approach
Document [1989] and referenced documents.
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v 2.8.5 Wastewater Management

Wastewaters that will be encountered in development of. the: OSDE-were identified

. inSection 2.8.1 of this DCP. These wastewaters should-be managed as follows.

Leachate - A

| leaehate—eeﬂee&ea—sys&em—hqurd that has percolated through or been released

- from, the impacted material that has been disposed in the OSDE (functional
. . requirement). Placement of impacted material in-OSDF cells shallwill be:
performed ‘such that runoff from active and open : iportions-of-a cell resulting
from the 25-year, 24-hour storm event can be managed-within the cell (ARAR:
- EPA 40 CFR §258.26 and OAC 3745-27-08(C)(6)(a)). - Leachate. should ‘be
managed as described in Section 2.5 of this DCP.

o Inmpacted Runoff — Precipitation that comes in-contact with impacted material -
and runs off rather than percolating.- Impacted runoff collected in the cell
catchment areas may be conveLed as descnbed in_this- Section. Impacted
material—staging —area d ils—An OMTA will be
‘constructed for the staging of impacted material for subsequent disposal in the

OSDF. To the extent possible, the OMTA should be located-within the former
production area-whenevet—possible. "Runoff from these. areas:should drain to
stormwater control structures within the former production -area storm drainage.
control system (design consideration). Runoff from:any. staging area located
within the OSDF battery limit should also be directed-to ‘the: FEMP former

- production area storm drainage control system if possible, or-to-other on-site: .-

wastewater collection/conveyance points (if necessary) acceptable to DOE and |
OEPA/USEPA (design consideration). Additional discussion of the impacted -
material-stagingarea OMTA is presented in Section:2.11 of this DCP. Runoff
from impacted material aceess-haul roads should be: contained within the.haul |
road boundary and allowed to flow by gravity to the FEMP former production
area storm drainage control system, or to other on-site wastewater
collection/conveyance points (if necessary) accéptable to DOE and
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USEPA/OEPA. Drainage control structure for impacted material haul roads
should be designed for the 25-year, 24-hour storm event. (design consideration).

o Perched: Ground Water - Perched ground water -that' enters. the: OSDF -
excavation should be collected in a toe drain, or ‘other- suitable - sump, and
-pumped ‘to the FEMP former production area storm: drainage -control system -
- '(includin'g pumpage to the impacted-material haul road, where the water will be -
-allowed to flow by gravity to the FEMP former production area storm drainage -
‘control system), or to other on-site wastewater collection/conveyance. points (if -
: neeessary)‘ acceptable to DOE and OEPA/USEPA (design consideration). The
management of perched ground water that enters the borrow: area excavation is

not wastewater; management of this latter runoff is dlscussed in Section 2.10 of
- this DCP. . '

2.8.6 References

'FEMP property data and information required to - design the surface-water
management system should be obtained from the references. cited in Section 1.5 of this
DCP. References from the general technical literature that' may- be used to design these
systems are given below. :

American Concrete Pipe Association, "Concrete Pipe Design Manual" Amencan
_Concrete Pipe Assocnatlon, Arlington, VA, February, 1970. :

Applied- Mlcrocomputer Systems, "HydroCAD™ Stormwater Modelmg System" Version
3.10, Chocorua; NH, 1993.

Chow, V.T., “"Open-Channel Hydraulics", McGraw-Hill, Inc.; 1959. . .

Department of Labor, OSHA Construction Standard, 29 CFR. 1926.106 “Working Over or
Near Water.”

Fernald Environmental Management Project, “Fluor Damel Fernald Scyéty Performance
Requirements Manual”, RM-0021.
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Ohio Department of Natural Resources - Division:of Soil:-and Water Conservation .
(OBNR-DSWCODNR), "Ramwater and Land Development", 2nd Edition, 1996. |

_ Parsons, “2,000-Year Flood and Probable Maximum. Flood-Sitewide Flood Plain
... Determination", CERCLA/RCRA Unit 2, Project Order: 148 Femald Envuonmental
. Management Project, Rev. A, Fairfield, OH, August 1995a.;.. ’

Rlchardson, EV., et al, "Htghways in the River “Environment - Hydraulic and .

" ‘Environmental Deszgn Consrderattons U.S. Department. of - Tidnsportation, Available

- ‘from' Publications Office, Engineering Research Center Colorado State University, Fort
~.Collins; CO, 1975. ST T

'Temple DM Robinson, K.M,, Ahrmg, RM and:Davis,A.G., Stability Design of
Grass-Lined Open Channels", U.S. Department of : Agnculture ‘Agriculture Research-
Service, Agriculture Handbook Number 667, 1987. g

: U.S. Department of Agriculture-Soil Conservation Service- (USDA-SCS), "Computer
. Program for Project Formulation, Hydrology", Technical Release 20 (TR20), U.S.
Department of Agriculture, Soil Conservation Service, Washington, D.C., 1975.

Us. Department of Agriculture-Soil Conservation’ Service :(USDA-SCS), "National
Emergency Handbook, Section 4 - Hydrology", U.S: Deparlment of Agriculture, Soil
Conservation Service, Washington, DC 1985. R

US. Department: of Agriculture-Soil Conservation::Service - (USDA-SCS), "Urban
. Hydrology for Small Watersheds", Technical Release 55 (TRSS), U.S. Department of '
Agriculture, Soil Conservation Service, Washington, D.C., 2nd-Edition, 1986a. :

U.S. Department of Agriculture-Soil Conservation .Service,(USDA-SCS),- Engineering
Field Manual for Conservation Practices, U.S.- Department of Agriculture, Soil
Conservation Service, Washington, D.C., 1986b. :

US. Department of Agriculture-Soil Conservation  Service'.(USDA-SCS), "Water

Management and Sediment Control for Urbanizing: Areas", U.S. Department of
Agriculture, Soil Conservation Service, Washington, D.C.,.1987.
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'US. Department of Agriculture-Soil Conservation Service (USDA-SCS), Ponds -
Planning, Design Construction, Agricultural Handbook Number 590, U S. Department of
Agnculture Soil Conservation Service, Washington, D.C., November 1988.

U.S. Department of Transportation (USDOT), "Hydraulic Design of Highway Culverts",

Hydraulic Design Series No. 5, Federal nghway Admmxstratlon, ‘McLean, VA .
September 1985. -

U.S. Department of Energy (DOE), “Technical Approach Document, Revzszon AT,

- Uranium Mill Tailings Remedial Action Prolect, December:1989: -

29 Sup ort Facilities and Utilities

The function of supdgr ilities is to provic ffid enhance
the performance of, the ONQF dunng constructlon filling; closur find post-closure
care. As identified in Sectlon w111 include survey

ctlon haul ‘roads and leachate
; - include electncxty, water, and
. ed separately in this section for each of -

materials sto_rage areas; access contr¥
transmission system access corridor.
wastewater systems. Design criteria are pre
these elements. | '

The support elements m
that will be performed
support elements fo
developed in. g
codes at the I

Provide adequate andNgliable support for the activities

gfthe OSDF. Utilities must pagvide reliable service to the
ach type of utility. The support elem®gts and utilities should be
anner that is consistent with the requiremeMg of applicable utility
MP and with applicable health and safety requiremeMg
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Section 21 - Introduction

Upderstanding HydroCAD

HydroCAD is & collection of techniques for the generation and rnu.ting nf' hydrographs. it also
provides many other related calculations, such as time of canccntmtu{q, _wenght,ed curve numbers,
pond volumes, stage-discharge curves, etc. This broad range of capabilities allows a large aumber
of studies to be performed entirely within HydroCAD.

HydroCAD is a hydrograph routing model. It is designed specifically to handie time uarying flows,
25 required for pond design and other volur iti 1 ‘_ As such, HydroCAD routes
completely through one node at a time. Only after determining the outflow hydrograph from a
given node does it consider the next node downstream.

Certain calculations, such as channel backwater or pressurized pipe networks, are pormally
analyzed under constant flow conditions. These tasks may be best addressed by s!eadyw‘taw
numerical techniques, and not by a hydrograph routing system such as HydroC_AD. Sfume projects
may require the use of HydroCAD to model the overall drainkage system, combined with n"s:_eady-
state analysis of specific components. This is an un dabl of the
methodologies.

Purpose of this section

This Technical Reference describes the exact calculations performed by HydroCAD. It i§ iqun‘ded
ta provide the engineer with insight into these techniques so that their application am? limitations
can be better understood. This section also provides the information necessary for independent
verification of HydroCAD's results.

Where additional information is needed, the reader is urged to consult one ot‘}he references listed
on page 133. In this manual, specific references are made to the appropriate sources. These
references are in the form {3 p.12], meaning reference number 3, page 12.

This Technical Reference does not contain operating insl.ructio_ns for HydroCAD, or information
on the routing diagram or ather operational features. Far this information, please see the User’s
Guide, which begins on page 41.

1If you want a more general overview of hydralogic techniques, please see the Introduction to
HydroCAD beginning on page 1.
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Section 22 - Determining the Time of Concentration

One of the key elements required for any runoff calculation is the Time of Concentration, or T,.
The T, is commonly defined as the time required for runoff to travel from the most hydrologically
distant point of the watershed to the point of collection.

The time of concentration is commonly determined by summing the travel time (T, for each
consecutive flow segment along the subcatchment’s hydraulic path. This process requires
identification of the type of flow occurring in each t, and application of the appropriate
method for calculating the T,. Although these segments will occur in a given physical order, the
order in which they are used in the program has no effect on the total travel time.

HydroCAD provides a variety of techniques for calculating the T,, plus other procedures (such as
the Curve Number method) which are designed to directly determine the overslt T,. These

P es are d d below. If ¥, the T, or T, may also be determined by other
procedures and entered into HydroCAD directly.

The determination of the time of concentration is one of the most widely discussed areas of
hydrology. The actual method(s) used on any given project depends upon actual site conditions,
regulatory requir , and sound engi ing jud t

Curve Number Method

The Curve Number Method (10 p.15-7] was developed to allow calculation of the overall T, under
a wide range of conditions. The method is designed for areas of 2000 acres or less. The
calculation is quite simple, but requires a proper understanding of the input requirements:

Tc=Time of concentation (hours)
L=Lag time {hours)
I=Hydraulic tength of the watarshed {lael]
Y=Average land slope {perceni]
S=Potential maximum retention (inches]
CN=Weighted Curve Number (See lables on page 137)

Note the use of !.he average land slape, and not the slope of the hydraulic path. Determining this
accurately requires placing a grid over the subcatchment and averaging the slopes for all squares.

Although some care is required o determine this value, the Curve Number method has the
advantage of using a small ber of fairly objective paramet This provides more consistent
restlts than some other approaches.
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TR-55 Sheet Flow Procedure

The TR-55 Sheet Flow procedure (11 p.3-3] is designed for.ﬂov!l over plane surfaces, as usually
occurs in the headwaters of a stream. The following equation is used for sheet flow:

T,=Trave! time [hours)

a=Manning's coefficient for sheel flow {See page 156)
L=Flow length {feet]

P,=2-year, 24-hour rainfall finches] (See map on page 146)
s=Land slope (along tlow path) [fvit]

Determining the actual length of sheet flow is critical to this method. Al'.l\nu_gh the t.echnirque
was intended for lengths up to 300 feet, some agencies now rec v 4 a of 100 e':;
In any case, the length should not extend past the point where there is evidence o.(wncenln ;
flow on the ground. The length is also critical in that Sheet Flow is often a dominant factor in
a subcatchment’s total Te.

Upland Method

ethod (10 p.15-6) is designed for conditions that occur in the headwaters of a
:::eg;l:l;x:dintl(uding :verfand ﬂlow, graszs:d waterways, paved areas, and through small uplanld
gullies. Upland method is applicable to areas_of 2000 acres or less. Althzzugh commoa‘y
published as a chart of velocity vs. slope for various surfaces, upland method is based on the
following equation:

T=Travel time [hours]

L=Flow length fleet]

V=Average velocity {(FPS}
K, =Velocity tactor (See table on page 157)
s=Land slope (along flow path) {it1]

Shallow Concentrated Flow

The TR-55 Shallow Concentrated Flow procedure [11 p.3-3] is of the same mathematical form as
the Upland Method (above). The essential difference is that it utilizes only two surface types,
paved and unpaved. (See page 157 for the corresponding Ky values for these surfaces.} Pue to
the similarity between Upland Method and Shallow Concentrated Flow, Hyz?roCAI? utilizes a
single screen for both methods, and combines the K, values from both methods into a single table.

HydroCAD Technical Reference
Section 23 - SCS Unit Hydrograph Procedure
The USDA Soil Conservation Service® has developed a ber of techniq for analyzing

stormwater runoff. One of the most widely used is the SCS UnitA Hydrograph procedure (ISCSUH).
The SCSUH procedure is a principal P t of SCS Technical Rel 26, y known
as SCS TR-20 12].

i 3 \l i . hough
The SCSUH procedure is the primary runoff technique provtdgd by HydroCAD. AN
HydreCAD does not employ any of the actual code from TR-20, it is based on the same SCSUH
procedure and will produce essentially the same runoff results.

Due to the computational requirements of TR-20, the SCS produced a simplified, deriv.aﬁve tool
in the form of TR-55 {11) Tabular method, The Tabular method is t_iesig.ned to approximate the
results that would be obtained from TR-20, but uses various approimations that cause reduced
accuracy in many situations. Because of this relationship, TR-20 ‘wnll always provide equal or
greater runoff accuracy, and is therefore preferable for most projects that call for the TR-55
Tabular method. (See page 13 for a detailed comparison of these techniques.)

Synthetic Rainfall Distributions

The SCS unit hydrograph BEEE
procedure commonly utilizes a
synthetic rainfall distribution. The
SCS has developed several
standard distributions that cover
the eatire US. These are
commonly expressed as mass
curves, as shown at right and
discussed on page 142.  When
combined with national rainfall
maps (starting on page 146), these
distributions eliminate the need
{or local "IDF* curves as employed
by the Rational method. In fact,
the rainfall distributions contain
the same information in a reduced
form.

‘Precipitotion -

O = NLanourao

©

While the unit hydrograph procedure may initially appear more complex than the Rational
method, it is actually easier to apply with a system such as Hydro_CAD. This is beclu:w the
synthetic rainfall distributions encompass all duration events in a single calculation, while the
Rational method requires a separate calculation for each duration."

stom rainfall distributions may also be used with the unit hydrograph procedure, but l.hi‘s is

arely y. It is not to fuse a local IDF curve with a rainfall dist.ribyuon.

An IDF curve is not only inapplicable to the unit hydrograph procedure, but it usually duplicates
the data already contained in one of the rainfall distributions.

“ Now the Nuural Resources Conservation Service or NRCS.

*! The SCS technique also provides accurate volume information for volumme-sensitive studics such as ponds 1n comparison.,
the Ratioaal method is intended primarily for detcrmining peat flows, and docs not provide accusale volume inforrmation.
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Channel Flow . o
s Ll

] p-3-3] is commonly employed where surveyed cross sections ar

available, or anywhere the velocity can be reasonably determined by Manning’s equation.

The Channel Flow procedure (11

aihar o
T=Travel time fhours}]
L=Flow length [feet]

V=Average velocity [fps)
n=Manning's caefficiert {Ses table on page 153)
s=Channel slope [fH]
r=Hydraulic radius [feet]
a=Cross sectional tiow area [sq-leet}
P_=Woetted perimater {foet]

In addition to allowing direct entry of cross sectional area and wetted perimeter, HydroCAD can
t ically calculate these p:

s for rectangular, vee, trapezoidal, arabolic, and circular
channels. See page 128 for details, ?

Other Tc Procedures

Otl_:er T, procedures can be emplayed by entering the calculated value directly into HydroCAD.
This can be used as the total T, for a subcatchment, or combined with additional flow segments
calculated by other means. One situation that calls for direct T, entry is modeling the "runcff®
on the surface of a pond. This requires the direct entry of a T, of zero.™

™ When csed in combination with 4 Cerve Number of 100, this wil) produce complete, instantancous “runofl.
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Data Requirements for SCSUH Procedure

The following data is required for the SCS unit hydrograph procedure as employed in both TR-20
and HydroCAD. Same of these items are provided for each individual subcatchment, while others
apply to the entire watershed.

The curve number (CN) characterizes the type of soil and grouad cover. A high
CN (such as 98 for pavement) indicates minimum retention, while a low CN (such
as 30 for certain wooded areas) indicates a large retention capability. A detailed
table of curve numbers begins on page 137. See {10] for a detailed explanation of
CN selection. In the case of a subcatchment composed of more than one CN,

HydroCAD calcul a posite CN by the products of each CN
multiplied by its percentage of the total area.

- The total storm rainfall {in inches) is determined for any specific location from
U.S. Weather Bureau maps based on the desired return period (2, 5, 10, 25, 50, or
100 years). This is the total precipitation that will occur during the storm.
Rainfall maps for the United States begin on page 146, and are taken from 1.

The storm type is selected according to the geographic location and any special
project requirements. For each storm, HydroCAD contains a mass curve indicating
how the rainfall will be distributed over the total duration of the storm.

HydroCAD provides an extensive library of rainfall distributions, including the SCS 24-hour type
LIA M1, and UL (See page 142 for details.) The SCS rainfall data is in the form of second-order

fitted equations, which guarantee a smooth runoff hydrograph free of “steps” or other
irregularities.

The actual data for these storms (and others) is contained in the RAINFALL.TXT file which is
instalied with HydroCAD. The file also contains other rainfalt distributions for Florida, Ninois,
ete. Other storms may be added by editing this file. See the instructions in the file for details.

Each storm type includes a default rainfall duration, such as "24-HOUR.® Most
studies utilize this standard duration. If another duration is required, the
duration value may be edited, and HydroCAD rescales the rainfall to match the
desired value. For example, a HUFF 6-HOUR storm (used in Illinois) can be
automatically rescaled to 9 hours by specifying HUFF 9-HOUR. This is most
useful for localized rainfall distributions (such as the llinois Hufl Distributions)
that use the same distribution for many durations.

The upit hydrograph is a dimensionless curve that shows the runoff distribution
resulting from one inch of precipitation excess occurring uniformiy over the
watershed during a specified duration (1 p.47]. HydroCAD provides the standard
SCS unit hydrograph (2 p.240l, plus others, in the UNITHYDR.TXT file
Additional unit hydrographs msy be added by editing this file, See the
instructions in the file for details,
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SCSUH Runeoff Generation

i i lution of the unit hydrograph with the
ff hydrograph is generated by performing a convol ' nit
'21;;:1?::“); asg;e:cribcd in {1 p.47-53) and (10 p.16-2). A brief description of the HydroCAD
implernentation follows:

i i i ipitati infall depth) can be determined
time during the storm, the cumulative precipitation (rain : !
;Bo:lt.i.\:’;»elected rainfall distribution when muitiplied by the total rainfait depth."l'he cumulative
orecipitation excess (runoff) can then be determined by the SCS runoff equation [11 p.2-1] &
1 p.10-51:

Q=Precipitation excass (runotl) [inches)

P=Cumulative precipitation (inches]

SaPotential maximum retention finches]
CN=Curve number

2} The starm is divided into a series of rainfall bursts of duration D=2/15 Te. The precipitation
excess occurring during any interval D at time t can be calculated by:

3) For each burst, the unit
hydrograph defines how
this volume of punoff will
occur over time. The
volume of the unit
hydrograph is given by dQ
(above). The duration of
the unit hydrograph is
related to Tc and D as
shown. The result is that
the dimensionless unit
hydrograph has been
dimensioned.

4) The runoff from the
entire storm is determined
by summing the
hydrographs resulting from
each rainfall burst.

) o nd o e Lesrd e el mear s
39 2 IemF )

Section 24 - Santa Barbara Urban Hydrograph

Santa Barbara Urban Hydrograph method (SBUH) was developed by the Santa Barbara
’(?;:nty (California) Flood Couh’vl‘:‘:da Water Conservation Distric}. The SBU.H method has many
similarities to the SCS Unit Hydrograph procedure discussed in the previous chu'pte.n _Bov.h
techniques employ the same SCS curve numbers, runoff equation, and rainfall dn_stnbuuons.
However, the SBUH method does not utilize a unit hydrograph or the oonvoluuorx process.
Instead, an instantaneous hydrograph is geperated and then routed th.rough an imaginary
reservoir with a time delsy equal to the subeatch t's time of ration.

This calculation is
relatively simple io
comparison to the SCSUH
procedure, and takes less
time to perform. While the
availability of the SCSUH
procedure might appear to
eliminate the need for the
SBUH method, some
localities prefer the SBUH
method for specific
situations,

Runoff Calculations

There are two distinct
steps involved in
generating a runofl hydrograph by the SBUH method:

1) Compute the instantaneous hydrograph: The storm is divided into equal ti'mc
increments (dt). Ateach increment, the SCS Runoff Equation (see page 107) is used to determine
the precipitation excess. The difference bet the ive values r ep the
instantaneous runoff at that point in time. A typical instantaneous hydrograph is represented
by the dashed line in the above graph.

2) Compute the runoff hydrograph: The runoff hydrograph is abtained by routing 'thc
instantaneous hydrograph through an imaginary reservoir with a time delay equal to l.l::e time
of concentration. The following equation is used to estimate the routed flow at each point in time:

A T 600057

{=lnstantaneous runoff al time t (CFS]
O=C. ion time [ ]
T.=Time of concentration [minutes]
wcRouting Coetficient

A typical runofl hydrograph is shown by a solid line in the graph sbove. Note the delay and
reduction in the peak caused by the routing procedure.
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SCSUH Runoff Considerations L

ey KR
LI S
1) The runoff hydrograph consists of a series of ordinates (CFS flows) at evenly spaced interva
“dt." EBach ordinate specifies the average flow during the interval. As a result, if a narrow pea
occurred within one interval, the hydrograph would indicate an average flow that might t
significantly less than the instantaneous peak. This is likely to occur when T, is less than 2d
so HydroCAD displays an informative warning in these cases.

When you encounter this situation, keep in mind that the instantanegus peak can exceed th
average for a time no longer than dt, which is commonly 6 minutes. In practice, such a shot
instantaneous peak is usually attenuated to the average value by the storage characteristics ¢
the first reach or pond. However, if a true instantaneous peak is required, the runoffinterval (dt
may be reduced to approximately one-half the T..

2) TR-20 has oo inherent limitations on the time of concentration. As T, approaches 0, the runot
curve approaches the precipitation excess curve, which is the expected liniting case.® Similarly
for a very large T,, the entire storm becomes a single rainfall “burst® and the runoff approache:
the shape of the unit hydrograph.

3) When making comparisons to TR-§5, note that the TR-55 tables were produced for a curve
number of 75 and require a precipitation excess of at least 1.5 inches. As conditions deviate from
these, an increasing difference of up to 25% can be expected.

4) Runoff hydrograpbs are generated for a specified time span, with a default setting of 10.20
hours. You must easure that this span is suitable for the purposes of your analysis and the
rainfall type being used. If you are primarily concerned with peak flows, you can reduce
calculation time by using a shorter time span. However, for ponds and other volume-sensitive
studies, make sure the time span begins at or before the earliest runoff, or this early volume
won't be included in your calculations. HydroCAD will generate an sutomatic warning message
if the span is not adequate to include the earliest inflow into & pond. Also keep in mind that the
velumes displayed by HydroCAD include only the specified time span. By increasing the ending
time to 25 hours or so, you'll get a complete picture of the storm. (See page 87 for a further
discussion of dt and time span selection.)

§) As asafeguard, HydroCAD performs an automatic check of runoff peaks in relation to the time
span. A warning ge is displayed if the calculated time of the peak doesn't fall within the
middle 90% of the time span. If this warning appears, you should examine the hydrograph and
adjust the time span accordingly ¢

¢ Although HydroCAD applies a number of tests to check the accuracy of your
model, a visual examination of alt hydrographs is highly recommended. This will
help to detect erroneous input data and ensure meaningful results.

“Vif Gesired, the HydroCAD runoff procedure is specialty designed t© penmit 2 Te of zero. This can be used 16 model the
instantuneous “rinofl™ from nain fatling on the surface of a pand.

“ This test is for the peak only. 41 the entire volume is cequired. you must sill determing if the span is suffcient.
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Section 25 - Rational Method

The Rational method or Modified Rational method may be used to generate runoff hydrographs.
However, since Rational method was developed primarily for predicting peak flow, its use is not
advised for volume-sensitive routing calculations. The Rational method predicts the peak runofl
according to the formula:

Q=Peak Runotf [CFS)
C=Runoff Coefficient

i=Raintall intensity (inhr}
A=Area facres)

In order to generate a complete hydrograph (as required by HydroCAD), it is assumed that the
runoff begins at the start of the storm and increases tinearly to the peak value at time T,. The
peak runoff is sustained until the storm duration (D) has elapsed, and then decreases linearly to

zero over the interval. When using the Modified Rational method, the flow decreases at half the
rate, over the interval 2T,.

The runofl always begins at the
starting time given in the Calcutate
screen. This may be any value,
although 0 hours is traditionally
used.

1f C is not specified, a warning
message is issued and the
approximation C=CN/100 is used.
This estimate is implemented only
for the purpese of performing a
preliminary analysis and must be
verified Lo produce reliable results.

The user must chose the critical
duration (and the corresponding
intensity) that results in the maximum combined runoff at each point of study. Depending on the
specific watershed, this may occur at any duration between the shortest and longest T,. As the
study progresses downstream, the critical duration generally increases, but some trial and error
is required for an accurate determination. Note that as the duration is changed, all upstream
subcatchments are properly recalculated for the new value. This is the correct procedure for
applying the Rational method, despite frequent misuse of the method in which these values are
held constant.

Since a hydrograph produced by the Ratianal method does not refiect the total storm runoff ar
the variation.in intensity, it is not recommended for the design and analysis of dctention ponds.
It is strongly advised that the SCSUH or SBUH runoff methodology be used when pond routing
caleulations will be performed.




Section 26 - Reach Routing Calculations

i 7 h routing for an open chanael or & pipe
A reach is used to perform an independent hydrugrag n
flowing under open-channel conditions. A chaaoel or pipe can altem.ar.nely be modeled as a flow
t within a subcatch t. where its travel time will contribute to the Tc. The late:r
approach is usually simpler, and may even be necessary in the case of a subca_u:h_ment l'h?ll is
draining along the entire length of the reach. However, for.a long‘ reach vqth a significant inflow
at one end, & separate reach routing may be called for. This section details the procedures used
to perform an independent reach routing.

lae Routing Curves '
i i i : the end-area vs. depth,
h routing requires that the reach first be characwlj zed by t'wo curves. 2
E:;cc_he discharge vs. depth (stage-discharge). This information may be determined by one of
three procedures:
1) The user may directly specify the end-area and discharge at up te 15 different depths.

2) The user may enter the wetted perimeter (instead of the discharge), and Manning’s equation
is used to determine the discharge as follows: (3 p.77]

V=Average velocity of flow {leet/sec)
R=Hydrautic radius [feet]

A=Area of flow [sq-feet]
P=Watted perimeter [fael]
Q=Flow [CFS]

i i ircular pipe), the user
3) For certain standard shapes (rectangular, vee, trapezoidal chaqnel, or a cireul !
may provide the appropriate dimensions, and HydroCAD determines the er}d area and discharge
curves. These are determined according to the area and perimeter equations on page 128 and
Mananing’s equation, above.
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Effects of Reach Routing

A reach will normally attenuate and delay the hydrograph that is routed througp it. The extent
of this transformation depends on many factors, including the reach dimgn;wns. slope, and
Manning’s umber. Short reaches (up to several hundred feet) often have a minimal effect on the
routed hydrograph. For this
reason they are frequently
modeled as a flow segment within
a subcatchment. This is the only
option for some methods such as
TR-55, which includes no reach
routing procedures at all.

On the other hand, for long
seaches with large cross.sections,
low slopes and/or high Manning’s
aumbers, the routing effect can be
significant. The graph at right
shows the effects of storage-
indication routing through a 5500
foot long channel.  Significant
attentuation may also occur on
shorter reaches if the inflow peak
is of short duration.

Allowing for Travel Time

The storege-indication method, as described above, accounts Iinr un\y. the storage effects of the
reach. Other techniques must be used to account for the kinematic effects of long reaches.
HydroCAD provides the option of
adding a time lag or translation to
the normal storage-indication
routing. Setting the reach routing
method to “STOR-IND+TRANS”
causes the storage-routed
hydrograph to be ({urther
translated by the travel time. (See
page 127 for the determination of
travel time.) A close examination
of the example at right will reveal
that the peak discharge no longer
rresponds to a point on the.
Jow curve, but is translated by
& prescribed amount.
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Reach Routing Limitatioas N
Since the stage-discharge relationship is based solely on Manning’s equation, it does nof consid
inlet conditions. [t assumes that the Manning’s flow, and not the inlet, is the controlling facte
Similarty, all automatic pipe sizing is based on Manaing’s equation alone. Ifa complete analys
is desired for a pipe reach, including entrance losses, the reach should be modeled as a pond wil
a culvert outlet. )

Reach Routing Calculations

The storage-indication method is the basic reach routing technique provided by HydroCAl
and is identified as *STOR-IND* in the program. This standard procedure is well described i
{1 p.64-65] and will not be repeated here. Additional operations are performed by HydroCAD s
follows:

1) Before routing, any base flow is added to the inflow hydrograph and any inflow loss i
subtracted.

2) If a pipe is being resized, its diameter is calculated with Manning’s equation based on the pea
inflow.

3) The stage-storage curve is obtained by multiplying the end area vs. depth curve by the lengtl
of the reach.

4) If the range of the storage and discharge curves is ded, HydroCAD extrapol from the
last two points on each curve. Since extrapolating from the curves is not the same as extending
the physical sides of the reach, a warning message is issued. To obtain an accurate routing you
must provide storage and discharge data for higher stages.

5) If the peak inflow exceeds the Manning’s normal flow capacity of the reach, a warning is
issued. Depending on the design criteria, this may be an acceptable condition. A reach can.
handle more than its normal flow capacity when the flow is not normal, such as on the rising limb
of a storm hydrograph. However, if such flow persists, the reach will fill with water, causing one*
of the following conditions.

6a) If an open channel fills with water (as defined by the fiood elevation), a warning message is
issued. The routing continues using the extrapolated curves if required.

6b) If a pipe fills with water, the excess is detained without head so that open-channel conditions .
can be maintained. A warning message is issued and the detained water is routed when the pipe
is no longer full. For an accurate routing, you should model the pipe as a pond with a culvert
outlet, as described in the next section.

7) Routing is performed over the time span of the inflow hydrograph(s). The span should include
the earliest inflow in order for an accurate routing to be perforrned. Routing is pormally
performed using the time interval (dt) of the inflow hydrograph. A finer interval may be specified
for each reach, if needed, to improve tracking or eliminate outflow oscillations.

1n2
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Section 27 - Hydraulics Calculations

This section details the hydraulic calculations used within HydroCAD. These equations are used
to determine the discharge resulting from a given head applied to each device. They are used
primarily in determining the stage-discharge curve(s) for a pond. All equations determine the
discharge, Q, in CFS.

Sharp-Crested Rectangular Weir

The basic equation for a sharpcrested weir is derived in [7 p.362]. The discharge coefficient
varies slightly based on the crest height and the resulting turbulence. The effective length of the
weir is adjusted to allow for end contcactions.

L=Crost length [fost]

L =Efiective crast kength (reduced for end contractions)
P=Crest height [feet above approach channal]
n=Number of end contractions (0. 1, or 2)

H=Haad {feet above invert alevation)

Broad-Crested Rectangular Weir

Abroad-crested rectangular weir differs from a sharp-crested weir in that the discharge coeflicient

may vary significantly with head. (See (6 p.274}.) This allows the modeling of a wide range of
real-world weirs,

C=English discharge coaefficient
L=Crast length [feet]
Hz=Head {tesl above invert elavation]

C varies with H depending on the shape of the weir.” For the weir under consideration, C must
be specified at one or more of the following heads: 5,1, 1.5,2,2.5,3, 4, § feet. For intermediate
heads, HydroCAD interpolates linearly between the values given. For heads below or above the
given range, HydroCAD uses the first or last coefficient witheut extrapolation,

Metric discharge coefficients for various weirs are given on page 154, which is reprinted from (6
p-276]. Coefficients are listed only at the heads where s particular weir was studied. When using
these coefficients in HydroCAD, you must specify a discharge multiplier of 1.81 to convert to
English units.




V-Notch Weir

The basie equation for a v-potch weir is taken from (5 p.5-15.

C=English weir coafficient
a=Notch angle (between two sides, not from verticaf)
H=Head (feet abova inved elevation}

C may be eatered directly, or determined by HydroCAD according to the equation:

Trapezoidal Weir

The trapezoidal weir equation is a more general form of the v-notch weir. Sgtting the crest Ie[:gth
to zerv yields the previous equation for a v-notch weir. C may be entered directly, or determined
by Eq. 20 above. .

C=English weir coefficiont
8=Notch angle (betwaen two sides, not from vertical)

H=Head {feat above inven elavation]
H,=Head above imaginary apex of notch
L=Horizontal crest length (feet)
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Circular Orifice/Grate

The discharge for a circular orifice is derived in 5 p.4-3).

C=Discharge coefficient (Defautt is .60}
a=Submerged area (sq-fest]
g=Gravilational constant

h=Head above center ot ofilice jleot} given by:

H=Head abave invert {teet]
r=Radius

When partially submerged, the head adjustment closely approximates the weir discharge of an
orifice. It also provides continuity between the fully and partially submerged conditions. For
critical situations, the resulting discharge curve should be verified by independent means.

These equations are for a (default) orifice opening in & vertical plane (i.e., discharging
horizontally). For an orifice in a horizontal plane, the above equation is used without adjustment
of the head.

A horizontal grate consisting of identical circular openings can also be modeled with this equation.
The orifice di i are specified for each opening, and the discharge multiplier is used to
specify the ber of openi (This technique may not be appropriate for vertical grates, since
the openings are at different elevations and therefore not identical))

Orifices Under Low-head Conditions

The above arifice equations are generally valid for all openings in a vertical plane. Under low-
head (partially submerged) conditions, these equations reduce to the appropriate weir equation.
For orifice openings in a horizonta! plane, the equations,assume that the head is large in relation
to the orifice size. This can lead to overestimating the discharge under law-head conditions. To
ensure correct flow under all conditions, discharge can be limited to that predicted by the weir
equation:

' ; %
L=Crest fength (orifice perimeter) [feet] O 0 O O 59

H=Head [feet above invert alevation)

This will cause the weir equation to control at low heads, without effecting the high-head
discharge predicted by the orifice equation. The result is useful for a range of real-world
“orifices,” such as the top of a standpipe.
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Rectangular Orifice/Grate 4 O 1 4

The discharge equation for a rectangular orifice under any head condition is derived from U
discharge through a thin herizontal strip: (S p.4-3}

C=Discharge coefficient (Default is .60)
L=Surip tength (width of orifice) [feet]
g=Gravitationa! constant

Y=Head over center of strip (feet]
dY=Height of horizontat strip

Integrating over the height of the orifice yieids
’ IS URY

H=Head above invert elavation {feat]
M=Haight of orifice [feet]

When the orifice is partiatty submerged (H<M) the term {H-M] becomes
zero and lhi} reduces to the w:

'I'_he:se equations are for 2 (default) orifice opening in a vertical plane (i.e., discharging
h?r';lzo:}x:aalldy). For an orifice in a Aorizontal plane, the abave equation is used without adjustmen’
0! e head.

A.gmuf:onsis}h\gof" ical rectangular openings can also be modeled with this equation. The
orifice d are specified for each opening, and the discharge muitiplier is used to specify
the‘number of openings. (This technique may not be appropriate for vertical grates with
horizontal openings, since the openings are at different elevations and therefore not identical.)

116

HydroCAD Technical Reference

Culvert Flow

W}\en'e.valualing a culvert, HydroCAD checks muitiple flow conditions in order to determine the
prevailing control at each elevation. This is based on six types of culvert flow identified ia
{9 p.E-1,7} and characterized as follows (also see [8 p-21-18,19]):

Taitwater Type of
Type lnlst___Qutiet Slope _Fiow Type __ Dependent?__Conirof

fa SUB. SuB. ANY  PIPE YES OUTLET

16 SUB. FREE MILD PIPE NO OUTLET

¢ SUB. FREE ANY  CHANNEL NO INLET (oriflice)
2a FREE TW>Yc MILD CHANNEL YES OUTLET

2b  FREE TW<Ye MILD CHANNEL NO OUTLET

2c  FREE TWcYec  STEEP CHANNEL NO INLET (weir)

5UB. =Subrmerged, TWaTsiwater, Ye=Critical Dopth

For type 1b, assuming that the culvert is full along its entire length [9 p.D-lli:

V=Average velocity of flow [f/sec]
H=Head in {feet above inlet invert elavation]
D=Depth of tiow {teal} (=culvert haight)
S=Slope [rise/run]

.(L=EL_engm {teat]

energy loss coefficient (See table on page 155)
g=Gravitationaf constant
n=Manning’s number (See table on page 152)
RA=Hydraulic radius (teet]
A=Crass-seclional area [sq-feat]

Type 2b discharge is the same as type 1b except that the depth (D) is less than the culvert
height. Under these conditions, open channel flow exists and backwater calculations must be

performed to precisely determine the depth. To reduce calculation time, the depth is
approximated by:

Rather Lha{\ directly determining whether type 1bor 2b flow exists, HydroCAD simply uses the
lcsse'r.o( th:s_deplh and the culvert height. This also ensures continuity between the two low
conditions, with the ¢ross over occurring when the head is 473 of the culvert height.




Types |8 sad 2a are similar to types 1b and 2b, except for the tailwater d_ependency. This is
accommodated by substituting the tailwater depth for D in the above equation.

Types 1c and 2c operate under inlet control, and the discharge is determined with the orifice
equatians given previously. The orifice discharge coefficient is given by:

’ Ce=Contraction coetficiant (dsfauh is .90}

Note that for Ke=.5 this yiglds Cd=.6, which is the default discharge
coefficient lor a sharp-edged orifico.

The .ﬁna] determination of culvert discharge is wade by caleulating the type la/2a, 16/2b and
1¢/2¢ flows as described above. The least of these values (a, b, and ¢} is thea used as the fina)
discharge for a given head.

NOTE: The approximations used for culvert discharge have generally been found to provide
sufficient accuracy for most hydrograph routing purposes. However, it is strongly recommended
that the resulting stage-discharge curve be verified using independent C\flvert data. lfA a
significant discrepancy is found, the desired dischugg data should be entered directly as a Special
Qutlet instead of using the built-in culvert equations.

Special Outlet Device

The special outlet device is designed to handle unusual stage-discharge mlationship§ that can't
be reproduced with standard devices. With HydroCAD's ability to model complex sene§-parallel
devices (sce page 123), there should be very few situations which actually require a special outlet.

A special outlet consists of user-defined stage-discharge curve. The ﬁmt di.scharge value must
always be zero CFS and may occur at any desired elevation. Additional discharge values.ue
specified at higher elevations as required to adequately represent the true shape of the dgued
curve. When choosing the elevations, keep in mind that HydroCAD ?erfom\s a linear
interpolation to determine the discharge at any required intermediate elevations.
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Using a prec rate

A measured perc rate can be converted to an equivalent exﬁ\t_raLiAon \ze\f)ci'.y by the fa\low‘!ng
equation. However, other factors must be considered to determine if this is a reasonable design
value for a proposed exfiltration area. (Far example, can a large pond be expected to perc at the
same rate as a small test pit?)

v=Exfiltration velocity (FPM)
P=Perc Rate [Minutes per Inch)

Tips for using exfiltration

Setting the invert elevation

The invert elevation is intended to lude the impervious lower elevations of the pmjd.
Exfiltration will accur anly when the water surface exceeds this level. When using the V'e\oc.lly
method, exfiltration will apply anly to any additional area lying aboue the invert. Tl?is distn{lctnan
is particularly important in the case of (lat bottomed ponds, such as drywells. With the invert
at this lowest level, any bottom area will be excluded from exfiltration. If you want to allow
exfiltration through a flat bottom by the velocity method, you must set the exfiltration invert to
zero.

Using surface area vs. wetted area ) )
By basing exfiltration on surface area, you are stating that all flow will essentislly be dowaward.

Only horizontal areas (above the invert) are available for exfiltration. All vertical areas are
excluded.

If you wish to include vertical surfaces, such as the sides of a drywell, then you may want to
specify wetted area. As always, it is your responsibility to ensure that this computation is
applicable to your particular situation.

Advanced techniques o
While most cases will require just a single exfiltration device, it is also possible to use several

exfiltration devices on 8 single pond. This could be used to model multi-stage exfiltration
schemes, such as a drywell that overflows into a perforated pipe.

As with all pond designs, you should view and understand the stage-discharge plot to make sure
the pond is exhibiting the behavior you expect. Do not rely solely on a review of the hydrograph
~here the pond’s behavior is interiwined with the complexities of the inflow hydrograph.
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50, o
Since exfiltration is incorporated into a pond's stage-discharge curve, it is classified as an “outlet
device.” Exfiltration is also distinct from an “inflow loss,” in that it continues to occur even wher.
there is no inflow,

7
Exfiltration Calculations !

To separate exfiitration from other "true® outflows, it is usually directed to a “secondary outflow®
to prevent further routing. Although there are few standards as to how to determine exfiltration,
HydroCAD provides two basic procedures that can be used to implement a wide range of design
methods:

1) A constant exfiltration rate Q may be specified in CFS. This value is applied at all stage-
discharge i above the specified invert elevation. Zero exfiltration is used for all stage~
discharge increments at or below the invert elevation. A coastant exfiltration may alse be used
to model & pump or other "outlet” that “turns on” at a given elevation.

The invert elevation is commonly set Lo the bottom of the pond. This yields zero exfiltration when
the pond is empty, increasing to the specified rate at the first stage-discharge increment. A
higher invert may be specified if lower levels of the pond are impervious and have no exfiltration.

2) An exfiltration velocity V may be specified in FPM. This is multiplied by the available
exfiltration area at a given elevation to determine the exfiltration rate in CFS.

Q,=Exfiftration at elevation Y {CFS]
V=Exfitiration velocity (FPM]
A=Exfiltration area al elovation Y [SF]
A,..~Exfiltration area at invert elevation [SF]

The exfiltration area may be defined in two ways: A) if all exfiltration is asswmed to be
downward {(none through the sides of the pond), you may use the pond’s surface ares; B) if

exfiltration occurs through all exposed surfaces regardless of slope, you may use the pond’s wetted
area.

In either case, the availoble area is the additional exfiltration area lying above the invert

elevation. No exfiltration will occur through the portion of the pond that les st or below the
invert elevation. To allow exfiltration through the bottom of the pond, set the invert elevation
to zero.

For shallow ponds, the surface area and wetted area are almost identical, so the surface area

method is recommended. Only for drywells and other ponds with significant side-areas is the
wetted area method needed. (See page 131 for details on wetted area calculations.)
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Section 28 - Pond Routing Calculations

Before routing through any pond, the storage vs. elevation (stage-storage) and the discharge vs.
elevation (stage-discharge) must be determined.

Stage-Storage Calculations

The cumulative stage-storage curve may be entered directly, or HydroCAD can sum incremental
values to determine the cumulative storage. A third option is Lo enter surface areas at certain
elevations and have HydroCAD ealculate the storage. (These calculations are detailed on

-page 130.) In any case, a minimum of two storage points are required to permit interpolation for

intermediate elevations. You should use as many points as necessary to accurately represent the
true stage-storage curve for the pond. If the available storage space is less than 100%, or several
identical ponds are being modeled, the stage-storage curve is adjusted by these factors.

Stage-Discharge Calculations

The stage-discharge curve is aut ically iled based on the sel d outlet devices. Each
device is evaluated using the equations in the previous section. Each outlet also has a “discharge
multiplier" which may be used for adjusting the normal rating curve or haadling several identical
devices. A factor may also be applied when modeling several identical ponds in a single
calculation.

The individual outlet devices are
combined into ooe or two stage-
discharge- curves based on the
specified device routing. In the default e
configuration, all outlets are routed
directly to the primary outflow, as
shown in the sample stage-discharge
curve at right. They are considered to
be independent, parallel outlets whose
flows are additive. To calculate the
composite stage-discharge curve,
HydroCAD evaluates up to 101
uniformly spaced elevations that are a
multiple of 1/10 foot apart.
{HydroCAD automatically chooses the
interval and number of steps to cover
the range of the stage-storage curve.) The total discharge at each elevation is determined by
2dding the discharge from each individual device.

POND 3 DISCHARGE
SOUTH WETLAND RREA -

ELEVATION (f1)
2
H

DISCHARGE. .¢

1 any devices are routed o a secondary outflow, two separate stage-discharge curves are compiled
using the same basic procedure. Each device is included in the stage-discharge curve to which -
it is routed. To perform the actual pond reuting, a fotal discharge curve is obtained by adding the
two curves. When routing is complete, the 1otal outflow hydrograph is split into primary and
sccondary outflows based on the ratio of the two stage-discharge curves. This produces an
automatic split-flow, or “diversion” This is most commonly used when one or more outlets
require separate routing, such as an emergency spillway or an exfiltration outflow.




Compound Qutlet Devices

More commplex outlets cao be modeled by placing standard devicv.As in series. An oriﬁce.‘(or
example, could be routed through a culvert. To calc'.'\lale the discharge at each e!evalmn,
HydroCAD evaluates the standard flow through eaAch dev-ce,'and uses the |ower_ (conlrolhr.\gl flow
to build the stage-discharge curve. By making this comparison at each elevation step, different
devices may contro! the outflow at different pond stages.

“wen more complex outlets can be
deled by utilizing simultaneous
ies/parallel device combinations. A

staadpipe is a common example of 2

compound outlet device. This could be . . . . e

modeled by a combination of standard devices as shown in the schematic representation at right.

i : i i iz ifice representing the flow into the top of
Reading from the bottom up: Device 3 is a horizontal orifice s ! .
'.hee nlsegr Device 2 is used % model one or more openings in the side of L!\e riser. Devices 2 and
3 are summed together, and routed through the final cutlet culvert, device 1.

This graph shows a typical stage-
discharge curve for 2 pond with a
compound outlet. A culvert is
positioned with the inlet invert at
50 feet; however, no discharge
occurs until the water level
reaches an anifice 50.5 (eet. (This
exarople might represent an orifice
plate used to reduce the flow
through an existing culvert))
Above 50.5 feet, both devices are
evaluated to determine which will
control at each elevation. The
resulting curve is labeled "pri® for
primary.

This example also includes a . X i
broad-crested weir which is directed to the secondary discharge. 'lthns rmghf represent an
emergency spillway that is being routed separately from the culvert/orifice combination.

When describing compound outlet devices, it is generally easiest tn start v_vith the final device
(such as the culvert shown above) that contributes directly to the primary dxschargg. Then work
up from the final device, entering each device that limits flow or contributes to the discharge. The
process is then repeated for any secondary discharge.

“ This procedure uses the standard hydsatic equations as described inthe previous section, and does not cansider the passible

influence of oae device on another, cacept 1o limit the flow to the kesser of the two. Like all complex caleulations, it i imporant

10 verify thes 1wl by indepeodent means 1o ensure they are sufliciendy accurate for yous purpases.
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Section 29 - Measuring Water Quality

Whereas stormwater management has traditionally been concerned w_ni&h managing st_ormw._:ler
quantity, new regulations in many areas also require the consideration of water quallly: Since
these requirements vary widely, it is difficult for a general stormwater program to provnde' the
precise information requested in every case. Nevertheless, there are a nur'nber of calculations
performed by HydroCAD that can be used to obtaia the information required for most water
quality studies.

Detention Time

Many projects must pow meet specific requirements for detention time. These requirements are
sometimes expressed in terms such as “detain the ten-year storm for 24 hoiuts.' Unfortunately,
these definitions are sometimes vague and therefore difficult to interpret or implement. Evgn the
intent can be unclear. For example, is a given rule an attempt to address water quality or
quantity?

When addressing water qualify, one of the more useful and o§jective meastures m the average
detention time. This is a measure of how long water is detained in a pond or other |mpoum:‘lme_m,
and can be used to determine the time available for removal of sedimenl.i or the neutralization
of runoff contaminants. (See [14 p.257) for a further discussion of detention time.)

The tenter of mass method is one of the most basic methods of calcu]azing detention time. It
evaluates the difference in time between the czntgr-ofimas;' o_f lhe. inflow and outflow
hydrographs, One of the chief advantages of this techaique is that it |s_casﬂy caleulated, and can
even be estimated graphically. However, the lechnique does not consxdgr thf. ac’:unl mavement
of water through the pond, and caa fail to give 2 good measure of detention tirme in a number of
situations.

The plug flow method provides a more physically meaningful measure of the average detention
time. This technique divides the inflow hydrograph into a nurnber of “plugs® of equal volume, and
then calculates the time between each plug entering and leaving the p_ond.' ‘The average time for
all plugs is then calculated and used as an overall measure of detention time.

HydroCAD etmploys the plug (low method o deterinine the average detention lilr}e for each
pond.* The theoretical detention time is calculated by assuming that water initially in the portd
is allowed to discharge before the first plug from the inflow is allowed Lo discharge. This “first-in
first-out” ption will yield a i detention time, and means that the amount 9fwzter
initially in the pond will effect the calculated result. (Sin.ce a!l water in the pond‘ is dnspla_ced
before any of the inflow starts ta discharge, the detention time is increased by the time required
to flush the initial volume.}

+y water retained in the pond, or discharging after the specified time span, is excluded from the

«ulation. To obtain an accurate measure of detention time, it is therefore important o usea
ume span that allows the pond Lo discharge fully. This can be determined by comparing the
volume of inflow and outftow. These should be roughly the same (unle.ss the pond was surcharg_ed
or water was retained). Also compare the volume of flow included in the plug flow ca!culumn
{this is shown to the right of the detention time). For accurate (maximum) results, this should
be close to the valume of the qutflow hydrograph.

“ Note thx the plug flow method is aov & routing method. 10 i3 vied after the hydrograph rovting hus bocn performed.

Pond Routing Procedur — ; e
g Pr € = !/ k‘.)‘_s

After the storage and discharge curves have been determined, the storage-indication metho
is used for routing the inflow hydrograph through the pond.® This procedure is well describe
in (1 p.64-65) and will not be repeated here. Additicnal operations are performed by HydroCA
as follows: '

1) Before routing begins. any base flow is added to the inflow hydrograph and any inflow Joss i
subtracted. If "automatic base flow" is selected, the base flow is set to the pond’s discharge at th
specified starting elevation. This places the pond in an equilibrium condition (stable wate
surface elevation) when routing begins. (To route a pond with no inflow, you must provide a zerc
flow hydrograph to establish the desired time span and routing interval. This is most easil
generated using a subcatchment with a very small area and low curve number.)

2} 1€ a starting elevation is specified, routing begins with the water at this level. If this is abow:
the lowest outlet device, the pond begins discharging immediately, possibly before any inflow ha
occurred. If the starting elevation is below the towest device, no outflow occurs uptil this leve
is attained. (The outflow volume will also be reduced by the amount of storage below this level.

3) Routing is performed over
the time span of the inflow
hydrograph(s). The span must
include the earliest inflow in
order for an accurate routing
to be performed. Routing is
normally performed using the
time interval (dt) of the inflow
hydrograph, although a finer
interval may be specified for
each pond to provide improved
tracking. The normal dt is
divided by the.specified finer
routing value. Finer routing
{usually 2) can also be used to
eliminate any oscillations in
the pond’s outflow.

4) If the range of the storage or discharge curves is exceeded, HydroCAD extrapolates from the
last two points on each curve and issues a warning message.

8) If the peak elevation exceeds the specified flood elevation, a warning message is issued and
routing will continue.

When using the storage-indication method, keep in mind that a 2ero velocity is assumed in the
pond. This is an accurate assumption for most ponds where the storage volume is large ia
comparison to the inflow. However, if the velocity approaching the outlet device(s} is significant,
then this method may underestimate the discharge and ocuverestimate the peak elevation and
storage of the pond.

«

A signi fearure of the ge-indication method ix that the stage-discharge curve mot be static for the duration 0} the
routing. This means thas all outlet characteristics, including 0y Gilwaler. cannot change during this period.
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Section 30 - Link Calculations

The link is used to introduce an external hydrograph into the HydroCAD routing diagram. It may
also be used to apply a flow threshold and/or scate factor 2s described below. The input
bydrograph for a link may be supplied in one of three ways:

An sutomatic link imports a hydrograph directly from a node in another HydroCAD project.
The outflow of the specified node is used as the inflow to the link. This capability is commonly
used to interconnect portions of a project which have been divided into two or more separate
diagrams. (See page 84 details.)

A manual link is used to manually enter an arbitrary hydrograph. The hydrograph is defined
by its starting time (T,), interval between points (dy), and up to 101 ordinates in CFS.

An import link is used to read a hydrograph from an ASCH text file, The file contains the same
basic information as a manual link, but in a more flexible format. Hydrographs of up to 501
points can be imported. If more ordinates are provided, adjacent points are automatically
averaged to reduce the number within this limit. For details on the required file structure, see
the sample file LINKTEST.TXT which is installed with HydroCAD.

A link may also specify a flow threshold and/or scale factor. Ifa threshold is specified, only the
portion of the hydrograph above {or below) the threshold is retained. The hydrograph is thea
Itiplied by the ified px ge seale factor to produce the final outfiow.

The time scale of a link can also be adjusted. This allows an imported hydrograph to be scaled
to a different duration, making it possible to utilize di ionless hydrographs, as used for runoff

studies in Ohio. (A link file containing the Ohio dimensionless hydrograph is included in the file
OHHYDRO1.TXT.)

The results of a link threshold and/or scaling are readily apparent when you draw the
hydrograph. This shows the original “inflow* curve and the scaled “outflow* curve together.

Note Fhat the lime'span and interval of a manual link or import link are determined by the data
supplied to the link, and is independent of the time span and interval used for runoff

hydrographs. Ifa matching time span and/or interval is desired, the link data and runoff settings
must be coordinated.
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Section 31 - Additional Hydrograph Calculations

This section explains the procedures used to calculate certain values appearing on HydroCAD
reparts. 5

The peak flow for' each hydrograph is calculated using the three highest points on the

hydrograph.”” A parabola is fitted to these points and the apex of the parabala specifies the true

peak. This eliminates variations in the peak that would occur if only a single point were

-onsidered. This improvement in accuracy is most pronounced with a narrow peak, where the
o closest points fall on either side of the peak and may be several percent below the actual
ak,

The peak attenuation indicates the percentage reduction in peak inflow caused by a routing
operation. This is determined by comparing the peak of the inflow and outflow hydrographs as
calculated above.

The time of peak is determined by the same parabolic fit to the three highest points. The apex
of the parabola establishes a time of peak with far greater resolution than the time between
points. Like the peak flow, this value is not affected by the placement of the points on the “true®
curve.

The time Iag caused by a reach or pond is the difference between the time of peak obtained from
the inflow and outflow hydrographs. (This is distinct from the travel time, described below.)

The hydrograph volume is determined by integrating the flow over the time span of the
hydrograph. Since the volume can include flow only within the given time span, any flow before
or after is excluded. Also note that the lag introduced by a pond or reach can cause a discrepancy
between the calculated inflow and outflow volume. If necessary, this can be remedied by
increasing the calculation time span to include the entire duration of the inflow and outflow
hydrographs.

When adding hydrographs with the same starting time (To) and time interval (dT), the
ordinates at matching times are added directly. If the hydrographs differ as to To or dT, such
direct addition is not possible. (This can occur when using a liok to introduce an external
hydrograph.) In this case, the Iting hydrograph includes the span of both inflows and may
have a larger dT if required to cover the new period without exceeding the 501-point limit. Since
the inflow ordinates now occur at different times, HydroCAD interpolates between the points of
each inflew when performing the summation.

The peak elevation, peak depth, peak storage, and peak velocity are the largest actual
values attained at discrete times during the routing. Since no interpolation is employed, they
may be sltightly lower than suggested by the interpolated peak flow. (The value at each routing
interval can be tabulated by selecting the DETAILS option during calculations.)

The reach travel time is calculated by dividing the length of the reach by the peak velocity. It
therefore represents a minimum travel time rather than an average. Depending on the selected
routing method, the travel time may be used to further translate (delay) the reach outflow.

7 HydroCAD also checks for Rattopped bydrographs, where curve fitling and extrapalation are not appropriate.
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Circular Pipe (any flow depth)

a=Cross-sectional area
P =Wetted pedmeter
D=Diameter
r=Radius
Y=Flow depth .
(For muttipla pipes, & and P, are fivdtiplied by e number of pipes)

4014

Section 32 - Cross-Sectional Area & Perimeter E&Jatio:

The following equations are used to calculate the cross-section

al area and wetted perimete
common channel geometries, perim

Rectangular, Vee, or Trapezoidal channel

a=Cross-sectional area
P_=Wetted perimeter
Y=Flow depth
W=Bottom widith
8,=Left sida slope [rise/run}
S,=Right side stopa {risesrun}

Parabolic Chaanel

a=Cross-sectional area
P_=Wetted perimeter
Y=Flow depth
W=Flow width at surface
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Section 33 - Pond Volume & Area Calculations

HydroCAD pravides several options for determining the stage-storage characteristics of a pond.
1) Direct entry of cumulative {total) storage at various elevations.
2) Entry of incremental storage, that is,

the pond.
storage.

; the volume of horizontal sections across
These sections are summed by the program to produce the cumulative

rﬁlw(e al:a.t at various elevations, from which HydroCAD determines
an lative) storage at each elevation. The incremental
storage may be calculated by prismatic or conic sections as described below.

38) Entry of su
the

Prismatic volume determination (Average area method)

This technique assumes that the areas are ho
involves taking the average of the area at th
the thickness. Although this is & coramon!
noted that it is completely accurate only for

rizontal planes through a prism.“ The calculation
e top and bottom of the section and multiplying by
y used method for calculating volume, it should be
prismatic sections.

olume of section
h=Height of section
A,=Area of bottom of section
A=Area of top of section
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Counic volume determination (Frustum of a cone)

Most real-world ponds are not prismatic. They may be more round than rectangular, and may
have more than two sloping sides. For these situations, the veolume is more accurately
determined by assuming that the areas are horizontal sections of a cons. We can use the equation
for the volume of the frustum of a cone:

=Area of bottom of section
A,=Area of top of section

This equation also yields the correct volume for the frustum of a pyramid. (With A, and A, taken
as the areas of the top and bottom of the frustum.) This is an accurate representation of ponds
with four equally sloping sides at right angles.

Wetted area determination

The following equatit:m is used to determine the wetted-area for a section of a cone.® This is
used as the basis for exfiltration calculations based on wetted . The techai equires that

storage first be calculated by conic sections, as shown abave. 'l'h-e results am‘ accurate for all
sections of cylinders and cones, making them suitable for most dry wells and natural ponds.

A=Wetted (side) area of section
h=Hesight of section
R,=Radius of bottom section
R,=Radius of top section

&

* Prismatic sections based on surface arca can't be used 1o calcvlate weited-area, since there is pa unique solution ta theix
wetted-area equatioa.
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(8] Jerome M. Norman et al Culverts - Hydrology & Hydraulics, Lehigh University, 1980.
[10] Soil Conservation Service National Engineering Handbook, Section 4 - Hydrology, 1985.

{11} Soil Conservation Service Technical Release Number 55 (TR-55), 1986.

112] American Concrete Pipe Association Concrete Pipe Handbook, 1981.
(13} McCuen, Richard H. Hydrologic Analysis and Design, Prentice Hal, 1989,
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Chapter 5

5.2 Hydrology

CulvenMasier offers the Rational Method, $CS peak discharge method, and user-defined peak discharge
for determination of the design and check storm flows.

CulvertMaster Theory 4 521 matonal Metnod

The Rational Method solyes for peak disch based on hed area, rational cocfficicat, and rinall
intensiry for the watershed, '

The Ratioas! Method is'based oo the simple ratianal equation:

quency of the storm events. These curves provide a quick reference for determining the intensity of

CulvertMaster i
ramat] that will occur a1 givea refum peaiods. bas provided a tabular format

Weather Services® Hydro-35 technical
volumes for hqations of § minutes 1o

65 et sausion

Equations can geoerally be ith hi, .
o i [ y be fit o IDF curves with bigh accuracy. The most eq, form of these

t for entering rainfall votumes obuined from the National
feport. Hydro-15 provides a methodology for estimating rainfall
60 minutes for the castern United States.

5.1  Anatysis of Culvert Systems Q=Cid o Q=AR 5
When engincers analyze culvert systems, they ase usvally oying to make ooe or more of the following B
basic determinatioas: Where Q = Design flow rate (%5, m'ss)
o Determioe the size, shape, and number of new or additiona! culverts required 10 pass a design discharge. € = Rational cocfficient for drainage wrea
«  Predict the bydraulic capacity of an existing culvert system undcr some allowable headwaier elevation. K = Rational coefficicat for draisage arca
the { h lting check dischargy ' i = Rainfall intensity (inr, mavhs)
*  Predict upstream flood level at an existing culvert system resulting from some scharge or A .
other discharge magnitude of special interest. = Dainage ares (acres, hectases)
. Dcyclop hyh:::afm“l?-me curvc‘sorf;x;::l:m system for assessing hydraulic risk at a crossing ot . Buuuse of the u{“»“ that are used in the above equation, CulvertMaster ses & facor to copvert the waits of
a3 iapat 10 4ot ydraulic or hydrotogic e, inteasity fnd dnuuge_ ge ares o units of flow. s English units, this conversion factor is 1.008 ac-infhr per
CulvertMaster models complete culvert systems. A roadway cross-drainage culvert system is typically 'ﬂ’/s. and ia 81 units it is 9‘0‘!2378 hc‘31"*!!!!\1/'!“ per s, C, the rational cocflicient, is the parameter that
designed 1o safely cury flood flows from one side of the road to the otber. The culvert system consists of : i most open (o 4 E ing refs contain tables tut will help you cstimate C.
the Gollowing bydraulic components: The following uable shows rational cocfficients for common land uses. In miny cases, ao arca weigh:
average of C coefficicats is used for the catire drainage ares. CulvertM; will i teul
* Rydrology - An up hed drainage arca discharging design and check storn flows to the : the weighted C for drainage areas, ’
culvert system. The itude of these disch is computed using an accepted hydrological method
such as Rationsl, SCS Peak, ication of a state R ion Equation, or some other suitable
methodology.
o Culvert Hydrautics — One or more culvert barels along with associated besdwalls, wingwails, and
other types of ead treatments, which convey flow through a roadway embankment. The pesformance of
these culverts is described using culvert hydnulics.
» Rosdway Overtopping ~ A rosdway embankment may be subject 1o ovenopping flows if the total
capacity of the culvert(s) is exceeded. Such overtapping flows are wnatyzed using weir hydrautics.
o . Tailwater — A natural stream, improved channel, or other waterway at the discharge or tailwater side of
the roadway embanjonent. The hydraulic response of the downstream discharge sreas affects the
capacity of the total culvert system. Tailwater is analyzed using uniform flow assumplions of sepante
floadplain analyses.
.
|
|
43
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Table 5-1 Figure 5.1
. " AREA C Values Intensity Duration
Table o[ Rational Freguency Curve
Coefficients Business - . . R : =% S
Downtown 0.70-0.95
Neighborhiood 0.500.70 ation Frequency Curve
Residential
Single Family 0.30-0.50
Multiunit detached 0.40-0.60
Multiunit attached 0.60-0.75
Subusbas resident 0.25-0.40
Aparuneat 050-0.70
Residential (1.2 acre lots or 0.30-0.45
more)
Industrial Y - SEELY bbby
Light 0.500.80 :
Heavy 0.60-0.90
= 0.0
Parks s0d Cemeterics 0.100.25 : Desstion ety
Playgrounds 0.20-0.40
Unimproved 0.10-0.30
IDF curves can be aseful when ing hand caleulati . .
Favement are less useful when used for comp s oah ‘P““!b‘::\;"-;"°ﬂ'h:4<m°«1‘~ They
Asphalt/Coocrete 0.70-0.95 values and enter them cach time you need i'"'mi au, For this by you have 1o look up
Brick 0.70-0.85 : tables or raiafall equations 1o calculate IDF cuwes.‘y o this teason, {tIs often easier to use rainfall
Drives sad Walks 0.75-0.85
Trweisedy o Rainfall Tables
was, Szady solls : . .
Flat, ;'% 0.050.10 H C“'Y‘“M‘ES"‘“ |°'~‘ you enter data is & fainfall uble and saves the data 0 you may wse it again for otbes
Average, 1-7% 0.10-0.15 f’;‘:;;"m :"‘e‘:'h"‘?l’?“";l intensities foc yous cuiven analysis is simply a maer of looking up data from
Steep, 1% 015020 : Tty ble 10 et e ' Ruinfal Table, Qnce the cainfathintensities ase gathered, it s helpu if you
Lawas, Heavy Sails Table 5.2
Flat, 2% 0.13-4.17 \ able Retarn
Periods
Average, 2-7% 0.18-0.22 i Duration
Stecp, 1% 025035 Table of R‘;::{‘,’i; Tyerr | Syear | W0gear | Isyear | Soyear | 100 yeer
Rallroad Yard 0.700.40 : $ min 120 136 842 933 | 100t | 1040
Rools 0.70.0.95 i 18 min 8.02 6.67 7.20 8.04 871 913
15 mia 5.20 5.84 6.15 714 217 8.40
*nsity-Duration-Frequency (IDF) Curves : 30 min 3.88 442 4B 548 5.98 6.49
\infall intensities for which you will be designiog your culvens are deternmined by regulatory ¢ 60 mic 250 2.94 3.26 3. IR} 450
s, which typically analyze historical rainfall information and cormpile it into {DF Curves based on H
t
i
f
f

000

—&
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2.3

a

B0y

5.2
Where i = Intensity of rainfall

D = Dunation of rainfall

4. b = Equatioa coellicicats

[ = Expoocat

d tn Culvenh are:

;o alrey

= .y
®+D)

i=a+b1nD})+(lo DY +4(n DY 54
Where i = lnteasity of rainfall

D = Duratioa of ninfall

RP = Return period

2,b,c,d = Equation coeficients

mg = Equation exponents

SCS Peak Discharge Method

The SCS Peak Discharge method solves for peak di based oo watershed ares, site specific
bydrologic conditions expressed through the curve aumber (CN), rainfall distribution type, and rainfall
depth

SCS Peak Discharge method is based on the following equations:

Q, =q.40F, 65
Q™ Peak discharge (&%)

Q. = Unit peak discharge (cf/ mi'/ia)

A ~ Drainage area (mi’)

Q ~ Ruooff (in)

F, =~ Poud and ewarnp adjustmeat factor

Where

_Ap-1y

Q_ZP—I.)'f'S

Where

(.6)

Q=
P = Rainfall (in)

S = Potential maximum reteation after amoff: begins (i)
L = tnitiad abstraction (in)

Rusoff (in)

utverthlastet User's Guide
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Other runofT cusve number ables can be found in Chapter 2 of the SCS-TR-55 (1986) manual.

.3 Culvert Hydraulics

% farraidab

Obuining an accurate solution of culvert hyds P [N tputati task. Colverts
often act as a significant canstriction to (low and are subject to a ange of flow types including both rapidly
varied and gradually varied flow.

& is this mix of flow conditions and the highly transitional nawre of culvert hydraulics that make the
cubvert bydraulic solution difficult  For this reason, the accepted agpeaach is to simplify the hydreatics
probleen and solve the culvert using two different assumptions of flow control:

Iniet coatral assumption - Computes the upsticam cacrgy grade or headwater depth resulting from the
canstriction effect at the culvent eatrance while negleating the culven barrel friction aod other minos
losses.

¢ Qutlet control assumption - Computes the upstream head: depth using ional hy i
mcthodologies that coasider the predominant losses due to the culvert barre! friction a3 well as the
minos entrance and exist losses.

CulvertMaster uses the methodologics sct forth in Hydraulic Design Series No. S, Hydvaulic Design of
Highway Culverts (1985) as prepared for the US. Federa! Highway Administation, and included as
Chapter 6 in this manual, to perform (hese ic cateulati i under each control
assumption. The conmolling headwater depth is then the greater of the inles control beadwatet o the outlet
conwol headwater.

Infet Control Hydrautics

Whea s culvert is opcrating under inlet control, the hydrsulic control section is the culvert catrance itself.
The fosses duz to barvel Giction and other minor losses are pot as significant as the losses caused by the
entrance constriction. This entrance capacity is determined primarily by available apeaing arca, the shape
of the opening, and the infet configuration of the entrance.

Genenally, since the cantrol section of a culven operating under inlet contro! is at the upswrearm end of the

culvert, barrel flows are in the supescritical flow regime and outlet velocities are determined using
Fronrwater graduatly varied flow profiles,

Three types of inlet coatrol hydraulics are in effect over a range of culven discharges:

¢ Unsubmerged - Occurs in low discharge conditions, and the culvert enaance is performing mainly as &
weir, The hydraulics of weir flow are g by empirical working ions developed as a result
of model tests,

Subimerged - Occurs in higher discharge nnges when the culvent entrance is fiully submerged aad the

culven is assumed 1 be operating as an orifice.

Traasitlon - Occurs in the poorly defined region just abave the unsubmerged 2one below the culvert

entrance crown and the fully submerged zone above the culvert entrance crown.

vesiMaster computes the inlet conwol headwater depth using & set of inlet control working equations
ach ase i 4 by the design hs published in HDS-$ and macty other hydraulics maguals

.

and handbooks. o

inlet Control Working Equations

The equations for bmerged (weir) and sub {crifice) Now conditions are presented below. The
transition zone is taken by fincar interpolation in the tegion described by Notes | aad 3. The constant

cocflicients for use in the working equatians, as well as the use of Form (1) and Form (2) unsubmerged
equations, vary accarding to section shape and material,

The CulveniMaster ;; i
methodology set forth in Chapter 4 and Appendix F of the SCS-TR-$S (19!

Table 5-3

Runoff Curve
Numbers for
Urban Areas’

Fully developed wrban areas (eegetation uui:uuai

of the SCS-graphi
86) manual,

(]

peak discharge follows the procedures and

Poor coaditioa (grace

Open space (lewas, packs, golf caurses, cemveerion,
ey

Fuir coadition (grass cover 50  75%)
Good condition (grass cover > %)

coves < SK) &

»

283
IR

-3 34

(mpervious areas:

(exchuding right-of.
Paved, open ditches
(including right-of.

Paved parking los, roof, driveways, cic,
{excludiog right afoway)
Streess and roads:

Paved: curbt and stoem sewerr

Gravel (including right of-way)
Din (inctuding cight-of-way)

way) o
- [}

n

ad 2

7

”
9

(1

Western desert wrban

Natural desent badscaping (pervious arcas oaty)
Artificisl desen lindseaging €
(mpervious weed barrier, descrs
#heub with £+ 0 1-inch sand ac

gravel mulch ad Besis borders)

sceas:

43 [}
2 st

178 acxe oc tess (town
174 scre
173 acre
172 acre
lacre

Resideadiat dtatrices By averuge tos siaes
boutes)

52 Chapter S - CulvertMast.
falet Coatrol Design Equations
Unsubmerged':
HW, H 3
—F’ =-BifK Q“ -0.58
: Foan (1) 2: 4D (5.82)
"
LA K[_Q_J
0.5
Fom@): D 4D (5.8b)
Submerged’:
v JeY
R +Y =055 (5.9)
‘Where HW; = Headwater depth above inlet control sectian iavert (R, m)
D = Interior height of culvert bagrel (ft, m}
H = Specific head at critical depth (4,+V,g) (R, m)
! Q » Discharge (75, m'ss)
: A = Full cross-sectional ares of culvert barrel (Y, m”)
: s = Culvert barrel slope (R, avm)
K. M. ¢, Y = Canstants from the following table
Notex:
;Unsubmugtd €quations apply up to Q/AD®* = 3.5
) For mitered indets, use +0.75 instead of -0.5S as the slope correction factar
The submerged cquatian applics above Q/AD** = 4.0,
Table 54 Uassbmerged Submerged
Constants for Ca | Shape ¢na :‘:.::
Intet Control Scele lolet Edge Descripden Ferm K 2] < Y
Design
Eguations

000066
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1| Mitceed 10 vlope 5
3 Projecting 0340 150 ( ass3 [ e
“y  Coodas’ A Beveled ring. ¢S%evets 0 T I8 17356 0360 | 34
2 B Bowciod ring, 33.7bevels S MS§ 250 | 020 n
. ::uwu 1 30%0 75 wingwall flars AU ) 0347 46
2 $0%a 15 wingwalt flares f 061 s | oo | a0
} O*wingwall lares 861 35 042y 22

Rectangular [l * wia
o | pened 45* winguntl flare 3=.000 - Sto 1 I 0305 | 36
2 137037 wall Dare d=,0810 2 a6 | ot ] 29 | 3y
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Unsabmerped Sabmerged : Figure 5.2
Table 54 Full
Nomo- ull flow energy
Contimued O b Suapeand § grpn Tadet Edge Description Farm K ™M c Y and hydraulic
No § Material | Sale grade lines
t | %0madwall whi- chamfers 1S | &1 | s |
peuagshr |3 | oobesdwall wits® bewet w95 | s o | &
1 | Box 3 2 55
i
1 " ¢ 497 [ 661 o319 | 303
Bq“"“““““ 2 ':" oo winguall fares ) | e | e | 306 R p v
18.4°500-0ffict wingel Garcs “© &1 | o3 | .1 HW + 2o o Ve
" : 30°skewed bared 4 <t 2g+HL i

St e 5 AR 4
4 Where HW, = Headwater depth abave the outlet invert (f, m)
Ve = Approach velocity (f/s, m/s)
TW = Tailwater depth 2bove the outlet invert {f,m)
Va = Exit velocity (f's, rvs)
Hy = Sum of alf Josses including eatrance {H,), friction loss (HY, exit loss (k
and other losses
8 = Gravitational aceeleration constant (f/s’ , s’y

HDS-$ prescots some simplifi procedy and graph

fosses, Hi. However, suck simplificd #pproaches will result in
full barrels. With the need for porformance curves, which
H dowastream impacts over a full range of flow magnitudes, it
'- approach 10 computing outlet coatrol hydrauti

Since culvens. are frequendy hydraulically short, uniform flow depths are oot always achiev
CulvenMaster incorporates a powerful set of ly varied flow algarithms, which can ly anal
the following conditions: ) )

that can be used to compute outlet cor
degencrative solutions in fow fiow or [
quantify culvert response and upstream
is necessary to take & wore rigorous ene

o Partial Now - Water surface
the culven during part-full

profiles are conputed o the actual flow depths at the entrance and exit
ditions are Teul

Y

¥ : P - : 5
el - rfﬁurt flow - Backwater is computed during full basyel submergence.
Raough tapered iolet throat ¢ Composite pressure and free surface flows - Both sealing and unsealing conditions ace vsed 1
" Tapéred mbes Seveied ofges, 7 computations.
Taperid inlcl squaie f } )
] .| Teperod nletthin o ¢ Composite flow regime profiles - Mixed supercritical and subcritical flow profiles can be analyzed.
57 | Recuagular ] Tapered inlet throat . Ad_vcru aad horizontal culverts ~ Backwater profiles can be performed for culvents for whic
uniform (lows are undefined.
1 Side ipered-Lxs favonble odges, -
2 side mpersd-more rvorable edges Entrance Minor Loss
1 Slope tapered-lesy (avocable edges 36 A B . . "
39 | Concrete 2 sﬁma»mll::nbk edges 2 S0 667 1 038 | ;"e catrance loss H, is 2 function of the barret velocity head just inside the eatrance, and is expressed b
e equation: .

$.3.2 Outiet Control Hydraulics

y?
Outlet convol headwater depths are computed by summing entrance, exit, friction, and other 1osses along H, = .[’2‘;
the culvert barret. The energy basis for solving 1he outlet control headwater, HW, for a culvert is presented
graphically in Figure 5.2 and the basic energy equation, Equation 5.10. N

~

5.1
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Where H, = Entrance loss (R, m) Table 5-§ =
. i
V = Velocity head inside of barre! eatrance (s, av's) . Contimied Bot, Relaferced Concrete (coodn
k = Entrance loss coefficicnt (unitess) Wingwlls 1 30° 0 75° bered os
& = Grviational aceelention constant (s, m/s?) Seursdged stemmn
: Crown edge rounded 1o radivs of 1/12 bare] disecasion, or beveled top edge 02
The entrance loss coefficient, k,, is a function of inlet coofiguration.  Values for the cocflicients are . 3
presented in table 5-5 below. Wisgwall a1 107 12 25% 10 bured os
) Squirc-edged at aowa i
Wingwall panallel (cxtension of sida)
Table 5-5 = 0
Square-edgod st crown
02
im:"cc Loss Sider or slope-tapered inet
! Projecting from fill, socket end (graove-end] ) »
OQurles Control, — = 02 * “End Scction conforming 1o fill slope,” made of either metal or concrote, are the
Full or Partly Full Projecting Grom A, £9. cuf end CX] sections ilable & e From Vimited hydraulic tests they
Entrance Head Headwall or headwall and wingwails are equivaleat in ion to 1 beadwall i both infet and outlet contral. Shome enl:
«q P L - f
Loss Socket end of pipe (groove-cod) 02 sections, incorporatiog a cloged taper in their design have a superior ydraul
Squarc-edge o5 ) performance.
Rouaded (adivs - 12D) 02 i
- E£xit Minor Loss . . 5 .
e oo 0 e o The exit loss is actually an cxpansion foss, which is a function of tbe change in ve‘locfry bead occuring 3
*Eod.Section conforming 16 (il shope (Y3 the discharge location. In culvert hydruli the sudden exps 1085 s eXp as:
Beveled edges, 31.7° of 45° bevels 02 2
1
Side- or flope-tapered ok 3 | L__’Q_] (5.12)
Fipe, or Pipe-Arck, Corregated Mecal 2 g
Frojecting from &l (no headwall) T imor o35 (5. )
- Where H, = Exit minor loss {fi, m!
Headwall or beacwall and winguatls square <dge 05 ) V = Velocity just inside the barvel exit (s, mis)
Mitered 10 conlocea to (W siope, paved or unpa ved slope [¥] ¥, = Outfall channel velocity (fUs, nvs) .
*Fnd-Section coaforming to il slope s g = Gravilational acceleration constant (s, ovs’)
Beveicd edges, 33.7 or 43° bevels o1 The velocity can be peglecied, in which case CulveriMasier assumes the exit loss is equal (0 the
Sk e ipea e . o2 barrel vcloc?xy head. :
Bar, Reloforced Concrete
Headwall peralict 1o cmbankment (80 wingwalls) . Friction Loss . i
Susrecdeed on ) edges 05 CutvenMaster caleutates Giction losses using gradually varied flow profiles.
Roundot 3 cdges 10 radius 10 1112 bamel dimension, or beveled edges 3 side 02 Gradually Varied Flow

Gradualty vari occurs for free susface Row condutions. Starting t’f’"‘,‘ given boundary ml!ll‘ﬂ.l
depth, :ZIM\I'I;K;Q":;WHC{ :l:vnian.. the depth will change gradually untit (if the bnnl;I or condou(n mu:
sufficiently fong) nomal depth is achicved. If the water surface moves tbove or below the croum o e
conduit in scaling or unscating flow conditions, the progrm will -uiarmu:a Iy msf“o'"‘llvl; o
pressure analysis mode. Friction losscs for the submerged part of the barrel or condusit wi based

. flow friction slope. . A
( ,‘ )‘ " )‘; ; M and back proliles. The program sutomatically determines
‘:1 ether 2 structure is i undet or contsol, and then performs the comect

) wih v {3 v

oraduailv varicd flow anslucic

e ———————
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Gradually varied flow proﬁls express the water surface depth curve aloug the leagth of the barrel and are

developed in an upstream or di direction depending o the ic slope of the conduit and the
tling water swwface elevat For on a mild slope, which is aben the coosucted slope is
less thao critical stope, the depth of flow will incease gradually if the d stanting ¢l is less

than normal depth (M2 drawdown curve, Figure §. S) Thbe depth of flow will decrease gradually if the
starting water surface clevation is greater than mmul depth (M1 backwater curve, Figure 5.3). In these
types of water suface profiles, the fiow is op g under subcritical flow condi

* a structure operating at a hydraufically steep slnpe (i.c. constnicied slope is greater than critical slopc)
lually varied flow profiles will be developed in 20 wp direction why e '3
swater clevation lies well above critical depth and subcritical flow exists at the pipe exit. Ualess the pipe

is very short, steep pipes that bave tailwater depths above critical depth will expericnce a hydraulic jump

somewhere along their length.
Figure 53 Zoae 1 Pradiles Zeoe 3 Procies Zoae 3 Proies
G'a‘ﬁ‘a”y AES AL Ee A LYY HY.S5YSY reyay <y,
Varied Flow

Classifications

M1l Slope
P2 A

Cratiesl Shope
(XT3

Y<n

Sreap Stupe

Hortasatal Slepe

Adverse Dope

Usually, culverts on a steep slope are cither ¢ntrance controlled or inlet conirolied, and operate under
supercritical Nlow.. The gradually varied flow algorithm sets the up y: ic grade equal to the
critical depth efevation at the entrance and develops a frontwater curve by computing depth vanation in a

CulvertMaster User's Guide 59
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H=2+ 2— : (5.14)
g .

Where H = Total head (f, m)
Z = Water aurface elevation (fi, m)
V = Velocity at the end of the section (ft/s, mVs)
¢ = Gravitational acceleration constant (fUs’, m/s’)

The Griction loss, by, is e product of step length and uniform flow friction slope, or:

s,a0= 105, ¢5,)ax
2 (5.19)

Where S¢ = Friction slope (f/A, ;/m)
Ax = Change in horizontal distance ia the section (&, m)
§1.S; = Friction slopes at the end of the section (A/ft, mvm)

In the direct sicp sohation, the only unknown given rwo depths at cach end of a sub-reach is the parameter
Ar. This is sotved for cach trial depth.

Standard Step Method
The standard step method is the most popular method of determining the proﬁles ofgnd\nlly varied ﬂow
In sandand siep analysis, the reach is divided into a number of sub are perfc

ia steps from one section to the next, where the depth is either mcfemcm:d or decremented la yield a
carect energy balance in the basic equation.

Unlike the direct step method, the standacd step method varies the depth at the next section unitil the friction
slope telaionship, shown sbove, yields an average friction slape, Sy, which balances energy between each
end of the sub-reach.

5.4 Roadway Overtobping

Whenever the culvent headwater begins ta rise above the minimum clevation of the roadway, oventopping
will oocus, Ovmoppmg flow is modeled as a special Type of weir flow cxpressed by the general broad-
crested weir equation, Overtopping flow is 0oc companent of the tota! culvent systemn.

Figure 55 -z 1

Roadway
overtopping

R

4014

2O

C\ny(erg Cu

downstream direction. In this type of frontwatcr analysis, the depth decreases from critical ¢
approaches oormal depth a1 the culvert exit.

CuivertMaster uses two different algodithms foc ing the gradually varied flow profile dn
cutvert barrel dcpendmg on the bydrautic context of the pipe compooscnt as defined by the co
slope and the governing tailwater clevations. The (wo mcthods are direct step and siandard step.

" computationally equivaleat, and the choice of which mcthod to use is based on performance coasid

Figure 5.;

Plot of Hydraulic
Jurmp

Backwater Analysis

A backwater analysis (or outlet confro) computations starts at the duwnsvcam outfall under free di
submerged, or tailwater control, and proceeds in an wp di CulvertM; will
backwater spalysis in both free susrface flow conditions and pressure flow computations under ¢
conditions.

Frontwater Analysis

CulvertMaster will perfonn a frontwater analysis in a steep culvert operating under supercritical fla
hydrautic control will be at the upstream end of 2 hydraulically steep culvert, and the gradually van
analysis will proceed in a downstream direction usgil normal depth is achicved, a hydraulic jump oc
the end of the culvert is reached. Evea though outlet control rarely octwrs in supereritical flow sit
the frontwater analysis is still performed for purposes of determining exit velocity,

Direct Method

This is 2 1oethod for solving gradually varied flow profiles in which a series of explicit solutions {
lmgthmmdcmthllmhmaspcclﬁeddcpthofﬂow lndndueclmpmexhod. the program
over & range of depth changes vesulting from a backw or drawd curve, and the i
distance that results in the correct amount of beadloss to produce the eaergy b-lmce This interval d
is then summed with all previous intervals 1o compute the tatal distance over which the flow prot
been computed, and the oext interval computation is performed.

The program tises s trial and error procedure @ solve for a depth that will yield a final interval,
when surumed with the previous profile distance, will equal the totat length of the conduit.

The l?ui: equation for energy balance is:

Hy=H,+h +h, (

Where Hy= Total head at section |
H;=  Total head at section 2
hy = Friction loss
h, = Eddy loss

For prismatic channels, the eddy loss, b, is practically zeso and is assumed as zero by the program.
The to1al head at both ends of the section is defined ss:

(13
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00 0068 2 00 10 20 30 40

Q,=C,xLx HW)? G4
Where Q, = Overopping flow aate (R'/s, m'/s)
C, = Overopping discharge coefficient
~ L = Length of the roadway crest (ft, m)
HW, = Ovmoppm; depth (ft, o)
The pping disch is a function of using the eq
C,=kC, 61

along with the figures below, mfuutwoﬁgummusedmdmvcmcbqurwefﬁummulm
from decp aod shallow pp The is d implicit
using the final figure and applied ng;ms( thg base coefficient

Figure 5.6
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Figure 5.7 3.10
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Figure 5.8 1.00

Submergence
Factor h/HW,
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0.60

0.50

0.6 07 0.8 0.9 Lo

SUBMERGENCE FACTOR h, /HW,
Source: FAWA. HDS No. 3, Hydraulic Design of Highway Culverts, 1985,

55 TaiMater

The tailwater depth at the culvert discharge chaanel is an important parameter for computing the response
af the culvers. For backwater analyses, the tailwater clevation may be the starting gradually varied flow
boundary. CutvenM wifl ically compute disch varishle tailwater depths using its uniform
flow calculation capability. .

5.5.1  Uniform Flow

In aniform flow, the discharge, depth, and velocity are constant with distance aloog the pipe or ditch
section. The physical slope of the flow element, friction slope or encergy slope, and the water surface slope
are all parallel. This means that the hydrautic grade line of flow is paraliel to the channe! slope and that the
depth will be the same at all points along its length. This depth of uniform flow is called the normal depth.
Uniform flow can occur as fiee swrface flow in a prismatic conduit flowing partially full. A prismatic
channel or conduit has & non-varying cross-section and a constant bottom slope.

61
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S = Energy stope (R/ft, m'm)

C = Flow resistance factor {units vary by metbod)
x = Exponent

y = Expooent

The' roughness, or flow resistance, factor, C, is usually determined by the material lining the flow cha
However, the ultimate value of the C component may be a function of the channef shape, depth
velocity of Gow. The bydsaulic radius, R, Is a strict function of the channel shape. For every geon
shape, R can be readily calculated once a depth is known or assumed.  The encrgy slape, S, is cor
under the uniform flow assumption.

Since velocity is constant under uniform flow conditions, combining the general uniform flow equ
with the continuity equation

Q=VA ¢
results in the equation: . .

Q=ACR'S” ¢
Where Q = Discharge (5, m¥/s)

A = Crossssectional flow area (2, m?)

C = Flow resistance factor (units vary by method)

R = Hydraulic radius (R, m)

S = Energy slope (VRt, m/m)

x = Exponcat

y = Exponent

Manning’s Formula
CulvertMasier implements the Manning's formula for computing uniform flows in tailwater channels,
for computing friction slopes in its gradually varied flow computations in culvert barrels.

The use of Maaning's formula is zpplicable 10 uniform flow provided the slope of the energy grade bt
used and is applied whea the flow range is rough. Culvert flow tends to be rbulent whe the flow
is rough and during peak flows. The turbulent regime is comprised of three ranges of flow: smc
transition, and rough. When the flow is rough, Manning’s formula is most often used.

Manning's formuta is derived from the Chezy Fonnula, which computes velocify based on a C coeffic
hydraulic radius, and friction slope. Manning’s formula refates this C cocfficient to a roughness coeffic

Uniform flow can be described by the ized friction and hydraulic iadivs. The original format incorporates the roughness coefficient:
— 120172
V=CRrR'S 5.18) V=CR"S s
Where V= Mean velocity (s, vs) Where E ° F'c:" :r "0: "“:\“"“
R = Hydrauic radius (8, m) Hydrautic cadius (B, m)
S =  Energy slope (f/R, m/m)
Smmm e e e T T oy v
CulvertMaster User's Guide - 63
This equation was further modified by others (o become the well-known Manning's formuta:
U.S. Uaits:
. 1.49
’, V = Rl ¢ Isl I3
n (5.223)
Where © V= Section velocity (R/s)
R »=  Hydrsulic radius (/)
S = Energy slope
*  Manning's roughness coefficient
Metric:
n (5.22b)

Where V = Section velocity (m/s)
R = Hydsaulic radius (m)
S = Encrgyslope
= Manning"s roughness cocfficient

5.6 Comparing Results with HY-8

CulveniMaster results will generally be similar to HY-8 results. However, in some complex hydraulic
cascs, HY-8 uses a simplified solution technique that may produce differences. The follawing is a list of
cases where i hodology between Culvert and HY-§ differ:

1. CulvenM inlet coatrol head stricdy by the inlet control equations presented in
HDS-5. K8 uses polynomial curve fits for inlet control headwater computation,

2. HY-B simpli the putation of the M2 back 1 profile for the case where a culven has
unsubmerged wilwater and has discharge in excess of fulf flaw capacity. In this case, HY-3 will
assume pressure flow for the full lengih of the culvert. CulveriMaster will compune the M2 profile
backwater curve, and will tmansition (o pressure flow whese the profile runs imo the top of the pipe.
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TABLE 18.--SOIL AND WATER FEATURES
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Y
1

Jan-Apr
Jan-Apr

Months

Kind
Perched

3.0{Perched

N e e e

High water table
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™ o o o

1 - - .
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N ~ N

Depth
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+.5=-2.0)Apparent {Mar=Jun
[] []
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1.0-3.0{Apparent|Jan-Apr
4.0-6.0}Apparent |Feb=Apr
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TABLE 18.--SOIL AND WATER FEATURES~~Continued

i
Duration (Months
i

Flocding

Frequency

Frequent----}Very brief}Nov-Jun

None~-weceewu=
Nongeeeceeas
Nonee-vecacea
Nongemecccna
Nonee~wemeax
Nonewmwewaax
Rareeeececaca
None-—-=w-c-
Nongemececewnra
None-=-e==w-
Nonee=eceecea=

‘Hydro-
logic,
igroup
B
B
o
C
B/D
B
C
B
C
C
B
B
B

DD INIPIEpE [P SPRSINEPIIEPIpINIGIVEpIpIpS RSP ISR RS S

T
1
]
]

PbC2, PbBD,
PbEcwcccmccccnces
PcCH:
Parke-eececcccceax
PrB, PrC2---~-
RpB2, RpC2---
Rossmoyne
RtB*, RtC*:
Rossmoyne---eeeee

Princeton

PfD,
See footnotes at end of table.

Soil name and
map symbol

Urban landz
Parke
PcB¥,
Urban 1land.
Pate
Pateecumocacccaaa
Urban land.
Patton
Pits
Raub
Ross
Urban land.
Russell
Russelleveccaccnns
Urban land.
Stevecwccccccaccaa
Stonelick

[ A el tied
RWB2-mcccmcaccaean

RAAwmeccccccccucen

MuCH:
PbB2,
PfcC,
PhD*:
Pot*.
Pra,
RpA,
RtA%,
RxB*:

000075  Sowwress USDA-&CE, 19,
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TABLE 18.--SOIL RND WATER FEATURES--Continued

Xenia i

! H Flooaing 1 High water table i Bedrock ) 1 _Risk of corrosion
Soil name and 'Hydro-! i ' i T 1 . i |Potential} I
map symbol ! logic! Frequency | Duration }Months | Depth | Kind |Months | Depth [Hardness! frost |Uncoated |Concrete
group i E i i e E j< 5 . E : E action i steel i .
1 | i 1 KU | i 1 in 1 | | |
i : 1 ) i i : | : i i
XfA, XfB2eoeooauaa ! B INoneeewmama-r i -— | -— 12.0-6.0!Apparent{Mar-Apri >60 | - !Highe=ee={High=--~-~!Moderate.
t ] ] 1 ] ] ] []
: : : : : ! : ! :
I ] ] ! ] ] ! ] ]

]
t
i

* See description of the map unit for composition and behavior characteristics of the map unit.

#% The plus sign preceding the range in depth to the water table means that the range in this soil is from .5 foot above the

surface to 2.0 feet below.
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Table 2-2a.—Runoff curve numbers for urban areas! .

' ’ Curve numbers for
Cover description hydrologic soil group—

. Average percent Yy (-\Z o
Cover type and hydrologic condition impervious area? A (Zj D

s
- \ ﬁ.
Fully developed urban areas (vegetation established) ’\] EGE TATE P % IZ'>
Open space (lawns, parks, golf courses, cemeteries, F’QA‘:_SS\‘C?’ i
ete.): S NSTEM (

Poor condition (grass cover < 50%) .............. 68 (39 1 89
Fair condition (grass cover 50% to 75%)........... 49 6 79 84
Good condition (grass cover > 75%) .............. 39 61 4 80

Impervious areas: ‘
Paved parking lots, roofs, driveways, ete.

(excluding right-of-way). .......... e 98 98 i 98 98
Streets and roads: i

Paved; curbs and storm sewers (excluding

right-of-way)............ ... 98 98 i 98 98
Paved; open ditches (including right-of-way) ....... 83 89 92 93
Gravel (including rightof-way) ................... 76 85 89 91
Dirt (including rightofway) ..................... .12 8L ., 87 89

Western desert urban areas: |

Natural desert landscaping (pervious areas-only)... 63 77 85 88
Artificial desert landscaping (impervious weed [

barrier, desert shrub with 1- to 2-inch sand

or gravel mulch and basin borders). .............. ' 96 9% ., 96 96

Urban districts: - ' .

Commercial and business.......................... 85 89 92 94 95
Industrial........ ..o i i 72 .81 88 ; 91 93
Residential districts by average lot size: !
1/8 acre or less (town houses). .. .....c..ooveueun.... 65 7 85 ' 90 92
1 Y 38 61 75 83 87
1Bacre ..o e 30 57 72 : 81 86
V2acre ..ooovniii i 25 54 70 i 80 85
lacre............ e e, 20 51 68 79 84
2 aCreS ... 12 46 65 . 82
Developing urban areas ’ . i
Newly graded areas (pervious areas only, “J\N\Jt,(:)(:T/%;f)—%lé :
no vegetationf* ........... ...l F1 NA}-—. o o 77 v 9
Idle lands (CN’s are determined using cover types SYSTEM A Mg % D @
similar to those in table 2-2¢). = NER EAINOWS -

!Average runoff condition,-and 'I,,"f: 0.2S. .
*The average peicent impervious area shown was used to develop the composite CN's. Other assumptions are as follows: impervious areas
are directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open
space in good hydrologic condition. CN's for other combinations of conditions may be computed using figure 23 or 2-4.
3CN's shown are equivalent to those of pasture. Composite CN's may be computed for other combinations of open space cover type.
“Composite CN's for natural desert landscaping should be computed using figures 2-3 or 24 based on the impervious area percentage (CN
= 98) and the pervious area CN. The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition.

Zomposite CN's to use for the design of temporary measures during grading and constiuction should be computed using figure 2-3 or 24,
vased on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas.

(210-VI-TR-55, Second Ed., June 1986) 000080 2.5
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Table 2-2c.—Runoff curve numbers for other agricultural lands?
Curve numbers for
Cover description hydrologic soil group—
) Hydrologic
Cover type condition A @ D
|

Pasture, grassland, or range—continuous Poor 68 J !zq é 89

forage for grazing.? REAS EAST Fair 49 ' 84
R\)‘NON- A E = Good 39 A6l Pk 80
O‘; OQ&J o — e — e e — —

Meadow—continuous grass, protected from - 30 58 l 71 8

grazing and generally mowed for hay.

Brush—brush-weed-grass mixture avith brush Poor 48 67 ! Kk 83

the major element.3 ) Fair 35 56 - 70 71
Good 430 48 l 65 73
Woods—grass combination (orchard Poor 57 3 82 86
or tree farm).5 Fair 43 65 i 76 82
S Good 32 58 C 72 79

DISTURBED ARER | :

Woods.® © |CONSTRUCTION - | Poor a5 6 | 83
, nY Fair 36 60 " 73 79
Sup_pgg__,f._i Good 430 55 | 70 (i

{

Farmsteads—buildings, lanes, driveways, | - 59 74 )

armsteads—buildings, lanes, driveways | 86

and surrounding lots. e

'Average runoff condition, and I, = 0.2S.

2Povor: <50% ground cover or heavily grazed with no mulch.
Fuair: 50 to 75% ground cover and not heavily grazed.
Good:  >75% ground cover and lightly or only occasionally grazed.

3Poor:  <50% ground cover.
Fair: 50 to 75% ground cover.
‘Good:  >75% ground cover.

4Actual curve number is less than 30; use CN = 30 for runoff computations.

5CN’s shown were computed for areas with 50% woods and 30% grass (pasture) cover. Other combinations of conditions may be computed

from the CN's for woods and pasture.

8 our: Forest litter, small trees, and brush arve destroyed by heavy grazing or regular burning.

Fair: Woods are grazed but not burned, and some forest litter covers the soil.
Goud: Woods are protected from grazing, and litter and brush adequately cover the soil.

(210-VI-TR-55, Second Ed., June 1986)
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NODAL NETWORK DIAGRAMS
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Drainage Diagram for OSDF Design Scenario

Prepared by GeoSyntec Consultants 8/23/2001
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems
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Drainage Diagram for Design Case A

Prepared by GeoSyntec Consultants 8/23/2001
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems
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Drainage Diagram for Design Case B

Prepared by GeoSyntec Consuitants 8/23/2001
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems
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CMP COVER REQUIREMENTS

General Guidelines for Minimum
-Cover Required for Heavy Off-Road
Construction Equipment

Pipe Minimum Cover (feet)

Span, for Indicated Axle Loads (kips)
Inches | 18-50 50-75 | 75-110 | 110-150

12-42 2.0 2.5 3.0 3.0
48-72 3.0 3.0 3.5 4.0
78-120 3.0 3.5 - 4.0 4.0
126-144 3.5 4.0 4.5 4.5

Information repfoduced from: [Contech, 1999]

A attachments final/A-9 00 0087
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Written by: Dana Mehiman (DBM) ' Date:_8/24/2001 Reviewed by: _Date:

Client: Fluor Fernald, Inc. Project:_QSDF Phase IV. Project No.:_GQ1342 : Task No.:_16

PHASE IV SURFACE-WATER MANAGEMENT SYSTEM DESIGN

DATA VERIFICATION

INTRODUCTION

As described in the Procedures Section, the purpose of this calculation package is to design
the OSDF surface-water management (SWM) structures to be constructed as part of the Phase IV
development of the OSDFE. In addition, the adequacy of existing SWM structures to convey the
25-year, 24-hour storm event is assessed. Required modifications or additions to existing
structures are incorporated into the Construction Drawings. This section presents the selection of

parameters used to perform analyses in the Calculation Section of this calculation package.

HYDROLOGIC AND BASIN ROUTING ANALYSES [HydroCadTM, 2001]

Subcatchment Runoff
For the OSDF Design Scenario, Design Case “A”, and Design Case “B”, the relationships of

subcatchments and reaches are shown in the nodal network diagrams presented in Alttachment A-

8.

Rainfall Distribution _

A SCS Type HII Rainfall Distribution is selected for the Fernald site location.. Attachment B-
1 shows the location of the OSDF on a rainfall distribution map of the United States [SCS,
1986]. |

Rainfall Depth
Attachment B-2 [Parsons, 1995] provides rainfall depths for design storms of 24-hour

duration for the Fernald site. The rainfall depths for use in these analyses are listed below.

F0130083 8/24/200 | A=

000088
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Written by: Dana Mehlman (DBM) Date:_8/24/2001 Reviewed by: Date:
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Return Period Rainfall Depth
(years) ' (inches)
2 2.6

10 . 4.1

25 4.7

100 5.6

Runoff curve numbers
Subcatchment characteristics including total area and data for calculation of weighted CN
are tabulated in Attachment B-3. Data includes the percentage of subcatchment area for

combinations of HSG, CN, and land use for each subcatchment.

Subcatchment Time of Concentration
Subcatchment characteristics for calculation of time of concentration are tabulated in

Attachment B-4. Parameters include those for sheet, shallow concentrated, and channel flow.

Reaches
Channels

For the purpose of hydrologic modeling, the Manning’s roughness coefficient for all
channels, both grass and riprap (permanent channels along OSDF perimeter) lined, is selected as
0.030. Similarly, representative average geometric characteristics (i.e., sideslopes, width,
longitudinal slope) were selected. Data for additional channel parameters are tabulated in

Attachment B-5.

Culverts

The Manning’s roughness coefficient for CMP culverts is selected as 0.024.

FO130083 , 8/24/2001 Aa—
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Sedi ion Basi
’ Planimetered areas within contour elevation lines (for calculation of the stage-storage
relationship) are presented in Attachment B-7. Coefficients for principal and emergency

spillways are selected as follows and input into the HydroCADTM models.
Principal Spillway Riser Pipes

e Discharge coefficient for orifice flow, C = 0.60
Principal Spillway Outlet Pipes

e Manning’s roughness coefficient, n =0.024 (for CMP)
e Entrance energy loss coefficient, Ke = 0.7
e Contraction coefficient, Cc =0.9

w

OSDF Basin 1 Emergency Spillway |

e Type, shape = broad crested weir, rectangular (approximation)
e Weir coefficient (English units), C = 3.0 [Stahre and Urbonas, 1990]

Additional data concerning the size, shapes, and elevations of the principal and emergency

spillways are tabulated in Attachment B-8.

HYDRAULIC ANALYSES
Channels

Data for channel segments are obtained from the Construction Drawings and are presented in
Attachment B-5. The Manning’s roughness coefficient for all channels (grass-lined) is selected

as 0.030 [Chow, 1959].

Culverts

Input data for culverts includes: (i) physiéal characteristics; (ii) CulvertMaster® modeling
characteristics; and (iii) profile. Physical characteristics and profile data were obtained from the
following sources: (i) as-built drawings; (ii) inspection by GeoSyntec and Fluor Fernald
personnel; and (iil) existing maps showing topography and features. Available thickness of cover
for each culvert is obtained from the Construction Drawings and presented along with input data

for hydraulic analyses in Attachment B-6.
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ATTACHMENT B-1

SCS RAINFALL DISTRIBUTION TYPE
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ATTACHMENT B-2
RAINFALL DEPTHS
‘ N
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TABLE 1 - RAINFALL DEPTH FOR A GIVEN DURATION
(INCHES)
o
HYDRO-35 TP-40
S5MIN :| 15MIN | 60MIN || 2HOURS | 3HOURS | 6 HOURS | 12 HOURS |24 HOURS
2 0387 | 0739 | 1.223 1.408 1.54 1.848 2.2 éss o
5 049 | 0979 1.69 2.016 2.112 2.496 2.88 3.072
10 0564 | 1.139 1.99 2277 2.475 3.069 3.465 éo%«—
25 0.65 1.34 2.38 2.6 3.0 3.4 4.0 f—
50 0.72 1.49 2.67 3.0 3.25 3.9 42 5.2
* 100 0.78 1.64 2.95 3.3 3.6 4.1 5.0 69 «—
* 500 0.93 2.1 43 5.2 5.9 7.3 8.5 04 |
2000 1.2 2.6 5.8 7.2 8.2 10.2 12.0 13.0
10,000 1.4 3.4 8.2 10.5 12.0 155 18.0 19.2
100,000 1.9 5.0 133 17.7 20.8 27.4 31.8 33.4
DESIGN OF SMALL DAMS HMR-51

NOTE: Rainfall Points for 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the
500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix E)

* These Values are used on PH records for HEC-1.

Reference: Parsons, "2,000-Year Flood and Probable Maximum Flood Sitewide
Flood Plan Determination”, August 1995.
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SUBCATCHMENT AREA
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SUBCATCHMENT AREA AND HYDROCAD™ INPUT PARAMETERS FOR THE CALCULATION OF

WEIGHTED CN
OSDF Design Scenario
Subcatchment Area Percent HSG Land Use CN Weighted
Label of Total Area Category CN
(acres) %

A 2.05 - 100% B/C Vegetated Final Cover System 83
=
B 1.10 100% B/C Vegetated Final Cover System 83 '%
(]
c 4.56 100% B/C Unvegetated Final Cover System 89 8
[}
=
D 2.59 100% B/C Unvegetated Final Cover System 89 3
(3]
*)
E 1.30 100% B/C Unvegetated Final Cover System 89 =
~ 5
F 1.44 100% B/C Unvegetated Final Cover System 89 §
&
. o
G 1.75 100% C Disturbed Area - Construction Support 82 B
L
=}
H 1.78 100% C Disturbed Area - Construction Support 82 ;‘:
2.16 78% B/C Liner Runout 89 "é
1 22% C Disturbed Area - Construction Support 82" =
%
J 0.49 100% C Disturbed Area - Construction Support 82 >
=
o
K 0.17 100% C Disturbed Area - Construction Support 82 -.2
Q
L 0.14 100% C Disturbed Area - Construction Support 82 =

M 1.62 100% N/A Sedimentation Basin 98

N/A - Not Applicable

B attachments final/B3 OSDF
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. SUBCATCHMENT AREA AND HYDROCAD™ INPUT PARAMETERS FOR THE CALCULATION OF
: WEIGHTED CN
Design Case "A"'

Subcatchment Area Percent HSG Land Use CN Weighted .
Label of Total Area . Category CN
(acres) %
A 0.63 100% c Runon Area East of OSDF 79 88
-_— )
. = Q
B 4.00 50% B Runon Area East of OSDF 69 Z g
50% C Runon Area East of OSDF 79 25
o83
o 2
C 8.86 60% B Runon Area East of OSDF 69 s 8
40% C Runon Area East of OSDF 79 -
S s
ER]
D 0.77 100% B/C Unvegetated Final Cover System 89 273
0 e 2
g
E 9.12 70% B Runon Area East of OSDF 69 =3
30% C Runon Area East of OSDF 79
/

000098
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SUBCATCHMENT AREA AND HYDROCAD™ INPUT PARAMETERS FOR THE CALCULATION OF

WEIGHTED CN
Design Case "B

Subcatchment Area Percent HSG Land Use CN Weighted
Label of Total Area Category CN
(acres) %o
2
A 11.09 80% B Runon Area East of OSDF 69 8
20% C Runon Area East of OSDF 79 3
=
B 10.61 70% B Runon Area East of OSDF 69 =3
30% C Runon Area East of OSDF 79 = g
=1
<
c 0.1 100% c Runon Area East of OSDF 79 53
- &
S0
D 1.90 10% B Runon Area East of OSDF 69 T2
90% C Runon Area East of OSDF 79 £
2
E 5.61 50% B Runon Area East of OSDF 69 8
50% C Runon Area East of OSDF 79 5

B attachments final/B83 DC B
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DATA FOR CALCULATION OF TIME OF CONCENTRATION
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HYDROCAD™ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION

OSDF DESIGN SCENARIO
2-year, 24-hr Design Rainfall Depth, Py.ae : inches
SUBCATCHMENT LABEL SHEET FLOW 1 SHEET FLOW 2 SHEET FLOW 3 SHALLOW CONCENTRATED FLOW CHANNEL FLOW 1

No. Description .

A cell ane vegetated cover 90 grass: short 0.150 0.0500 60 grass: shont 0.150 0.1000 150 . grass: short 0.150 0.1700 70 UNPAVED 0.1700 - - - - R -

B cell one vegetated cover 50 grass: short 0.150 0.1800 - - - - - - - - - - - 450 0 1.02 6.0,3.0 0.030 0.0045
C unvegetated cell two cover 90 smooth “o011 0.0500 60 smooth 0.011 0.1000 150 smooth 0.011 0.1700 140 UNPAVED 0.1700 380 0 1.02 6.0.4.0 . 0.030 0.0045
D cell three 55 smoath 0.011 0.1540 160 smooth 001t 0.0687 - - - - - - - 260 0 1.29 50,3.0 0.030 0.0045
E cell four 135 smooth 0.011 0.1148 - - - - - - - - - - - 320 0 1.59 40,30 0.030 0.0050
F cell five 130 smooth 0.011 0.0769 < - - - - - - - - - - 360 0 1.65 40,30 0.030 0.0050
G development area 120 grass: short 0.150 0.0100 100 grass: short 0.150 0.0500 20 grass: short 0.150 0.2000 - - - - - - - - -

H development area 30 grass: short 0.150 0.0100 85 grass: short 0.150 0.0500 45 grass: short 0.150 0.2000 - - - - - - - - -

1 liner runout 70 smooth 0.011 0.1428 70 smooth 0011 0.0142 - - - - - - - 580 0 2.00 30,30 0.030 0.0100
J development area 45 grass: short 0.150 0.5000 IS grass: short 0.150 0.0100 - - - - - - - 70 0.32 3.0,3.0 0.030 0.0160
K development area 110 grass: short 0.150 0.0100 - - - - - - - - - - - - - - - - -

L development area 130 grass: short 0.150 0.0100 - - - - - - - - - - - - - - - - -

M sedimeatation basin - - - - - - - - - - - - - - - - - - - - -

8 attachments final/B4 OSOF
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HYDROCAD INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION
DESIGN CASE "A"
2-year, 24-hr Design Rainfall Depth, P, 5, = 2.60 inches
SUBCATCHMENT LABEL SHEET FLOW 1 SHALLOW CONCENTRATED FLOW CHANNEL FLOW 1
AND DESCRIPTION Flow L h Land Sl Surf: Land Sl Flow Length { Bottom Width Sidesl Longitudinal
ow Lengtl . -, and Slope urface and Slope ow Leng ottom Wi ideslopes - ongitudina
(fy  |Surface Description Manning'sn | e * - |Flow Length () pyo oo iniion (fUft) (ft) (f0) Flow Depth (f) | ) Manning's 0 | g1ope (fuf)
No. Description
A Runon East of OSDF 80 grass: short 0.150 0.0800 - - - 350 0 1.50 3.0,5.0 0.030 0.0040
B Runon East of OSDF 300 grass: short 0.150 0.0070 100 UNPAVED 0.0200 600 0 2.00 3.0,5.0 0.030 0.0070
C Runon East of OSDF 300 grass: short 0.150 0.0120 520 UNPAVED 0.0120 330 0 2.00 50,40 0.030 0.0110
D Unvegetated Final Cover 20 smooth 0.011 0.2000 - - - 750 0 2.00 3.0,30 0.030 0.0100
E Runon East of OSDF 300 grass: short 0.150 0.0150 1110 UNPAVED 0.0150 | - - - - - -
000102
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HYDROCAD™ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF

CONCENTRATION
DESIGN CASE "B"

2-year, 24-hr Design Rainfall Depth, P, 54 =

2.60

inches

4014

SUBCATCHMENT LABEL SHEET FLOW 1 SHALLOW CONCENTRATED FLOW
AND DESCRIPTION
Flow (fL;“gth Surface Description| Manning’s n La‘zg U?:)O P€ 1 Flow Length (ft) Dess'lrrfi;ifon L‘“E‘fi U?:)Opc
No. Description
A Runon East of OSDF 300 grass: short 0.150 0.0150 990 UNPAVED 0.0150
"B Runon East of OSDF 300 grass: short 0.150 0.0180 390 UNPAVED 0.0180
C Runon East of OSDF 300 grass: short 0.150 0.0200 160, UNPAVED 0.0200
D Runon East of OSDF 300 grass: short 0.150 0.0230 320 UNPAVED 0.0230
E Runon East of OSDF 300 grass: short 0.150 0.0400 510 UNPAVED 0.0180

0

ft}

‘\.J
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ATTACHMENT B-5
CHANNEL INPUT DATA
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SUMMARY OF CHANNEL INPUT DATA

Channe) identification Channel Characieristics Hydrologic Calculati Hydrauiic Calculali
Channet Design Section Available [ Longitudinal] Manning | Bowom | Side Side | HydroCADD| HydroCAD | Arcaof | Perimeter| Hydraulic | Peak Flow | Estimated Chaanel | puax plow|  Lining
Name'" Status Scenario Shape Flow Stope® n Width | Slope | Slope | Node ™ Q Flow P Radivs,R |  Depth Q Freehoard | Velocity Type
Depth (f1) (%) B(fy M, M;:1 (cfs) A(sq 1) (D)) (i) Y (1) (cfs) (18] (ps)
Gb new OSDF. vee 3 1.39% 0.030 4 3 3 6
1. new OSDF vee 2 100% | 0030 0 3 3 NiA
) new OSDF vee 2 180% 0030 0 3 3 NiA Intenuonally left blank. Will be addressed in the calculation section.
R new 0osbr vee 3 1.60% 0.030 0 3 3 8
9 new osbr vee 4 1.47% 0.030 0 3 3 9
in new [eN12)) vee 3 147% 0.030 0 3 3 10
1A existing DCA vee 16 0.37% 0.030 0 6 4 1
1B existing DC A vee 2.3 0.67% 0.030 0 5 3 I
1c existing DCA vee 2 0.45% 0.030 0 4 2 |
1D existing DCA vee 28 0.81% 0.030 0 4 2 1l -
2A cxisling pCa vee 4 0.67% 0.030 0 6 3 2 Inteationally teft blank. Wit be addressed in the caleulation section,
28 existing DCA vee 3 1.00% 0.030 0 4 5 2
2¢ existing DCA vee 4 1.50% 0.030 0 4 5 2
K] new DCA vee 3 2.11% 0.030 [ 3 3 3
4 new DC A vee 2.5 0.52% 0.030 0 3 3 4

I. Channels arc named afier the corresponding subcatchment or reach,
2. Longitudinal slopes taken (rom the Drawings,

3, N/A Indicates that there is not specific HydroCAD node associated with the particular chaanel.

S0T000
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CULVERT LOCATIONS AND INPUT DATA

F0130083 : 000106 8/24/20015—"‘—:‘-



- | | | 3.97/90‘;!'
-4014

' SUMMARY OF CULVERT DESIGN PARAMETERS ) .
N - ;
CULVERT CULVERTMASTER® MODELING : : . : .
IDENTIFICATION PHYSICAL CHARACTERISTICS OF CULVERT CULVERT PROFILE CHARACTERISTICS . HYDRAULIC CAPACITY STRUCTURAL CAPACITY OUTLET PROTECTION
Calenlated
Outld RydroCad Calculated Mintoom Riprsp Riprs)
Entrance Loss Nomber of Indet Invert Overtopping Entrance Loss Nomber of Tallwater Hesdwater . Ovtlet P P
Cudvest | - " Design A . Entrance ) Approximate Son Invert Shope n rts - Node for Calkcubaled K Hesdwater Depth §  Avallable | Design Trafic | Required | StroctorsBy . Length at | Length a1 g
Name Status - Scenarto Material - Type Cot(mdcﬂxt) Manning's n Contiguration™ Oﬂ'ﬂ’";' Leogh (M) D”I;SL ) n Elevation |* un Btv;;;:n) n Entrance Configuration Coe(::;'b‘ Culves S Peak Flow | Freeboard i) Ekmvauon) n chplb lnkl(n Ootiet Control | Cover (M) Type Cover Stable Velocity et Outlet ey [Thickness (ko)
Diame (h MSL) Dlazete Rate  (cfs) “""M"SL) (AMSL) @ (fss) " sy
1 pew OSDF CMP 09 0.024 Projecting 1 - 36 inch 96.1 594.00 592.66 0.004 597.85 Projecting 09 1-36inch 5
2 new ¥ OSDF cMP 09 0.024 Projecting 2- 42 inch 90.0 583.4 581.89 | 0.004 587.00 Projecting 0.9 2-42inch ]
3 new OSDF CMP 0.9 0.024 Projecting 1-12inch 740 586.50 58532 ] 0.016 588.00 Projecting 0.9 1-12inch 2 Intentionally left blank. Will be addressed in the calculation section.
4 pew OSDF CMP 0.9 0.024 Projecting 1- 36 inch - 955 589.2 587.89 | 0.014 | 59350 _Projeciing 09 1-36inch NA .
s ew OSDF oMp 0.9 0024 Projecting )- 42 inch 55.0 58439 s83.63 | 0.014 590.00 Projociing 09 1-42inch NA i | i I I | ] | I I T I
T ] sew | pca | CMP | 09 | 0024 |  Projecing ] V-36imch | 700 [ swoo | soss0 Jooun ]| eos | Projecting [ oo [ v-36inh | Na 1 Inteotionally I blak. Will be addressed in the calcolation secton.
) new DCB cMP 09 0.024 Projecting 1 - 24 inch 50.0 sos00 | sors0 Joow]  so00 Projecting 0.9 1 - 24 inch 1 I i ] | I I ] ] ] I I |
2 new DCB CMP 09 0.024 Projecting 1 - 24 inch 500 596.00 59550 | 0.010 600.00 Projecting 09 1- 24 inch 2 . to
3 pew DCB CMP 0.9 0.024 Projeciing 1- 12 inch 50.0 590.50 590,00 ] 0.010 593.50 Projeqiing 0.9 (1-Rinch 3 Intentionally Jeft blank. Wil be addressed in the caloulation section.
4 new DCB CMP 09 0.024 Projecting - 1 - 18 inch 50.0 59250 592.00 | 0.010 59575 - - - Projecing 09 1-18inch 4 . .
5 new DC B o 09 0.024 Projecting 1-24 ich 50.0 599.00 59850 | 0.010 |  603.00 Projecting * 09 1-24 inch 5 I | . 1 1 [ I | | | ] [ I
- OSDF = OSDF Design Scenario Notes .
- DC A = Design Case “A” : 1)) New indicates a new culvert 16 be instalied. )
- DC B = Design Case "B~ {2) Envance configoration assumed. .
- CMP = Cosragated Mesal Pipets) {3) Di jons and entrance i mhmmmmummmmmmmmmmwsmnmm
- N/A = Not Applicable . (O)Cﬂmlhwhsnndn-pmdhmwm
- 8 = Average panticie diamesey ’

- 000107
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BASIN ELEVATION CONTOURS DATA

F0130083 000108 8/24/20015



B attachments final/B7

4014

STAGE-STORAGE INPUT DATA FOR SEDIMENTATION BASIN

OSDF BASIN 1
Elevation Planimetered Area
{ft MSL) (acres)

581.0 0.148
582.0 0.972
583.0 1.124
584.0 1.217
585.0 1.318
586.0 1.407
587.0 1.494
588.0 1.563

[
i
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BASIN OUTLET STRUCTURE DATA

)
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OSDF BASIN 1 ROUTING INPUT DATA

ITEM OSDF BASIN 1
: DESCRIPTION PARAMETER VALUE
IN UNITS SHOWN

- -

= ; Riser Pipe[| Twin 48" CMP = 585.75
B =
2= &

g5 Outlet Pipejl Twin 36" CMP g 580.0
- -

EMERGENCY SPILLWAY 80’ wide < 586.5
trapezoidal channel ;
[

EMBANKMENT 40’ wideé top width ~ 588.0
3

AVAILABLE STORAGE  {|To primary spillway = 5.0
VOLUME (TO RISER INLET) riser pipe inlet = ’

3
S
>
g

SUBCATCHMENT Drainage area ::’ 21.15
=
<

TTT000
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PHASE IV SURF ACE-WATER MANAGEMENT SYSTEM DESIGN

CALCULATIONS

INTRODUCTION

As described in the Procedures Section, the purpose of this calculation package is to design
the OSDF surface-water management (SWM) structures to be constructed as part of the Phase IV
development of the OSDF. In addition, the adequacy of existing SWM structures is assessed.
Required modifications or additions to existing structures are incorporated into the Construction
Drawings and this calculation package. This section presents calculations based on procedures

and data presénted in the Procedures and Data Verification Sections of this calculation package.
HYDROLOGIC AND BASIN ROUTING ANALYSES

Hydrologic analyses are completed for the OSDF Design Scenario, Design Case “A”, and |
Design Case “B”, and a nodal network is prepared. For the OSDF Design Scenario nodal
network, HydroCADTM runs are performed for the 10-year, 25-year, and 100-year, 24-hour storm
events. For the Design Case “A” nodal network, a HydroCAD™ run is performed for the 25-
year, 24-hour storm event. For the Design Case “B” nodal network, a HydroCAD™ run is
performed for the 25-year, 24-hour storm event. In total, 5 runs are performed. HydroCADm
output reports for these runs are presented in Attachments C-1A, C-1B, and C-1C for the OSDF

Design Scenario , Design Case “A”, and Design Case “B”, respectively.

Subcatchment Runoff

Runoff curve numbers

Weighted runoff curve numbers are calculated using a spreadsheet. Results are presented in
Attachment C-2. An example calculation is provided in the same attachment. The calculated

weighted runoff curve numbers are input directly to HydroCADTM.

000112 2
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HYDRAULIC ANALYSES

Calculation parameters obtained from HydroCADTM for use in design include the following.
P 8

o For channels: 25-year, 24-hour peak flow rates (cfs).

o For culverts: 25-year, 24-hour peak flow rates (cfs), and 25-year, 24-hour peak water
elevation (ft MSL) at the basin into which a culvert discharges.

e For the OSDF Basin 1. 25-year and 100-year, 24-hour peak water elevations (ft
MSL), and 10-year, 24-hour runoff volumes (acre-ft).

Channels
Hydraulic Capacity

For each new channel, peak flow depths are calculated using a computer spreadsheet. The
peak flow depth is subtracted from the minimum‘available depth (from Construction Drawings)
to obtain the minimum available freeboard. A computer spreadsheet is presented in Attachment
C-3 that includes minimum available freeboard and example calculations for the computations
performed in the spreadsheets. For new channels, the minimum available freeboard is equal or

greater than 0.5 ft.

Lining
For each new channel, peak flow velocity is calculated using a computer spreadsheet. Peak
flow velocities and channel linings are presented for each new channel, in Attachment C-3. All

new channels are grass-lined channels and have maximum flow velocities less than 5 fps.

Culverts

Hydraulic Capacity
For each culvert, peak flow rates are obtained from HydroCAD™ output. Based on peak
flow rates and culvert input data, CulvertMaster® is used to calculate headwater elevations for

inlet and outlet control conditions. CulvertMaster® output summary sheets are presented in

F0130083 000113 8/24/20015
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Attachment C-4A. Calculated headwater elevations and overtopping elevations are tabulated and

presented in Attachment C-4B.

For all new culverts, the overtopping elevation exceeds the maximum calculated headwater w

elevation by at least 0.5 feet.

Qutlet Protection
For each new culvert, recommendations for outlet protection, based on gdidelines described

in the Procedure Section of this calculation package, are presented in Attachment C-4B.

Structural Stability
For each new CMP culvert, minimum required and available cover are tabulated and
presented in Attachment C-4B. For all four new CMP culverts, the available cover exceeds the

minimum required. Calculations are provided in Attachment C-4B.

Sedi ion Rasi
OSDF Basin 1

The required storage volume based on the 10-year, 24-hour storm event is obtained from
HydroCADTM output. In addition, the required storage based on total upstream drainége area is
calculated (an example calculation is provided iﬁ Attachment C-5). The available storage
volume exceeds both of the required storage volumes. Analysis results are tabulated and

presented in Attachment C-5.

The peak water elevations for the 25-year and 100-year storm events are obtained from
HydroCAD™ output. The peak water elevation for the 25-year storm event is below the
elevation of the emergency spillway, and the peak water elevation for the 100-year storm allows
for more than 1 ft of freeboard to the minimum embankment crest elevation. Analysis results are

tabulated and presented in Attachment C-5.

¢ S—
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Pond 1P: sedimentation basin 1
Inflow = 40.69 cfs @ 12.02 hrs, Volume= 4.834 af
Outflow = 0.00cfs @ 0.00 hrs, Volume= 0.000 af, Atten=100%, Lag= 0.0 min
Primary = 0.00cfs @ 0.00 hrs, Volume= 0.000 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs

Peak Elev=585.62" Storage= 4.831 af
Plug-Flow detention time= (not calculated)

- Storage and wetted areas determined by Conic sections

Elevation Surf.Area Inc.Store Cum.Store Wet.Area
(feet) (acres) (acre-feet) (acre-feet) (acres)
581.00 0.148 0.000 0.000 0.148
582.00 0.972 0.500 0.500 0.972
583.00 1.124 1.047 1.547 1.125
584.00 1.217 1.170 2717 1.220
585.00 1.318 1.267 3.984 1.323
586.00 1.407 1.362 5.346 1.414
6587.00 1.494 © 1.450 . B8.797 1.503
588.00 1.563 1.528 8.325 1.575

Primary OutFlow (Free Discharge)
2=Culvert
t_1=0rifice/Grate
3=Broad-Crested Rectangular Weir

Routing Invert Qutlet Devices

Device2  585.75 48.0" Horiz. Orifice/Grate X 2.00 Limited to weir flow C= 0.600
Primary 580.00° 36.0" x 61.0" long Culvert X 2.00 Ke= 0.700
Outlet Invert= 578.86° S=0.0187"7 n=0.024 Cc=0.900
3 Primary 586.50" 30.0’ long Broad-Crested Rectangular Weir
Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 500
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00

N =3

000118
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Type Il 24-hr F?a/nfa// =4. 70”

Prepared by GeoSyntec Consultants Page 2

HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Pond 1P: sedimentation basin 1

Hydrograph Plot

Flow (cfs)

— Inflow
— Primary

T T rrrrrrrrrrrres "Tt—rux 1-;1(11'-—: r|

T
8 9 10 11 12 13 14 15 16 17 18 192021 222324
Time (hours)
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OSDF Design Scenario Type Il 24-hr Rainfali=4. 70"
Prepared by GeoSyntec Consultants _ Page 1
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Time span=0.00-24.00 hrs, dt=0.10 hrs, 241 points
Runoff by SCS TR-20 method, UH=SCS, Type il 24-hr Rainfall=4.70"
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment A: vegetated cover of cell one .
Te=17.3min CN=83 Area=2.049 ac Runoff= 6.85 cfs 0.495 af

Subcatchment B: vegetated cover of cell one A
Tc=6.2 min CN=83 Area=1.096 ac Runoff=5.05 cfs 0.265 af

Subcatchment C: unvegetated cover of cell 2
Tc=5.6 min CN=89 Area=4.562 ac Runoff= 25.22 cfs 1.325 af

Subcatchment D: unvegetated final cover system
Tc=3.4 min CN=89 Area=2.590 ac Runoff=15.18 cfs 0.752 af

Subcatchment E: unvegetated final cover system
Tc=2.6 min CN=89 Area=1.295ac Runoff=7.55cfs 0.376 af

Subcatchment F: unvegetated final cover system
Tc=3.0 min CN=89 Area=1.437 ac Runoff= 8.42 cfs 0.417 ai

Subcatchment G: construction support area
Tc=25.3min CN=82 Area=1.751 ac Runoff= 4.70 cfs 0.408 af

Subcatchment H: construction support area
Tc=14.4 min CN=82 Area=1.780 ac Runoff=6.37 cfs 0.416 af

Subcatchment I: liner runout/construction support area
Tc=3.7 min CN=87 Area=2.164 ac Runoff= 12.11 cfs 0.592 af

Subcatchment J: construction support area
Tc=18.3min CN=82 Area=0.491 ac Runoff=1.55cfs 0.115 af

Subcatchment K: construction support area
Tc=155min CN=82 Area=0.171 ac Runoff=0.59 cfs 0.040 af

Subcatchment L: construction support area :
Tc=17.7 min CN=82 Area=0.142 ac Runoff= 0.45cfs 0.033 af

Subcatchment M: direct runon into pond
Te=1.0min CN=98 Area=1.623 ac Runoff=9.98 cfs 0.604 af

Reach 1: east channel - Inflow= 10.08 cfs 0.760 af
Length=400.0' Max Vel= 2.0 fps Capacity= 754.76 cfs Outflow= 9.31 cfs 0.757 af

Reach 2: east channel Inflow= 30.65 cfs 2.082 af
Length=575.0' Max Vel=2.8 fps Capacity= 1,206.56 cfs Outflow= 25.80 cfs 2.075 af

000121
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Prepared by GeoSyntec Consultants Page 2
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" Reach 3: east channel ) Inflow= 33.88 cfs 2.828 af
- Length=375.0' Max Vel= 3.1 fps Capacity= 1,565.76 cfs Outflow= 31.60 cfs 2.823 af

Reach 4: east channel Inflow= 33.67 cfs 3.199 af
Length=475.0' Max Vel= 3.1 fps Capacity= 1,565.32 cfs Outflow= 32.55 cfs 3.192 af

Reach 5: CMP culvert Inflow=34.14 cfs 3.609 af
Length=96.1' Max Vel=5.4 fps Capacity= 541.77 cfs Outflow= 34.26 cfs 3.608 af

Reach 6: south east channel Inflow= 34.26 cfs 3.608 af
Length= 640.0' Max Vel= 4.7 fps Capacity= 199.53 c¢fs Outflow= 33.64 cfs 3.601 af

Reach 7: CMP culvert Inflow= 1.55cfs 0.115 af
Length=74.0' Max Vel=2.2 fps Capacnty_ 579.36 cfs Outflow= 153 cfs 0.115 af

Reach 8: channel .Inflow= 153 cfs 0.115 af
Length=90.0' Max Vel=2.3 fps Capacity= 214.02 cfs Outflow= 1.51 cfs 0.115 af

Reach 9: channel . inflow=12.11 cfs 0.592 af
Length= 60.0' Max Vel= 3.7 fps Capacity=441.30 ¢fs Outflow= 11.80 cfs 0.592 af

Reach 10: channel Inflow= 12.84 cfs 0.747 af
Length=60.0' Max Vel= 3.8 fps Capacity= 204.91 cfs Outflow= 12.51 cfs 0.747 af

Reach 11: CMP culvert inflow=49.39 cfs 5.205 af
Length= 90.0' Max Vel=5.1 fps Capacity= 432.56 cfs Outflow= 49.32 cfs 5.204 af

Pond 1P: sedimentation basin 1 Peak Storage= 5.100 af Inflow=50.18 cfs 5.808 af
Primary= 1.59 cts 0.736 af Outflow= 1.59 cfs 0.736 af

000122
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OSDF Design Scenario Type Il 24-hr Rainfall=4. 70"
Prepared by GeoSyntec Consultants Page 3
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment A; vegetated cover of cell one

Runoff = 6.85cfs @ 12.04 hrs, Volume= 0.495 af

Runoff by SCS TR-20 method, UH=SCS, Time Span— 0.00-24.00 hrs, dt=0.10 hrs
Type Il 24-hr Rainfall=4.70"

Area (ac) CN Description
2.049 83

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

6.9 90 0.0500 0.2 Sheet Flow,
: Grass: Short n=0.150 P2=2.60"
3.8 60 0.1000 0.3 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
6.4 150 0.1700 04 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
0.2 70 01700 6.6 Shallow Concentrated Flow,

Unpaved Kv=16.1fps

17.3 370 Total

Subcatchment A: vegetated cover of cell one
Hydrograph Plot

Flow (cfs)
-9
i

t

aaaresac e T AR e R L e RARE? AL R ARARRRRETT
0 1+ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 222324
, Time (hours)
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OSDF Design Scenario Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 4
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems v 8/23/2001

Subcatchment B: vegetated cover of cell one

Runoff = 505cfs @ 11.91 hrs, Volume= 0.265 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type 1l 24-hr Rainfall=4.70"

Area (ac) CN Description
1.096 83

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fufty  (fsec) (cis)

2.6 50 0.1800 03 Sheet Flow,
Grass: Short n=0.150 P2=2.60"

3.6 450 0.0045 2.1 9.75 Trap/Vee/Rect Channel Flow,
y Bot.W=0.00" D=1.02' Z=6.0 & 3.0’/ n=0.030

6.2 500 Total

Subcatchment B: vegetated cover of cell one
Hydrograph Plot

i C[sosals] - . o - | [z Runoti}
+ R e
| D
5 3}-- Bt - - ~ -
E | : :
o 1 : ;
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0 2 3 4 S 6 7 8'910 11 12 13 14 15 16 17 18 1920 21 22 23 24

Time (hours)
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Type Il 24-hr Rainfali=4.70"

Prepared by GeoSyntec Consultants Page 5
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Runoff

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt=0.10 hrs

2522 cfs @ 11.90 hrs, Volume= 1.325 af

Subcatchment C: unvegetated cover of cell 2

Type Il 24-hr Rainfall=4.70"

Area (ac)

CN  Description

4.562

Tc Length

{min)

(feet)

89

Slope
(ft/ft)

Velocity Capacity Description
(ft/sec) (cfs)

09
05
0.8
04

3.0

90

60

150

140

380

0.0500
0.1000
0.1700
0.1700

0.0045

1.8 Sheet Flow,
Smooth surfaces n=0.011 P2=2.60"
2.1 Sheet Flow,
Smooth surfaces n=0.011 P2=2.60"
3.2 Sheet Flow,
. Smooth surfaces n=0.011 P2=2.60"
6.6 Shallow Concentrated Flow,
Unpaved Kv= 16.1 fps , '
21 10.88 Trap/Vee/Rect Channel Flow,
Bot.W=0.00" D=1.02' Z=6.0 & 4.0’/ n=0.030

5.6

820

Total

Subcatchment C: unvegetated cover of cell 2
Hydrograph Plot

Flow (cfs)

18’3 e ot T Syt Ay TS St AV ST

R RIS aaad aaass s Shak s s s e e
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Time (hours)

000125



4014

OSDF Design Scenario Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 6
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment D: unvegetated final cover system

Runoff = 15.18cfs @ 11.88 hrs, Volume= 0.752 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type Il 24-hr Rainfali=4.70"

Area (ac) CN Description
2590 89

Tc Léngth Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

0.4 55 0.1540 2.5 Sheet Flow,

Smooth surfaces n=0.011 P2=2.60"
1.2 160 0.0687 2.2 Sheet Flow,

Smooth surfaces n=0. 011 pP2=2.60"
1.8 260 0.0045 2.4 16.16 Trap/Vee/Rect Channel Flow,

Bot.W=0.00' D=1.29' Z=5.0& 3.0’/ n=0.030

3.4 475 Total

Subcatchment D: unvegetated final cover system

Hydrograph Plot

Flow (cfs)

M A L s L AR ARAMITAmroLt o
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)
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OSDF Design Scenario

Prepared by GeoSyntec Consultants
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems

Subcatchment E: unvegetated final cover system

Runoff = 7.55cfs @ 11.87 hrs, Volume= 0.376 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type Il 24-hr Rainfall=4.70"

Area(ac) CN Description

1.295 89
Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
0.8 135 0.1148 26 Sheet Flow,
' Smooth surfaces n=0.011 P2=2.60"
1.8 320 0.0050 29 25.90 Trap/Vee/Rect Channel Flow,
Bot.W=0.00' D=1.59' Z=4.0 & 3.0/ n=0.030
2.6 455 Total

Subcatchment E: unrvegetated final cover system

Flow (cfs)

Hydrograph Plot

B

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)

5 6 7 8 9
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Subcatchment F: unvegetated final cover system

Runoff = 8.42 cfs @ 11.88 hrs, Volume= 0.417 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type ll 24-hr Rainfal{=4.70"

Area (ac) CN Description
1437 89

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)

1.0 130 0.0769 2.2 Sheet Flow,
Smooth surfaces n=0.011 P2=2.60"
2.0 360 0.0050 3.0 28.59 Trap/Vee/Rect Channel Flow,

Bot.W=0.00" D=1.65' Z=4.0& 3.0’/ n=0.030

3.0 490 Total

Subcatchment F: unvegetated final cover system

Hydrograph Plot

Bt T St T S U AUV U A S S NUY L Ut @ [ U TN AU SO SRS STV OO SO SRS RO R

Flow (cfs)
[3,]
!

0 1t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)
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Prepared by GeoSyntec Consultants Page 9
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

" Subcatchment G: construction support area

Runoft = 470 cfs @ 12.14 hrs, Volume= 0.408 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type Il 24-hr Rainfall=4.70"

Area (ac) CN Description
1.751 82

Tc Length Slope Velocity Capacity Description
_(min)  (feet) (fuft)  (ft/sec) {cfs)

16.6 120 0.0100 0.1 Sheet Flow,
Grass: Short n=0.150 P2=2.60"

7.5 100 0.0500 0.2 Sheet Flow,
Grass: Short n=0.150 P2=2.60"

1.2 20 0.2000 0.3 Sheet Flow,

Grass: Short n=0.150 P2=2.60"

25.3 240 Total

Subcatchment G: construction support area
Hydrograph Plot

s-1 - [:—_—] Y B R e R T CETCET RS Ay Sy _m
1 . e
1 : : : H i ' i H : : :
1 :
43 - L ~ - PR,
]
&2 3—1”' - Bl r
K3 : :
z 4
o R
w y
24 A
1+
)
1
O B e o AR s saay e~ I AR S S SRS M A SO

0 1. 2 3 4 5 6 7 8 9101112131415161718192021222324
Time (hours)
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Subcatchment H: construction support area
Runoff = 6.37 cfs @ 12.01 hrs, Volume= 0.416 af
Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt=0.10 hrs
Type Il 24-hr Rainfali=4.70"
Area (ac) CN  Description
1780 82
Tc Length Slope Velocity Capacity Description
(min) _ (feel) (futy  (f/sec) (cfs)
5.5 30 0.0100 0.1 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
6.6 85 0.0500 02 Sheet Flow, :
Grass: Short n=0.150 P2=2.60"
2.3 45 0.2000 0.3 Sheet Flow,
' Grass: Short _n=0.150 P2=2.60"
14.4. 160 Total
Subcatchment H: construction support area
Hydrograph Plot ‘
: el | [
Gi ) : H : H : : . :
] H
7 4 .
< ]
z
o ]
o 3-:} - -
2. -
.{
1
C“ "’ﬁm'r'*";*‘"i“";f"ﬂ"”f‘rﬂ--{v”i- o D Tt 2 BARA2 aaraz L L ABARE AARAS LASLE RALAS O

0 1t 2 3 4 5 6 7 8 910111213141516‘718192021222324
Time (hours)
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Prepared by GeoSyntec Consultants Page 11
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment I: liner runout/construction support area

Runoff = 1211 cts @ 11.88 hrs, Volume= 0.592 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type Il 24-hr Rainfali=4.70"

Area (ac) CN Description
2.164 87

Tc Length Slope Velocity Capacity Description
{(min)  (feet) (ft/fty  (ft/sec) (cfs)

05 70 0.1428 2.5 Sheet Flow,

Smooth surfaces n=0.011 P2=2.60"
1.2 70 0.0142 1.0 Sheet Flow,

Smooth surfaces n=0.011 P2=2.60"
2.0 580 0.0100 48 57.39 Trap/Vee/Rect Channel Flow,

Bot.W=0.00" D=2.00' Z= 3.0’/ n=0.030

3.7 720 Total

Subcatchment I: liner runout/construction support area
Hydrograph Plot

134 - - o

Flow (cfs)
0
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Prepared by GeoSyntec Consultants Page 12
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Subcatchment J: construction support area

Runoff = 1.55¢cfs @ 12.06 hrs, Volume= 0.115 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Type Il 24-hr Rainfall=4.70"

Area (ac) CN Description
0.491 82

Tc Length Slope Velocity Capacity Description
_(min}  (feet) (f/ft)  (ft/sec) (cfs)

1.6 45 0.5000 0.5 Sheet Flow, ‘ :
- Grass: Short n=0.150 P2=2.60"
16.0 115 0.0100 0.1 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
0.7 70 0.0160 1.8 0.55 - Trap/Vee/Rect Channel Flow,

Bot.W=0.00' D=0.32' Z= 3.0/ n=0.030

18.3 230 Total

Subcatchment J: construction support area
Hydrograph Plot

D 1._..\.;.._ __ - X - - L - -
kS P :
- ;
ic
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Time (hours)
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Prepared by GeoSyntec Consultants Page 13
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Subcatchment K: construction support area

Runoff = 059 cfs @ 12.02 hrs, Volume= 0.040 af

Runoff by SCS TR-20 method, UH=SCS, Tlme Span= 0.00-24.00 hrs, dt= 0. 10 hrs
Type Il 24-hr Rainfall=4.70"

Area {ac) CN Description
0.171 82

Tc Length Slope Velocity Capacity Description
(min)  (feet) (tvft)  (ft/sec) (cfs)
15.5 110 0.0100 0.1 Sheet Flow,
Grass: Short n=0.150 P2=2.60"

Subcatchment K: construction support area

Hydrograph Plot
0.65__,- __~ .- - - . ‘..... - ,“ - -;_ _.‘,_ - _: B L. i ....,_vn.._‘-.._. - ..;t..._n;_,....;n,.w s EIC

i)

Flow (cfs)

(O ama i aa s e e o o g e e R S L
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OSDF Design Scenario Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 14
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment L: construction support area

Runoff = 0.45cfs @ 12.05 hrs, Volume= 0.033 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt=0.10 hrs
Type H 24-hr Rainfall=4.70"

Area (ac) CN Description
0.142 82

Tc Length Slope Velocity Capacity Description
(min)  (feet) (fUft)  (ft/sec) (cfs)
17.7 130 0.0100 0.1 Sheet Flow,
Grass: Short n—0150 P2=2.60"

Subcatchment L: construction support area
Hydrograph Plot
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HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems

Subcatchment M: direct runon into po'nd

Runoff =

9.98cfs @ 11.83 hrs, Volume=

0.604 af

Runoff by SCS TR-20 method, UH=SCS, Time Span# 0.00-24.00 hrs, dt=0.10 hrs

Type Il 24-hr Rainfall=4.70"

Area (ac) CN Description

1623 98

Tc Length Siope Velocity Capacity Description

{min} (feet) (ft/ft) (f/sec)

(cfs)

1.0

Direct Entry, direct runon into pond

Subcatchment M: direct runon into pond

‘ Hydrograph Plot
11 — - — ..-.._..i.___‘.._%__1..__..:‘..»i\._.m'_._.‘.......;A_-J_..;...,..‘;......;._-. - - -
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R ok SR EEEES SoC SR B S & o SR T SRT RS :
1.3._ .__ - - - - . -
T s s £ ok Ak AAALE Aaaz 2 on s et BUNEERE ST A T s e e S i Ak
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time (hours)

000135

toae



4014

N

OSDF Désign Scenario _ Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 16
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 1: east channel

inflow =  10.08cfs @ 11.97 hrs, Volume= 0.760 af
Outflow = 9.31cfs @ 12.08 hrs, Volume= 0.757 af, Atten= 8%, Lag= 6.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt=0.10 hrs
Max. Velocity= 2.0 fps, Min. Travel Time= 3.3 min
Avg. Velocity = 0.8 fps, Avg. Travel Time= 8.1 min

Peak Depth= 0.98’

Capacity at bank full= 754.76 cfs

0.00° x 5.00° deep channel, n=0.030 Length=400.0" Slope=0.0045"/
Side Slope Z-value=6.0 4.0’/

Reach 1: east channel

Hydrograph Plot

S S A R + [10.08¢cfs oo : : = Inflow
104 . — Outflow

“ [ 931 Cfs. PR U TR U U S : [ - .'. RN A

Flow (cfs)
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Prepared by GeoSyntec Consultants , Page 17
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Reach 2: east channel

inflow
Outflow

30.65cits @ 11.91 hrs, Volume= 2.082 af
25.80cfs @ 12.03 hrs, Volume= 2.075 af, Atten= 16%, Lag=6.8 min

Inn

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 2.8 fps, Min. Travel Time= 3.5 min
Avg. Velocity = 1.1 fps, Avg. Travel Time= 9.0 min

Peak Depth= 1.57
Capacity at bank full= 1,206.56 cfs
0.00' x 6.50' deep channel, n=0.030 Length=575.0' Slope= 0.0045"/
Side Slope Z-value=5.0 3.0/
Reach 2: east channel

Hydrograph Plot

~ Inflow
— Outflow

Flow (cfs)
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Reach 3: east channel
Inflow = 33.88cfs @ 11.93 hrs, Volume= 2.828 af
Qutflow = 31.60cfs @ 12.02 hrs, Volume= 2.823 af, Atten=7%, Lag= 5.0 min
Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 3.1 fps, Min. Travel Time= 2.0 min
Avg. Velocity = 1.2 fps, Avg. Travel Time= 5.0 min
Peak Depth= 1.73’
Capacity at bank full= 1,565.76 cfs
0.00' x 7.40’ deep channel, n=0.030 Length=375.0' Slope= 0.0050°7
Side Slope Z-value=4.0 3.0/
Reach 3: east channel
Hydrograph Plot
Fo -_33.8:3 v DS N S SR feeteeiee ] [Tinfiow
— Outflow

U lBteocts) I

Flow (cfs)
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: Time (hours) .
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OSDF Design Scenario Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 19
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Reach 4: east channel

Inflow = 3367 cfs @ 11.97 hrs, Volume= 3.199 af
Outflow = 3255cfs @ 12.06 hrs, Volume= 3.192 af, Atten=3%, Lag= 5.7 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 3.1 fps, Min. Travel Time= 2.5 min
Avg. Velocity = 1.3 fps, Avg. Travel Time= 6.2 min

Peak Depth= 1.76’

Capacity at bank full= 1,565.32 cfs ,

0.00" x 7.40" deep channel, n=0.030 Length=475.0"" Slope= 0.0050 '/
Side Slope Z-value=4.0 3.0/ \.

Reach 4: east channel
Hydrograph Plot

Inflow

..' Cieebehe e i e el | = Outttow

Flow (cfs)
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Reach 5: CMP cuivert
Inflow = 34.14 cfs @ 12.03 hrs, Volume= 3.609 af
Outflow = 34.26 cfs @ 12.03 hrs, Volume= 3.608 af, Atten= 0%, Lag= 0.2 min
'Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 5.4 fps, Min. Travel Time= 0.3 min
Avg. Velocity = 1.9 fps, Avg. Travel Time= 0.8 min
Peak Depth= 1.02’
Capacity at bank full= 541.77 cfs )
A factor of-2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=96.1" Slope=0.0139°/

Reach 5: CMP culvert

. Hydrograph Plot
38-F ——T SRR
1 - Inflow
— Outflow

Flow (cfs)
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Reach 6: south east channel

inflow = 3426 cfs @ 12.03 hrs, Volume= 3.608 af
Outflow = 3364 cfs @ 12.11 hrs, Volume= 3.601 af, Atten=2%, Lag= 4.6 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt=0.10 hrs
Max. Velocity= 4.7 fps, Min. Travel Time= 2.3 min
Avg. Velocity = 2.0 fps, Avg. Travel Time= 5.4 min

Peak Depth= 1.56’

Capacity at bank full= 199.53 cfs

0.00' x 3.00' deep channel, n=0.030 Length=640.0' Slope=0.0139"/
Side Slope Z-value= 3.0/

Reach 6: south east channel

Hydrograph Plot

— Inflow
— Outflow

Flow (cfs)

e L ik e na s atars o o e MRSHE A SUVNM SDE AU S SR SN USt: m
6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)

000141



4014

OSDF Design Scenario Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 22

HydroCAD® 5.97 - s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001
Reach 7: CMP culvert

1.55cfs @ 12.06 hrs, Volume= 0.115 af
1.53 cfs @ 12.08 hrs, Volume= 0.115 af, Atten=1%, Lag= 1.1 min

Inflow
Outflow

on

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 2.2 fps, Min. Travel Time= 0.6 min
Avg. Velocity = 1.0 fps, Avg. Travel Time= 1.3 min

Peak Depth= 0.23’

Capacity at bank full= 579.36 cfs

A factor of 2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=74.0' Slope=0.0159 "/

Reach 7: CMP culvert
Hydrograph Plot

— Inflow
— Outflow .

[y
i

Flow (cfs)
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Reach 8: channel
Inflow = 1.53 cfs @ 12.08 hrs, Volume= 0.115 af
Outflow = 1.51cfs @ 1210 hrs, Volume= - 0.115 af, Atten= 2%, Lag= 1.1 min
Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 2.3 fps, Min. Travel Time= 0.7 min
Avg. Velocity = 0.9 fps, Avg. Travel Time= 1.6 min
Peak Depth= 0.47
Capacity at bank full=214.02 cfs
0.00" x 3.00" deep.channel, n=0.030 Length=90.0' Slope=0.0160"/
Side Slope Z-value=3.0""
Reach 8: channel
Hydrograph Plot
Co : il
| 151 cfsf ” Sugz’;w

Flow (cfs)

7rv—r| T .r., T
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Reach 9: channel

Inflow = 12.11cfs @ 11.88 hrs, Volume= 0.592 af
Outflow = 11.80 cts @ 11.89 hrs, Volume= 0.592 af, Atten= 3%, Lag= 0.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 3.7 fps, Min. Travel Time= 0.3 min
Avg. Velocity = 1.3 fps, Avg. Travel Time= 0.8 min

Peak Depth= 1.04'
Capacity at bank full= 441.30 cfs
0.00" x 4.00° deep channel, n=0.030 Length=60.0" Slope=0.0147""
Side Slope Z-value=3.0"/
Reach 9: channel

Hydrograph Plot
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Reach 10: channel

Inflow = 12.84 cfs @ 11.89 hrs, Volume= 0.747 af 4
Outflow = 12.51 cfs @ 11.90 hrs, Volume= 0.747 af, Atten= 3%, Lag= 0.3 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs
Max. Velocity= 3.8 fps, Min. Travel Time= 0.3 min
Avg. Velocity = 1.4 fps, Avg. Travel Time= 0.7 min

Peak Depth= 1.06’
Capacity at bank full= 204.91 cfs
0.00" x 3.00' deep channel, n=0.030 Length=60.0' Slope=0.0147 "/
Side Slope Z-value= 3.0/
Reach 10: channel

Hydrograph Plot

- Inflow
— Qutflow

Flow (cfs)
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Prepared by GeoSyntec Consultants : Page 26
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Reach 11: CMP culvert

4939 cfs @ 12.03 hrs, Volume= 5.205 af
49,32 cfs @ 12.04 hrs, Volume= 5.204 af, Atten= 0%, Lag= 0.3 min

inflow
Qutflow

Routing by Stor-Ind+Trans method, Time Span: 0.00-24.00 hrs, di= 0.10 hrs
Max. Velocity= 5.1 fps, Min. Travel Time= 0.3 min
Avg. Velocity = 1.8 fps, Avg. Travel Time= 0.8 min

Peak Depth=1.37

Capacity at bank full= 432.56 cfs

A factor of 2:00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.030 Length=90.0' Slope=0.0139°/

Reach 11: CMP culvert
Hydrograph Plot
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Pond 1P: sedimentation basin 1

Inflow = 50.18 cfs @ 12.01 hrs, Volume= 5.808 af
Outflow = 159cfs @ 18.70 hrs, Volume= 0.736 af, Atten=97%, Lag= 401.5 min
Primary = 1.59cfs @ 18.70 hrs, Volume= 0.736 af

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs

Peak Elev= 585.82" Storage= 5.100 af
Plug-Flow detention time=626.6 min calculated for 0.736 af (13% of lnﬂow)
Storage and wetted areas determined by Conic sections

Elevation Surf.Area inc.Store Cum.Store Wet.Area
_(feet) (acres) (acre-feet) (acre-feet) (acres)
581.00 0.148 0.000 0.000 0.148
582.00 0.972 0.500 0.500 0.972
583.00 1.124 1.047 1.547 1.125
584.00 1.217 1.170 2.717 1.220
585.00 1.318 1.267 3.984 1.323
586.00 1.407 1.362 - 5.346 1.414
587.00 1.494 1.450 6.797 1.503
588.00 1.563 1.528 8.325 1.575

Primary OutFlow (Free Discharge)
2=Culvert
1=0Orifice/Grate
3=Broad-Crested Rectangular Weir

# Routing Invert Outlet Devices
1 Device2 - 58575 48.0" Horiz. Orifice/Grate X 2.00 Limited to weir flow C= 0.600
2 Primary 580.00' 36.0" x 61.0" long Culvert X 2.00 Ke= 0.700
Outlet Invert=578.86" S=0.0187"'/ n=0.024 Cc=0.900
3 Primary 586.50' 30.0’ long Broad-Crested Rectangular Weir

Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
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Pond 1P: sedimentation basin 1
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Pond 1P: sedimentation basin 1
Inflow =  64.79cfs @ 12.00 hrs, Volume= 7.294 af
Outflow = 521cfs @ 13.85 hrs, Volume= 2.210 af, Atten=92%, Lag= 111.1 min
Primary = 521cfs @ 13.85 hrs, Volume= 2.210 af '

Routing by Stor-Ind method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs

Peak Elev=585.91" Storage= 5.221 af
Plug-Flow detention time=378.0 min calculated for 2.201 af (30% of inflow)
Storage and wetted areas determined by Conic sections

Elevation Surf.Area Inc.Store Cum.Store Wet. Area
{feet) (acres) (acre-feet) (acre-feet) (acres)
581.00 0.148 , 0.000 0.000 0.148
582.00 0.972 0.500 0.500 0.972
583.00 1.124 1.047 1.547 1.125
584.00 1.217 1.170 2.717 1.220
585.00 1.318 1.267 3.984 1.323
586.00 1.407 1.362 5.346 1.414
587.00 1.494 1.450 6.797 1.503
588.00 1.563 1.528 8.325 1.575

Primary OutFlow (Free Discharge)
2=Culvert
T 1=0rifice/Grate
3=Broad-Crested Rectanguiar Weir

# Routing invert Outlet Devices
1 Device2  585.75 48.0" Horiz. Orifice/Grate X 2.00 Limited to weir flow C= 0.600
2 Primary 580.00' 36.0" x 61.0’ long Culvert X 2.00 Ke= 0.700
Outlet Invert= 578.86" S=0.0187'/ n=0.024 Cc= 0.900
3 Primary 586.50° 30.0’ long Broad-Crested Rectangular Weir

Head (feet) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00
Coef. (English) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
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Pond 1P: sedimentation basin 1

- Hydrogfaph Plot

— Inflow
— Primary
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Time span=0.00-24.00 hrs, dt=0.01 hrs, 2401 points
Runoff by SCS TR-20 method, UH=SCS, Type Hl 24-hr Rainfali=4.70"
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment A: modified from Phase M, subcatchment 50
Tc=7.5min CN=79 Area=0.631 ac Runoff=2.70 cfs 0.134 af

Subcatchment B: modified from Phase I, subcatchment 1
Tc=43.0 min CN=74 Area=4.001 ac Runoff=5.66 cfs 0.700 af

Subcatchment C: modified from Phase lli, subcatchment 2
' Tc=38.1 min CN=73 Area=8.860 ac Runoff= 13.07 cfs 1.495 af

Subcatchment D: runoff developed from ditch west of road
Tc=2.7 min CN=89 Area=0.768 ac Runoff=5.04 cfs 0.223 af

Subcatchment E: runon area (1/2 of subarea 3 from phase 1ll)
Tc=38.7min CN=72 Area=9.124 ac Runoff= 12.76 cfs 1.480 af

Reach 1: Phase lll, reach 1 Inflow=2.70 cfs 0.134 af
Length=880.0' Max Vel= 1.7 fps Capacity= 64.90 cfs Qutflow= 1.97 cfs 0.132 af

Reach 2: Phase I, reach 2 ' " Inflow= 6.67 cfs 0.833 af
Length=530.0' Max Vel= 2.6 fps Capacity= 271.26 c¢fs Outflow=6.61 cfs 0.830 af

Reach 3: South East Channel- Section One Inflow= 19.91 cis 2.547 af
' Length=250.0' Max Vel=4.9 fps Capacity= 245.90 cts Outflow= 19.90 cfs 2.545 af

Reach 4: South East Channel- Section Two Inflow= 32.57 cfs 4.025 af
Length=250.0' Max Vel= 3.2 fps Capacity= 75.03 cfs Outflow= 32.51 cfs 4.019 af
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Prepared by GeoSyntec Consultants Page 2
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Subcatchment A: modified from Phase i, subcatchment 50

Runoff = 2.70cfs @ 11.99 hrs, Volume= 0.134 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt=0.01 hrs
Type Il 24-hr Rainfall=4.70"

Area (ac) CN Description
0.631 79

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

52 80 0.0800 0.3 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
2.3 350 0.0040 25 22.78 Trap/Vee/Rect Channel Flow,

Bot.W=0.00" D=1.50" Z=3.0& 5.0/ n=0.030

75 430 Total

Subcatchment A: modified from Phase llf, subcatchment 50
Hydrograph Plot

Flow (cfs)
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Design Case A Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 3
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems . 8/23/2001

Subcatchment B: modified from Phase lll, subcatchment 1

Runoff = 566 cfs @ 12.42 hrs, Volume= 0.700 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Type I 24-hr Rainfall=4.70"

Area (ac) CN Description
4.001 74

Tc Length Slope Velocity Capacity Description
(min) ___ (feet) (ft/fty  (ft/sec) (cfs)

39.8 300 0.0070 0.1 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
0.7 100 0.0200 2.3 Shallow Concentrated Flow,
Unpaved Kv= 16.1 fps
25 600 0.0070 41 64.90 Trap/Vee/Rect Channel Flow,

Bot.W=0.00' D=2.00’ Z=3.0 & 5.0’/ n=0.030

43.0 1,000 Total

Subcatchnient B: modified from Phase lll, subcatchment 1

Hydrograph Plot

Flow (cfs)
w
1
i
i
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0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time (hours)
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Design Case A Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 4
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment C: modified from Phase Ill, subcatchment 2

Runoff = 13.07 cts @ 12.35 hrs, Volume= 1.495 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Type Il 24-hr Rainfali=4.70"

Area (ac) CN Description
8860 73

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ffty  (ft/sec) (cfs)

321 300 0.0120 0.2 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
49 520 0.0120 1.8 "~ Shallow Concentrated Flow,
Unpaved Kv=16.1 fps
1.1 330 0.0110 5.1 92.00 Trap/Vee/Rect Channel Flow,

Bot.W=0.00" D=2.00' Z=5.0 & 4.0’/ n=0.030

38.1 1,150 Total

Subcatchment C: modified from Phase lil, subcatchment 2

Hydrograph Plot

| — Runoff

i _ :13_:-07 = Y SNU SR N

104 - -

Flow (cfs)
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Design Case A Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 5
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001
Subcatchment D: runoff developed from ditch west of road
Runoff = 5.04cfs @ 11.93 hrs, Volume= 0.223 af
Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Type il 24-hr Rainfall=4.70"
Area (ac) CN Description
0.768 89
Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)
0.1 20 0.2000 2.3 ‘ Sheet Flow,
Smooth surfaces n=0.011 P2=2.60"
26 750 0.0100 48 57.39 Trap/Vee/Rect Channel Flow,
Bot.W=0.00' D=2.00' Z=3.0'/ n=0.030
27 770 Total
Subcatchment D: runoff developed from ditch west of road -
Hydrograph Plot
ﬁ 5 |
7
e 34 e | R R SRR
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Time (hours)
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Design Case A Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 6
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment E: runon area (1/2 of subarea 3 from bhase 1))

Runoff = 12.76 cfs @ 12.34 hrs, Volume= 1.480 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs  /
Type Ul 24-hr Rainfall=4.70"

Area (ac) CN Description

9124 72
Tc Length Slope Velocity Capacity Description
(min)  (feet) (fuft)  (ft/sec) (cfs)
29.4 300 0.0150 0.2 Sheet Flow,
' . Grass: Short n=0.150 P2=2.60"
93 1,100 0.0150 2.0 Shallow Concentrated Flow,

Unpaved Kv= 16.11ps

387 1,400 Total

Subcatchment E: runon area (1/2 of subarea 3 from phase i)
Hydrograph Plot

: : : 12. 76_ cfs ;

— Runoff

Flow (cts)
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Design Case A Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 7
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 1: Phase lll, reach 1

2.70cfs @ 11.99 hrs, Volume= 0.134 af
1.97cfs @ 12.19 hrs, Volume= 0.132 af, Atten= 27%, Lag= 12.5 min

Inflow
Outflow

o

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 1.7 fps, Min. Travel Time= 8.7 min
Avg. Velocity = 0.7 fps, Avg. Travel Time= 21.6 min

Peak Depth= 0.54'

Capacity at bank full= 64.90 cfs

0.00’ x 2.00° deep channel, n=0.030 Length=880.0' Slope= 0.0070"/
Side Slope Z-value=3.0 5.0/

Reach 1: Phase lll, reach 1
Hydrograph Plot

I27chs|§ — Inflow

— Outflow]

Flow (cfs)

; y Y T ¥ ! 1 Y f I AR LA I” If "i Y VTR oy
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Time (hours)
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-Design Case A Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants _ Page 8
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 2: Phase lll, reach 2

6.67 cfs @ 12.32 hrs, Volume= 0.833 af
6.61cfs @ 12.44 hrs, Volume= 0.830 af, Atten= 1%, Lag=6.8 min

Inflow
Outflow

nu

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 2.6 fps, Min. Travel Time= 3.3 min
Avg. Velocity = 1.2 fps, Avg. Travel Time= 7.2 min

Peak Depth= 0.75’

Capacity at bank full= 271.26 cfs

0.00" x 3.00° deep channel, n=0.030 Length=530.0' Slope=0.0110"/
Side Slope Z-value=5.0 4.0

Reach 2: Phase lli, reach 2
Hydrograph Plot

~ Inflow
— Qutflow

Flow (cfs)
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Design Case A Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 9
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 3: South East Channel- Section One

Inflow
Outflow

1991 cfs @ 12.37 hrs, Volume= 2.547 af
19.90 cfs @ 12.40 hrs, Volume= 2.545 af, Atten= 0%, Lag= 1.7 min

inn

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 4.9 fps, Min. Travel Time= 0.9 min
Avg. Velocity = 2.0 fps, Avg. Travel Time= 2.1 min

Peak Depth=1.17"

Capacity at bank full= 245.90 cfs

0.00" x 3.00" deep channel, n=0.030 Length=250.0' Slope=0.0211"/
Side Slope Z-value= 3.0/

Reach 3: South East Channel- Section One
Hydrograph Piot

s - R R — Inflow
.- ST S . — Outflow

Flow (cfs)
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Design Case A Type Il 24-hr Ffamfall.4 7 "
. Prepared by GeoSyntec Consultants Page 10
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 4: South East Channel- Section Two

Inflow = 32.57 cfs @ 12.38 hrs, Volume= 4.025 af
Outflow = 3251 cfs @ 12.42 hrs, Volume= 4.019 af, Atten= 0%, Lag= 2.4 min

Routing by Stor-Ind+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.01 hrs
Max. Velocity= 3.2 fps, Min. Travel Time= 1.3 min
Avg. Velocity = 1.3 fps, Avg. Travel Time= 3.2 min

Peak Depth=1.83

Capacity at bank full= 75.03 cfs

0.00" x 2.50" deep channel, n=0.030 Length=250.0' Slope= 0.0052 "/
Side Slope Z-value=3.0""

Reach 4: South East Channel- Section Two
Hydrograph Plot

— Inflow
— Qutflow

o 32'51 cfs

Flow {cfs)
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Design Case B ‘ Type Il 24-hr Rainfall=4.70"

Prepared by GeoSyntec Consultants Page 1
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points :
Runoff by SCS TR-20 method, UH= =8CS, Type Il 24-hr Rainfall=4.70"
Reach routing by Stor-Ind+Trans method - Pond routing by Stor-Ind method

Subcatchment A: runon area east of road )
Tc=37.8 min CN=71 Area=11.090 ac Runoff= 15.01 cfs 1.573 af

Subcatchment B: runon area east of road
Tc=30.3 min CN=72 Area=10.610 ac Runoff= 17.54 cfs 1.574 af

Subcatchment C: runon area east of road
‘ Tc=27.4 min CN=79 Area=0.810 ac Runoff= 1.89 cfs 0.158 af

Subcatchment D: runon area east of road : . ,
Tc=27.0 min CN=78 Area=1.900 ac Runoff=4.32 cfs 0.356 af

Subcatchment E: runon area east of road
Tc=23.7 min CN=74 Area=5.610 ac Runoff= 11.81 cfs 0.905 af

Reach 1: culvert 1 Inflow= 15.01 cfs 1.573 af
' Length= 50. 0' Max Vel= 3.7 fps Capacnty_ 458.80 cfs Outflow= 15.00 cfs 1.572 af

Reach 2: cuivert 2 : Inflow= 17.54 cfs 1.574 af
Length 50.0' Max Vel= 3.9 fps Capacity= 458.80 cfs Outflow= 17.51 ¢fs 1.574 af

Reach 3: culvert 3 ' Inflow= 1.89 cfs 0.158 af
Length=50.0' Max Vel=2.0fps Capacity= 458.80 cis Outflow= 1.88 cfs 0.157 af

Reach 4: culvert 4 ‘ Inflow= 4.32 cfs 0.356 af
Length=50.0' Max Vel= 2.6 fps Capacity= 458.80 cfs Outflow= 4.30 cfs 0.356 af

Reach 5: culverts Inflow= 11.81 cfs 0.905 af
Length=50.0' Max Vel— 3.5 fps Capacity= 458.80 cfs Outflow= 11.78 ¢fs 0.905 af

000166
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Design Case B Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 2
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001
Subcatchment A: runon area east of road
Runoff = 1501 cfs @ 12.36 hrs, Volume= 1.573 af
Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type !l 24-hr Rainfali=4.70"
Area (ac) CN Description
8.810 69
2.280 79
11.090 71 Weighted Average
Tc Length Slope Velocity Capacity Description
_{(min) _ (feet)  (fVft) (ft/sec) (cfs)
29.4 300 0.0150 0.2 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
84 990 0.0150 2.0 Shallow Concentrated Flow,
Unpaved Kv= 16.1 fps
378 1,290 Total
Subcatchment A: runon area east of road
Hydrograph Plot

Flow (cfs)
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Design Case B Type Il 24-hr Rainfali=4.70"
Prepared by GeoSyntec Consultants Page 3
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment B: runon area east of road

Runoff = 1754cfs @ 12.26 hrs, Volume= 1.574 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr Rainfall=4.70"

Area(ac) CN Description

7270 69
3340 79

10.610 72 Weighted Average

Tc Length Slope Velocity Capacity Description

(min)  (feel) (fVf)  (f/sec) ~(cts)

27.3 300 0.0180 0.2 Sheet Flow,
' Grass: Short n=0.150 P2=2.60"
3.0 390 0.0180 2.2 Shallow Concentrated Flow,

Unpaved Kv=16.1fps

30.3 690 Total

Subcatchment B: runon area east of road

Hydrograph Plot

Flow (cfs)
S
I
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. Time (hours)
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Design Case B Type Il 24-hr Rainfali=

Prepared by GeoSyntec Consultants
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems

e

4.7 )"
Page 4
8/23/2001

Subcatchment C: runon area east of road

Runoff = 1.89cfs @ 12.21 hrs, Volume= 0.158 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type Il 24-hr Rainfall=4.70"

Area(ac) CN Description

0810 79

Tc Length Slope Velocity Capacity Description
(min)  (feet) (f/ft)  (ft/sec) (cfs)

26.2 300 0.0200 0.2 Sheet Flow,
. Grass: Short n=0.150 P2=2.60"
1.2 160 0.0200 2.3 Shallow Concentrated Flow,
: Unpaved Kv=16.11fps

27.4 460 Total

Subcatchment C: runon area east of road
.Hydrograph Plot

Flow {cfs)
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Design Case B . Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 5
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Runoff

Subcatchment D: runon area east of road

432cfs @ 12.21 hrs, Volume= 0.356 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs

Type Il 24-hr Rainfall=4.70"

Area (ac) CN Description
0.100
1.800
1.900 78 Weighted Average
Tc Slope Velocity Capacity Description
(min)
24.8 Sheet Flow,
Grass: Short n=0.150 P2=2.60"
2.2 Shallow Concentrated Flow,
v Unpaved Kv=16.1 fps
27.0
Subcatchment D: runon area east of road
Hydrograph Plot
- [z [ Fmi]
) ' :
s
E .
Ch
s
o 1 :

B o
12 13 14 15 16 17 18 19 20
Time (hours)
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Design Case B Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 6
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Subcatchment E: runon area east of road

Runoff = 11.81cfs @ 12.18 hrs, Volume= 0.905 af

Runoff by SCS TR-20 method, UH=SCS, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Type It 24-hr Rainfali=4.70"

Area (ac) CN Description

2780 69
2830 79

5610 74 Weighted Average

Tc Length Slope Velocity Capacity Description

(min)  (feet) (f/it)  (ft/sec) (cfs)
19.8 300 0.0400 0.3 Sheet Flow,
v ‘ Grass: Short n=0.150 P2=2.60"
3.9 510 0.0180 22 Shailow Concentrated Flow,

Unpaved Kv= 16.1 fps

23.7 810 Total

Subcatchment E: runon area east of road

Hydrograph Plot

Flow (cfs)
~
]
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Design Case B Type Il 24-hr Rainfall=4.
Prepared by GeoSyntec Consultants Page 7
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 1: culvert 1

Inflow = 15.01 cfs @ 12.36 hrs, Volume= 1.573 af ,
Outflow = 15.00 cfs @ 12.36 hrs, Volume= 1.572 af, Atten=0%, Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.7 fps, Min. Travel Time= 0.2 min
Avg. Velocity = 1.7 fps, Avg. Travel Time= 0.5 min

Peak Depth= 0.74’

Capacity at bank full= 458.80 cfs

A factor of 2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=50.0' Slope=0.0100"/ ’

Reach 1: culvert 1

Hydrograph Plot

— Inflow
— Outtiow

3 : :

Flow (cfs)
©
1
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Time (hours) ‘
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Design Case B Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 8
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Sﬂstems 8/23/2001

Reach 2: culvert 2

Inflow. = 17.54 cfs @ 12.26 hrs, Volume= 1.574 af
Qutflow = 1751 cfs @ 12.26 hrs, Volume= 1.574 af, Atten= 0%, Lag= 0.4 min

Routing by Stor-Ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.9 fps, Min. Travel Time= 0.2 min
Avg. Velocity = 1.7 fps, Avg. Travel Time= 0.5 min

Peak Depth= 0.80’

Capacity at bank full= 458.80 cfs

A factor of 2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=50.0' Slope=0.0100"/

Reach 2: culvert 2
Hydrograph Plot

— Inflow
— Outfiow

Fiow (cfs)
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Design Case B ' Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 9
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001
Reach 3: culvert 3
Inflow = 1.89cfs @ 12.21 hrs, Volume= 0.158 af
Outflow = 1.88cfs @ 12.23 hrs, Volume= 0.157 af, Atten= 1%, Lag=0.7 min
Routing by Stor-Ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.0 fps, Min. Travel Time= 0.4 min
Avg. Velocity = 0.9 fps, Avg. Travel Time= 1.0 min
Peak Depth= 0.28’
Capacity at bank full= 458.80 cfs
A factor of 2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=50.0' Slope=0.0100"/
Reach 3: culvert 3
Hydrograph Plot
~ loflow |
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]
1
@
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Design Case B Type Il 24-hr Rainfall=4.
Prepared by GeoSyntec Consultants Page 10
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 4: culvert 4

Inflow = 4.32cts @ 12.21 hrs, Volume= 0.356 af )
Outflow = 430cts @ 12.22 hrs, Volume= 0.356 af, Atten=0%, Lag= 0.6 min

Routiﬁg by Stor-ind+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 2.6 fps, Min. Travel Time= 0.3 min
Avg. Velocity = 1.1 fps, Avg. Travel Time= 0.8 min

Peak Depth= 0.41’

Capacity at bank full= 458.80 cfs

A factor of 2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=50.0" Slope= 0.0100"/

Reach 4: culvert 4
Hydrograph Plot

: w3001 : ~ Inflow
y ; : — Outflow
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Design Case B Type Il 24-hr Rainfall=4.70"
Prepared by GeoSyntec Consultants Page 11
HydroCAD® 5.97 s/n 000929 © 1986-2001 Applied Microcomputer Systems 8/23/2001

Reach 5: culvert5

Inflow = 11.81cfs @ 12.18 hrs, Volume= 0.905 af
Outflow = 11.78 cfs @ 12.18 hrs, Volume= 0.905 af, Atten=0%, Lag= 0.5 min

Routing by Stor-Ind+Trans method, Time Span=5.00-20.00 hrs, dt= 0.05 hrs
Max. Velocity= 3.5 fps, Min. Travel Time= 0.2 min
Avg. Velocity = 1.4 fps, Avg. Travel Time= 0.6 min

Peak Depth= 0.66’

Capacity at bank full= 458.80 cfs

A factor of 2.00 has been applied to the supplied storage and discharge data
72.0" Diameter Pipe n=0.024 Length=50.0' Slope= 0.0100""

Reach 5: culverts
Hydrograph Plot

— Inflow

Flow (cfs)
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RESULTS FOR THE CALCULATION OF WEIGHTED CN
OSDF Design Scenario
Subcatchment Area Percent HSG Land Use CN Weighted
Label of Total Area Category CN
(acres) %
A 2.05 100% B/C Vegetated Final Cover System 83 83
B 1.10 100% B/C Vegetated Final Cover System 83 \ 83
C 4.56 100% B/C Unvegetated Final Cover System 89 89
D 2.59 100% B/C Unvegetated Final Cover System 89 89
E 1.30 100% B/C Unvegetated Final Cover System 89 39
F 1.44 100% B/C Unvegetated Final Cover System 89 89
G 1.75 100% C Disturbed Area - Construction Support 82 82
H 1.78 100% C Disturbed Area - Construction Support 82 82
I 2.16 78% B/C Liner Runout 89 87
22% C Disturbed Area - Construction Support 82
] 0.49 100% C Disturbed Area - Construction Support 82 82
K 0.17 100% C Disturbed Area - Construction Support 82 82
L 0.14 100% C Disturbed Area - Construction Support 82 82
M 1.62 100% N/A Sedimentation Basin 98 98

N/A - Not Applicable

C attachments finalC2 QSDF

000178



4014

-

= -
RESULTS FOR THE CALCULATION OF WEIGHTED CN
Design Case "A"
Subcatchment Area Percent HSG fand Use CN Weighted
Label of Total Area Category CN
{acres) %
A 0.63 100% C Runon Area East of OSDF 79 79
B 4.00 50% B Runon Area East of OSDF 69 74
50% C Runon Area East of OSDF 79
Cc 8.86 60% B Runon Area East of OSDF 69 73
40% C Runon Area East of OSDF 79
D 0.77 100% B/C Unvegetated Final Cover System 89 89
E 9.12 0% B Runon Area East of OSDF 69 72
30% C Runon Area East of OSDF 79

C attachments final/C2 DC A

000173
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RESULTS FOR THE CALCULATION OF WEIGHTED CN
Design Case "B"

Subcatchment Area Percent HSG Land Use CN Weighted
Label of Total Area Category CN
(acres) %

A 11.09 80% B . Runon Area East of OSDF 69 71
20% C Runon Area East of OSDF. 79

B 10.61 70% B Runon Area East of OSDF 69 72
30% C Runon Area East of OSDF 79

C 0.81 100% C Runon Area East of QSDF 79 79

D 1.90 10% B Runon Area East of OSDF 69 78
90% C Runon Area East of OSDF 79

E 5.61 50% B Runon Area East of OSDF 69 - 74
50% C Runon Area East of OSDF 79 )

000180

C attachments final/C2 DC B
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Written by: Dana Mehlman (DBM) Date: 8/23/2001 Reviewed by: Date:
Client:_Fluor Fernald, Inc. Project: OSDF PHASE IV Project/Proposal No.:GQ1342 Task No.:16

EXAMPLE CALCULATION FOR WEIGHTED CURVE NUMBER OF SUBCATCHMENT I

PURPOSE

The computation below illustrates the method for calculating a composite curve number (CN) for a
subcatchment area comprising more than one CN. This CN value is used as one of the input parameters
in the computer program “HydroCAD” for computing runoff.

CALCULATION PROCEDURE

The composite CN for a subcatchment area comprising more than one CN is calculated by summing

the products of each CN multiplied by its percentage of the total area. !

DATA VERIFICATION

The table below lists the CN’s for subcatchment area I grouped according to Hydrological Soil
Group (HSG), the contributing percentage of the total area for subcatchment area I, and land use.

HSG Percent of Area Land Use CN
%o Description
B/C 78 Liner Runout 89
C 22 Disturbed Area- 82
Construction
Support Zone

CALCULATIONS

Weighted CN = (89)(0.78)+(82)(0.22)

~J

000181
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. Written by: Dana Mehlmaa (DBMY ——— Date:_8/24/2001 Reviewed by: Date:
Client: Fluor Fernald, Inc. Project:_OSDF Phase ]V Project No.:_GQ1342 Task No.:_It
ATTACHMENT C-3

ANALYSIS RESULTS FOR CHANNELS

FO130083 000182 8/24/200153




SUMMARY OF CHANNEL ANALYSIS RESULTS

Channel Identification - Channel Characteristics Hydrologic Calculations Hydraulic Calculations
Channct Design Section Avzilable Longitudinal | Manning | Bottom | Side Side | HydroCAD | HydroCAD | Arcaaf | Perimeter | Hydrulic | Peak Flow | Estimated Channel Penk Flow Lining
Name'" Status Scenario Shape Flow Slope® n Width | Slope | Stope | Node ™ Q" Flow P Radius. R | Depth™® Q" Freeboard ' | vetociy | Type
Depth (1) (%) B{f) Ml Myl {cfs) A(sq f0) () (ft) Y () (cfs) (n) (Ips)
G6 new OsDr vee 3 1.39% 0.030 0 3 3 6 34.26 721 9.80 0.74 1.55 M3 1.45 4.7 Rrags
I new OSDF vee 2 1.00% 0.030 0 3 3 N/A 12.1® 370 202 0.53 111 1197 0.89 35 grass
i new OSDF vee 2 1.60% 0.030 [ 3 3 N/A 1539 0.66 297 0.22 047 1.53 153 24 RrESS
8 new OSDFr vee 3 1.60% 0.030 0 3 3 8 1.53 0.66 297 0.22 047 1.53 2.53 2.3 8rass
ncw OSD¥ vee 4 1.47% 0.030 4} 3 3 9 2.1 3.8 6.51 049 1.03 11.89 2.97 18 grass
10 new OSDF vee 3 1.47% 0.030 0 k) 3 10 12.84 343 617 Q.51 1.07 13.16 1.93 38 prass
1A existing DCA vee 1.6 0.77% 0.030 ] ] 4 ] 270 151 5.61 027 0.55 275 1.05 1.8 grass
1] existing DCA vee 23 0.67% 0.030 0 s 3 ) 270 1.49 5.04 0.30 0.61 2.68 1.69 1.8 grass
ic existing DCA vee 2 0.45% 0.030 0 4 2 1 2,70 L60 464 0.34 073 2.62 1.27 - 16 grass
1D existing DCA vee 28 0.81% 0.030 o 4 2 1 270 1.35 4.26 0.32 0.67 279 213 2.4 prass
2A existing DCA vee 4 0.67% 0.030 0 6 3 2 6.67 310 7.67 0.40 0.83 6.89 an 2.2 grass
2B existing DCA vee 3 1.00% 0.030 [ 4 5 2 6.67 2.67 7.10 038 0.77 6.90 2.23 2.6 prass
2C exlsting DCA - vee 4 1.50% 0.030 0 4 5 2 6.67 227 6.55 035 0.71 6.80 3.29 3.0 grass
ki new DCA vee 3 211% 0.030 0 3 3 3 19.91 4.1 740 0.55 137 20.00 1.83 49 Rruss
4 new DCA vee 2.5 .52% 0.030 0 3 3 4 32,57 10.0§ 11.57 0.87 1.83 32.74 0.67 2.3 prass

1. Channels are named after the corvesponding subcatchment or reach.

2. Longitudinal slopes taken from the Drawings.

3. N/A indicates thal there is not specific HydroCAD node associated with the particular channel,
4. Peak flow rates calculated by HydroCAD for each reach. See auachment C-1,

5. Calculated Now rates using an iterative procedure and compared with flow from HydroCAD.
6, Maximum permissible velocity Tor grass lined channels is 5 fps,

7. Calculated as the difference between minimum avaitable flow depth and peak flow depth,

. HydroCAD Q assumed o equal the inflow (o reach 9. '

9. HydroCAD Q assumed to equal the inflow o reach 8.

£8T000

C attachments finalC3
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ATTACHMENT C-4A
Culvertmaster® OUTPUT REPORTS FOR CULVERTS
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Culvert Designer/Analyzer Report C ey
culvert 1-OSDF

Peak Discharge Method: User-Specified

Design Discharge 34.14 cis Check Discharge 0.00 cfs

Grades Modef: Inverts

Invert Upstream 59400 ft - invert Downstream 592.66 ft
Length 96.10 ft Slope 0.014 fuft
Drop 1.34 ft

Headwater Model: Maximum Allowable HW

Headwater Elevation 597.85 ft

Tailwater Conditions: Constant Tailwater

Taitwater Elevation 594.22 ft
Name Description Discharge HW Elev. Velocity
x Trial-1 1-36 inch Circular 34.14 cis 597.36 ft
)
\
Title: Fernatd Project Engineer: Dana Mehiman
h:\fernald\phase iv final\phase iv final.cvm GeoSyntec Consultants

CulvertMaster v2.0 [2.005]
08/23/01 07:56:15PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 - Pagetof2




Culvert Designer/Analyzer Report Ri-TEER
culvert 1-OSDF

Design:Trial-1

Solve For: Headwaler Elevation

Culvert Summary

Allowable HW Elevation 597.85 ft Storm Event Design
Computed Headwater Elev: 597.36 ft Discharge . 34.14 cfs
Headwater Depth/Height 1.12 Tailwater Elevation 594.22 ft
inlet Controf HW Elev. 597.17 ft Control Type Qutlet Controt
Outtet Control HW Elev. 597.36 ft
Grades
Upstream Invert 594.00 ft Downstream Invert 592.66 ft
Length 96.10 ft Constructed Slope 0.014 fuit
Hydraulic Profite
Profile M2 Depth, Downstream 1.90 ft
Slope Type Mild Normal Depth 203 ft
Flow Regime Subcritical Critical Depth 1.90 ft
Velocity Downstream 7.24 ft/s Critical Slope 0.017 fuft
Section
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 1
Outlet Control Properties
Qutlet Controt HW Elev. 597.36 ft Upstream Velocity Head 0.70 ft
Ke 0.80 Entrance Loss 0.63 ft
inlet Control Properties
Intet Control HW Elev. 597.17 ft Flow Control Unsubmerged
Inlet Type Projecting Area Full 7.1 ft2
K 0.03400 HDS 5 Chart 2
M 1.50000 HODS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
Title: Fernald Project Engineer: Dana Mehlman
h:\fernald\phase iv finaf\phase iv final.cvm GeoSyntec Consultants CulvertMaster v2.0 {2.005])

08/23/01 07:56:15 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2 of 2




Culvert Designer/Analyzer Report

culvert 2-OSDF

Peak Dischérge Method: User-Specified

Design Discharge 49.39 cfs Check Discharge 0.00 cfs
Grades Model: Inverts
Invert Upstream 583.14 ft invert Downstream 581.89 ft
Length 90.00 ft Slope 0.014 fuft
Drop 1.25 ft
Headwater Model: Maximum Allowable HW
Headwater Elevation 587.00 ft
Tailwater Conditions: Constant Tailwater
Tailwater Elevation 585.82 ft
Name Description Discharge HW Elev. Velocity
x Trial-1 2-42 inch Circular 49.39 cfs 586.23 ft
Title: Fernald

h:\fernaild\phase iv finaf\phase iv final.cvm
08/23/01 07:56:59 PM  © Haestad Methods, Inc.

GeoSyntec Consultants

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666
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Project Engineer: Dana Mehiman
CulvertMaster v2.0 {2.005)
Page 1 of 2
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Culvert Designer/Analyzer Report ’
. culvert 2-OSDF /7

o
~

o
\./
o
9]

.

Design:Trial-1

‘Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 587.00

ft Storm Event Design
Computed Headwater Elev: 586.23 ft Discharge 49.39 cfs
Headwater Depth/Height 0.88 Tailwater Elevation 585.82 ft
Inlet Controt HW Elev. 585.82 ft Control Type Qutlet Controt
Qutlet Control HW Elev. 586.23 ft
Grades
Upstream invert 583.14 ft Downstream Invert - 581.89 ft
Length ' 90.00 ft Constructed Slope 0.014 fuft
Hydraulic Profile
Profile CompositePressureProfileS1 Depth, Downstream 3.93 ft
Siope Type N/A Normal Depth 1.51 ft
Flow Regime Subciritical Critical Depth 1.53 ft
Velocity Downstream 2.57 fts Critical Slope 0.013 fuft
. Section
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 3.50 ft
Section Size 42 inch Rise ‘ 3.50 ft
Number Sections 2
Outlet Control Properties
Outlet Control HW Elev. 586.23 ft Upstream Velocity Head 0.14 ft
Ke 0.90 Entrance Loss 0.12 ft
Inlet Control Properties
inlet Control HW Elev. 585.82 ft Fiow Control Unsubmerged
inlet Type Projecting Area Full 19.2 ft?
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000
Title: Fernald Project Engineer: Dana Mehiman
h:\fernald\phase iv final\phase iv final.cvm GeoSyntec Consultants : CulvertMaster v2.0 [2.005])

08/23/01 07:56:59 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 U%A _ +1-203-755-1666 Page 2 of 2
LA . -




Culvert Designer/Analyzer Report

culvert 3-OSDF

Peak Discharge Method: User-Specified

Design Discharge 1.55 cfs Check Discharge 0.00 cfs
Grades Model: Inverts

lnvert Upstream 586.50 ft Invert Downstream 585.32 ft
Length 73.75 ft Slope 0.016 fuvft
Drop 1.18 ft

Headwater Model: Maximum Aflowable HW

Headwater Elevation 588.00 ft

Tailwater Conditions: Constant Tailwater

Tailwater Elevation 585.79 ft
Name Description Discharge  HW Elev. Velocity
x Trial-1 1-12 inch Circular 1.55 cfs 587.40 ft

Title: Femald
hMernaldphase iv finaf\phase iv final.cvm

08/23/01 07:57:45PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA * +1-203-755-1666

GeoSyntec Consultants
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Project Engineer: Dana Mehlman
CulvertMaster v2.0 {2.005})
Page 1 of 2



Design:Trial-1

Solve For: Section Size

Culvert Designer/Analyzer Report

culvert 3-OSDF (D= 204

Culvert Summary

Allowable HW Elevation 588.00 ft Storm Event Design
Computed Headwater Elev: 587.40 ft Discharge 1.55 cfs
Headwater Depth/Height 0.90 Tailwater Elevation 585.79 ft
Inlet Control HW Elev. 587.33 ft Control Type Quitlet Control
Outlet Control HW Elev. 587.40 ft
Grades
Upstream Invert 586.50 ft Downstream Invert 585.32 ft
Length 73.75 # Constructed Slope 0.016 fuft
Hydraulic Profile
Profile M2 Depth, Downstream 0.53 ft
Slope Type Mild Normal Depth 0.58 ft
Flow Regime Subcritical Critical Depth 0.53 ft
_ Velocity Downstream 3.68 ft/s Critical Slope 0.021 ft/ft
Section
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.00 ft
Section Size 12 inch’ Rise 1.00 ft
Number Sections 1
Outlet Control Properties
Outlet Controt HW Elev. 587.40 ft Upstream Velocity Head 0.17 ft
Ke 0.90 Entrance Loss 0.15 #t
Inlet Control Properties
Intet Control HW Elev. 587.33 ft Flow Control N/A
Inlet Type Projecting Area Full 08 f(t2
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
o] 0.05530 Equation Form 1
Y 0.54000
Title: Fernald Project Engineer: Dana Mehlman
hfernald\phase iv final\phase iv final.cvm GeoSyntec Consultants CulvertMaster v2.0 {2.005]

08/23/01 07:57:45 PM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA>»~+1-203-755-1666 Page 2 of 2



._'__:;;4014

Culvert Designer/Analyzer Report

culvert 4-OSDF

Peak Discharge Method: User-Specified '

Design Discharge 33.64 cfs Check Discharge 0.00 cfs

Grades Model: inverts

invert Upstream 589.22 ft Invert Downstream 587.89 ft

Length 95.50 ft Siope - 0.014 ft/ft

Drop 133 f#t

Headwater Model: Maximum Allowable HW

Headwater Elevation 593.50 ft
Tailwater Conditions: Constant Tailwater

Tailwater Elevation 58345 ft

Name Description Discharge HW Elev. Velocity !
x Trial-1 1-36 inch Circutar 33.64 cfs 592.55 ft
Title: Fernald

Project Engineer: Dana Mehiman
h:\fernald\phase iv final\phase iv final.cvm GeoSyntec Consultants . CulvertMaster v2.0 [2.005)

08/23/01 07:58:22 PM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA " $1-203-755-1666 Page 1 of 2




Design: Trial-1

Solve For: Headwater Elevation

culvert 4-OSDF

Culvert Designer/Analyzer Report

Culvert Summary

Allowable HW Elevation 593.50 ft Storm Event Design
Computed Headwater Elev: 592.55 ft Discharge 33.64 cfs
Headwater Depth/Height 1.11 Tailwater Elevation 589.45 ft
Inlet Control HW Elev. 582.35 ft Control Type Outiet Control
Outlet Control HW Elev. 592.55 ft
Grades
Upstream invert 589.22 ft Downstream Invert 587.89 ft
Length 95.50 ft Constructed Slope 0.014 ft/ft
Hydrauiic Profile
Profile M2 Depth, Downstream 1.88 ft
Slope Type Mild Nommal Depth 2.01 ft
Flow Regime Subcritical Critical Depth 1.88 ft
Velocity Downstream 7.20 s Critical Slope 0.017 ftft
Section
Section Shape ' Circular Mannings Coefficient 0.024
Section Material CMP Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 1
Outlet Control Properties
Outlet Controt HW Elev. 592.55 ft Upstream Velocity Head 0.69 ft
Ke 0.90 Entrance Loss 0.62 ft
Intet Control Properties
Intet Control HW Elev. 592.35 ft Flow Control Unsubmerged
Infet Type Projecting Area Full 7.1 f2
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

Titte: Fernald

h:\fernatd\phase iv final\phase iv final.cvm

08/23/01 07:58:22 PM  © Haestad Methods, tnc.

GeoSyntec Consultants
37 Brookside Road Waterbury, CT 06708 USA . +1-203-755-1666
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Project Engineer: Dana Mehiman
CulvertMaster v2.0 {2.005)
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Culvert Designer/Analyzer Report

culvert 5 - OSDF

Peak Discharge Method: User-Specified

Design Discharge 33.64 cfs

000195

Check Discharge 0.00 cfs
Grades Model: Inverts
invert Upstream 584.39 ft. {nvert Downstream 583.63 ft
Length 55.00 ft Slope 0.013900 fv/ft
Drop 0.76 ft
Headwater Model: Maximum Allowable HW
Headwater Elevation 590.00 ft
Tailwater Conditions: Constant Tailwater
Tailwater Elevation 585.82 ft

Name Description Discharge HW Elev. Velocity
x Trial-1 1-42 inch Circular 33.64 cfs 587.54 ft
AN
Title: Femmald

h:\fernaid\phase iv final\dc a culverts.cvm
08/24/01 10:06:58 AM  © Haestad Methods, Inc.

Project Engineer: Dana Mehiman

GeoSyntec Consultants
37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

CulvertMaster v2.0 [2.005]
Page 1 of 2



Design: Trial-1

Solve For: Headwater Elevation

culvert 5 - OSDF

Culvert Designer/Analyzer Report

Culvert Summary

08/24/01 10:06:58 AM  © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Allowable HW Elevation 590.00 ft Storm Event Design
Computed Headwater Elev: 587.54 ft Discharge 33.64 cfs
Headwater Depth/Height 0.90 Tailwater Elevation 585.82 ft
Inlet Control HW Elev. 587.18 ft Control Type Qutlet Control
Outlet Control HW Elev. 587.54 ft
Grades
Upstream Invert 584.39 ft Downstream Invert 583.63 ft
Length 55.00 ft Constructed Slope 0.013900 ft/ft
Hydraulic Profile
Profile R M1 Depth, Downstream 2.19 ft
Slope Type Mild Normal Depth 1.80 ft
Flow Regime Subcritical Critical Depth 1.80 ft
Velocity Downstream 5.30 ft/s Critical Slope 0.013947 ft/ft
Section
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 3.50 ft
Section Size 42 inch Rise 3.50 ft
Number Sections 1
Outiet Controt Properties
Outlet Control HW Elev. 587.54 ft Upstream Velocity Head 0.71 ft
Ke 0.90 Entrance Loss 0.64 ft
inlet Control Properties
Iinlet Control HW Elev. 587.18 ft Flow Control Unsubmerged
Inlet Type Projecting Area Full 9.6 2
K 0.03400 HDS § Chart 2
M 1.50000 HDS § Scale 3
C 0.05530 Equation Form 1
Y 0.54000

Titte: Femald

h\Mfemald\phase iv final\dc a cutverts.cvm GeoSyntec Consultants
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Project Engineer: Dana Mehiman
CulvertMaster v2.0 {2.005])
Page 2 of 2



Culvert Designer/Analyzer Report

culvert 1 -DC A

Peak Discharge Method: User-Specified

Design Discharge 19.50 cfs Check Discharge 0.00 cfs
Grades Modei: Inverts

Invert Upstream 600.00 ft Invert Downstream 598.50 ft
Length 70.00 ft Slope 0.021429 fu/it
Drop 1.50 ft

Headwater Model: Maximum Allowable HW

Headwater Elevation 605.00 ft

Tailwater Conditions: Constant Taiiwater

Tailwater Elevation 599.50 ft
Name Description Discharge HW Elev. Velocity
x Trial-1 1-36 inch Circular 19.50 cfs 602.46 ft

Title: Fernald
h:\fernald\phase iv final\dc a culverts.cvm
08/24/01 07:01:20 AM  © Haestad Methods, Inc.

GeoSyntec Consultants

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666
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Project Engineer: Dana Mehiman
CulvertMaster v2.0 [2.005]
Page 1 of 2



Culvert Designer/Analyzer Report

culvert1 -DC A
Design:Trial-1
Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 605.00 ft Storm Event Design .
Computed Headwater Elev: 602.46 ft Discharge 19.50 cfs
Headwater Depth/Height 0.82 Tailwater Elevation 599.50 ft
ntet Controt HW Elev. 602.14 ft Contro! Type Entrance Control
Outlet Control HW Elev. 602.46 ft
Grades
Upstreém invert 600.00 ft Downstream Invert 598.50 ft
Length 70.00 ft Constructed Slope 0.021429 fu/ft
Hydraulic Profile
Profile S2 Depth, Downstream 1.26 ft
Slope Type Steep Normal Depth 1.26 ft
Flow Regime Supercritical Critical Depth 1.42 ft
Velocity Downstream 6.91 ft/s Critical Siope 0.014191 fuft
Section
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 1
Outlet Control Properties
Outlet Control HW Elev. 602.46 ft Upstream Velocity Head 0.55 ft
Ke 0.90 Entrance Loss 0.49 ft
Inlet Contro! Properties
Inlet Control HW Elev. 602.14 ft Flow Control Unsubmérged
inlet Type Projecting Area Full 7.1 12
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS § Scale 3
C 0.05530 Equation Form 1
Y 0.54000
Title: Fernaid

h:\fernald\phase iv final\dc a culverts.cvm

08/24/01 07:01:20 AM  © Haestad Methods, Inc.

GeoSyntec Consultants

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

4014

/B35 204

000198

Project Engineer: Dana Mehiman
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Culvert Designer/Analyzer Report
culvert1-DCB

Peak Discharge Method: User-Specified

Design Discharge 15.01 cfs Check Discharge 0.00 cfs

Grades Model: Inverts

Invert Upstream 598.00 ft Invert Downstream 597.50 ft
Length 50.00 ft Slope 0.010000 fi/ft
Drop, 0.50 ft

Headwater Model: Maximum Aliowable HW

Headwater Efevation 602.00 ft

Tailwater Conditions: Constant Tailwater

Tailwater Elevation 598.50 ft
Name Description Discharge HW Elev. Velocity
x Trial-1 1-24 inch Circular 15.01 cfs 600.58 ft

000199

Title: south east culverts Project Engineer: Dana Mehlman
h:\fernald\phase iv finaldc b culverts.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005)

08/24/01 07:05:39 AM  © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 2




Design:Trial-1

Solve For: Headwater Elevation

Culvert Designer/Analyzer Report

culvert1-DC B

Culvert Summary

Allowable HW Elevation 602.00 ft Storm Event Design
Computed Headwater Elev: 600.58 ft Discharge 15.01 cfs
Headwater Depth/Height 1.29 Tailwater Elevation 598.50 ft
Inlet Control HW Elev. 600.45 ft Control Type Outtet Control
Outlet Control HW Elev. 600.58 ft

Grades

Upstream Invert 598.00 ft Downstream lnvert 597.50 ft
Length 50.00 ft Constructed Stope 0.010000 ft/ft
Hydraulic Profile

Profile M2 Depth, Downstream 1.40 ft
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 1.40 ft
Velocity Downstream 6.41 fi/s Critical Slope 0.021545 ft/ft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise _2.00 ft
Number Sections 1

Outlet Contro! Properties

Outlet Control HW Elev. 600.58 ft Upstream Velocity Head 0.37 ft
Ke 0.90 Entrance Loss 0.34 ft
Intet Control Propetties

Iniet Control HW Elev. 600.45 ft Flow Control - Unsubmerged
Inlet Type Projecting Area Full 3.1 fi2
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

o] 0.05530 Equation Form 1

Y 0.54000 .

Title: south east culverts
h:\fernald\phase iv finaldc b culverts.cvm
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Culvert Designer/Analyzer Report
cuivert2-DCB

Peak Discharge Method: User-Specified

Design Discharge 17.54 cfs Check Discharge ’ 0.00 cfs

Grades Model: Inverts

lnvert Upstream ) 596.00 ft Invert Downstream 595.50 ft
Length 50.00 ft Slope 0.010000 ft/ft
Drop 0.50 ft

Headwater Model: Maximum Allowable HW

Headwater Elevation 600.00 ft

Tailwater Conditions: Constant Tailwater

Tailwater Elevation 596.50 ft
Name Description Discharge HW Elev. Velocity
x Trial-1 1-24 inch Circular 17.54cfs  599.17 ft

000201

Title: south east culverts Project Engineer: Dana Mehlman
h:\fernald\phase iv final\dc b culverts.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005]
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Design:Trial-1

Solve For: Section Size

DCB

Culvert Designer/Analyzer Report
culvert 2 -

Culvert Summary

Allowable HW Elevation 600.00 ft Storm Event Design
Computed Headwater Elev: 599.17 #t Discharge 17.54 cfs
Headwater Depth/Height 1.58 Tailwater Elevation 596.50 ft
Inlet Control HW Elev. 598.81 ft Control Type Outlet Control
Outlet Control HW Elev. 599.17 #t

Grades

Upstream Invert 596.00 ft Downstream Invert 595.50 ft
Length 50.00 ft Constructed Slope 0.010000 f/ft
Hydraulic Profile

Profile  CompositeM2PressureProfile Depth, Downstream 151 #t
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 151 ft
Velocity Downstream 6.90 ft/s Ciritical Slope 0.024287 ft/ft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 599.17 & Upstream Velocity Head 0.48 f#t
Ke 0.90 Entrance Loss 0.44 1t
infet Control Properties

Inlet Control HW Elev. 598.81 ft Flow Control Transition
Inlet Type Projecting . Area Full 3.1 fi2
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS S Scale 3

C 0.05530 Equation Form 1

Y 0.54000

Title: south east culverts

h:\fernald\phase iv final\dc b culverts.cvm

08/23/0t1 07:59:45 PM @ Haestad Methods, Inc.

GeoSyntec Consultants

37 Brookside Road Waterbury, CT 06708 USA  +1 -203-755-1666
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Culvert Designer/Analyzer Report
culvert3-DC B

Peak Discharge Method: User-Specified

Design Discharge 1.89 cfs Check Discharge 0.00 cfs
Grades Model: Inverts
Invert Upstream 590.50 ft tnvert Downstream 590.00 ft
Length 50.00 #t Slope 0.010000 ft/ft
Drop 0.50 ft
Headwater Model: Maximum Allowable HW
Headwater Elevation 593.50 ft
Tailwater Conditions: Constant Tailwater
Tailwater Elevation 591.00 ft
Name Description Discharge HW Elev. Velocity
x Trial-1 1-12 inch Circular 1.89 cfs 591.62 ft

Title: south east culverts
h:\fernald\phase iv final\dc b culverts.cvm

08/23/01 08:00:25 PM  © Haestad Methods, tnc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666
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Culvert Designer/Analyzer Report

culvert 3-DCB
Design:Trial-1
Solve For: Sectiort Size
Culvert Summary
Allowable HW Elevation 593.50 ft Storm Event Design
Computed Headwater Elev: 591.62 ft Discharge 1.89 cfs
Headwater Depth/Height 112 Tailwater Elevation 591.00 ft
Inlet Control HW Etev. 59145 ft Control Type Qutlet Control
Outlet Contro! HW Elev. 591.62 ft
Grades
Upstream Invert 590.50 ft Downstream Invert 590.00 ft
Length 50.00 ft Constructed Slope 0.010000 ft/ft
Hydraulic Profile
Profile M1 Depth, Downstream 1.00 ft
Slope Type Mild Normal Depth 0.80 ft
Flow Regime Subcritical Critical Depth 0.59 ft
Velocity Downstream 2.41 ft/s Critical Slope 0.022876 ft/ft
Section .
Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 1.00 ft
Section Size 12 inch Rise 1.00 ft
Number Sections 1
Outlet Control Properties
Qutlet Control HW Elev. 591.62 ft Upstream Velocity Head 0.10 ft
Ke 0.90 Entrance Loss 0.09 ft
Inlet Control Properties
Inlet Control HW Elev. 531.45 #t Flow Control Unsubmerged
Inlet Type Projecting Area Full 0.8 fi2
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

Title: south east culverts

h:\fernald\phase iv finaldc b culverts.cvim

08/23/01 08:00:25 PM  © Haestad Methods, Inc.

GeoSyntec Consultants

000204

Project Engineer: Dana Mehiman
CulvertMaster v2.0 {2.005]

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 20f2



Culvert Designer/Analyzer Repo?i

culvert4-DCB

-4014 935/o04

Peak Discharge Method: User-Specified

Design Discharge 4.32 cfs Check Discharge 0.00 cfs
Grades Model: Inverts
tnvert Upstream 592.50 ft Invert Downstream 592.00 ft
Length 50.00 ft Slope 0.010000 fuft
Drop 0.50 ft
\
Headwater Model: Maximum Allowable HW
Headwater Elevation 596.00 ft
Tailwater Conditions: Constant Tailwater
Tailwater Elevation 5§93.00 ft
Name Description Discharge HW Elev. Velocity
x Trial-3 1-18 inch Circular 4.32 cfs 593.85 ft
Title: south east culverts
h:\femald\phase iv finahdc b cutverts.cvm GeoSyntec Consultants

08/27/01 09:23:48 AM  © Haestad Methods, Inc.

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666
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Culvert Designer/Analyzer Repdrt

_ 4014

culvert4-DC B
Design:Trial-3
Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 596.00 ft Storm Event Design
Computed Headwater Elev: 593.85 ft Discharge 4.32 cfs
Headwater Depth/Height 0.90 Tailwater Elevation 593.00 ft
inlet Control HW Elev. 593.75 ft Control Type Qutlet Control
Outlet Control HW Elev.’ 593.85 ft
Grades
Upstream Invett 592.50 ft Downstream invert 592.00 ft
Length 50.00 ft Constructed Slope 0.010000 fuft
Hydrautic Profite
Profile M1 Depth, Downstream 1.00 ft
Slope Type -~ Mild Normal Depth 0.98 ft
Flow Regime Subcritical Critical Depth 0.80 ft
Velocity Downstream © 3.45 f¥Us Critical Slope 0.018816 ft/ft
Section
Section Shape Circular Mannings Coefficient 0.024
Section Materiat CMP Span 1.50 ft
Section Size 18 inch Rise 1.50 ft
Number Sections 1
Outiet Control Properties ‘
Outlet Control HW Elev. 593.85 ft Upstream Velocity Head 019 ft
Ke 0.90 Entrance Loss 0.17 ft
Inlet Control Properties
Inlet Control HW Elev. 593.75 ft Flow Control Unsubmerged
Inlet Type Projecting Area Full 1.8 fi2
K 0.03400 HDS 5 Chart 2
M 1.50000 HDS 5 Scale 3
C 0.05530 Equation Form 1
Y 0.54000

Title: south east culverts

h:\fernald\phase iv final\dc b culverts.cvm

08/27/01 09:23:48 AM  © Haestad Methods, Inc.

GeoSyntec Consultants
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Project Engineer: Dana Mehiman
CulvertMaster v2.0 [2.005}
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Culvert Designer/Analyzer Report
culvert5-DC B

Peak Discharge Method: User-Specified

Design Discharge 11.81 cfs Check Discharge 0.00 cis
Grades Model: Inverts

Invert Upstream 599.00 ft fnvert Downstream 598.50 ft
Length 50.00 ft Siope 0.010000 ft/ft
Drop 0.50 ft

Headwater Model: Maximum Allowable HW

Headwater Elevation 603.00 ft

Tailwater Conditions: Constant Tailwater

Tailwater Elevation 599.50 ft

Name Description

Discharge HW Elev.

Velocity

x Trial-1 1-24 inch Circular

11.81cfs 60115 ft

Title: south east culverts
h\fernald\phase iv final\dc b culverts.cvin

08/24/01 07:21:33 AM '© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

GeoSyntec Consultants
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Project Engineer: Dana Mehiman
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Design:Trial-1

Solve For: Headwater Elevation

culvert5-DCB

Culvert Designer/Analyzer Report

Culvert Summary

Atlowable HW Elevation 603.00 ft Storm Event Design
Computed Headwater Elev: 601.15 ft Discharge 11.81 cfs
Headwater Depth/Height 1.07 Tailwater Elevation 599.50 ft
intet Controt HW Elev. 601.04 ft Control Type Qutlet Control
Outlet Control HW Elev. 601.15 ft

Grades

Upstream Invert 599.00 ft Downstream Invert 598.50 ft
Length 50.00 ft Constructed Slope 0.010000 fuft
Hydraulic Profile

Profile M2 Depth, Downstream 1.23 it
Slope Type Mitd Normal Depth 1.58 ft
Flow Regime Subcritical Critical Depth 1.23 ft
Velocity Downstream 5.80 ft/s Critical Slope 0.018886 fuft
Section

Section Shape Circular Mannings Coefficient 0.024
Section Material CMP Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Sections 1

Outlet Control Properties

Outlet Control HW Elev. 601.15 ft Upstream Velocity Head 032 ft
Ke 0.90 Entrance Loss Q.29 ft
Inlet Control Properties

Inlet Control HW Elev. 601.04 ft Flow Control Unsubmerged
Iniet Type Projecting Area Full 3.1 12
K 0.03400 HDS 5 Chart 2

M 1.50000 HDS 5 Scale 3

C 0.05530 Equation Form 1

Y 0.54000

Titte: south east culverts
hifernald\phase iv finafdc b culverts.cvm
08/24/01 07:21:33 AM  © Haestad Methods, inc.

GeoSyntec Consultants
37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666
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ATTACHMENT C-4B

ANALYSIS RESULTS FOR CULVERTS
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_ 4014

00/ J04.

--n
SUMMARY OF CULVERT ANALYSES RESULTS
CULVERT R CULVERTMASTER® MODELING -
IDENTIFICATION PHYSICAL CHARACTERISTICS OF CULVERT CULVERT PROFILE CHARACTERISTICS HYDRAULIC CAPACITY STRUCTURAL CAPACITY OUTLET PROTECTION
Ouviket HydroCsd Caleutated 1 ¢y datea ' RS R
. ydr! ieoz prap iprap
. Entronce Loss Namber of . Indet Invert Overtopping = Entrance Loss | Number of Tailwater Hepdwater R Mirsmom Outlet
Culvent " Design . 5 .. Entrance Approximate Invert Slope N Entrance ~ | Nude/Peak Calculated N Depth - Inde Beadwater Depth|  Available Design Traffic . Structorally . Lengihat | Length at dey .
Name Status Scerario Materia) - Type Coefficient | Manning's n Configaration™ c?hm;- Length (M) Elevation Elevation | fun Elevation (R Configuration™ CoefBcient (.Znhtmm Flow Rete | Freeboara (n) Elevation (R Pt ml - Outkel Comrod | Cover (M) Type Required Stable Velocity Trdet Outlet (i Thickness (in)
{Ke) . Dismeter (h MSL) MSL) {Ke)} Diameter MSL) Control 15 Cover (R {fUs)
(R MSL) (cfs) (h MSL) (R MSL) S, om )
) new OSDF CMP 09 0.024 Projecting 3 - 36 inch 96. 594,00 592.66 | 0.014 597.85 Pyojeciing. 0.9 )- 36 inch 513414 [} 594.22 59117 597.36 3.009 Off-Highway 3 yes 72 6 12 [3 12
2 new ' OSDF CMP 09 0.024 Projecting 2- 42irxch 90.0 583.14 581.89 0.014 587.00 Projecting 0.9 2. 42 inch 1174939 08 585.82 585.82 586.23 3.16 Off-Highway 3 yes 2.6 7 14 6 12
3 new OSDF CMP 09 0.024 Projecting 1-12inch 74.0 586,50 585.32 | 0016 588.00 Projecting 09 3 - 12 inch 771,55 06 585.79 587.33 587.40 300 Off-Highway 3 yes 37 [} )] 0 0
4 new OSDF CcMP 05 0.024 Projecting ) - 36 inch 955 589.22 587.89 | 0014 593.50 Projecting 09 3-36inch | NJA/33.64" 1.0 589.45 592.35 $92.55 3.06 Off-Highway 3 yes 72 6- 12 6 )2
B new OSDF CMP 09 0.024 Projecting 1- 42inch 55.0 584.39 583.63 | 0014 590.00 __Projecting 09 1-42inch | N/A/33.64 ™ 23 585.82 587.18 587.54 4.61 Off-Highway 3 yes 6.1 6 12 6 12
1 | wew | DPCh CMP [ oo 0024 | Pojecting | 1-36inch | 700 60000 | 39850 | 0021 | 605.00 Projecting 09 | 1-36inch [ Nia/1950" | 25 599.50 602.14 602.46 200 | on-Higay |2 | g | 69 ] 6 | n s | n
1 new DCB CMP 0.9 0.024 Projecting 1- 24 inch 50.0 598.00 597.50 0010 602.00 Projecting 09 1-24inch 371501 14 598.50 600.45 600.58 2.00 On - Highway 2 yes 6.4 4 8 6 2
2 new DCB CMP 0.9 0.024 Projecting 1 - 24 inch 50.0 596.00 59550 ] 0.010 600.00 Projecting . 09 } - 24 inch 2/17.54 038 596.50 598.81 599.17 2.00 On - Highway _ 2 ¥ 6.9 4 8 6 12
3 new DCB CMP 0.9 0.024 Projecting 1- 12inch 50.0 590.50 590.00 0010 593.50 Projecting 09 1. 12inch 3/1.89 1.9 591.00 59145 591.62 2.00 On - Highway 2 yes 24 0 0 0 0
4 new DCB oMP 09 0024 Projecting 1+ 18 inch ) 500 592.50 59200 | 0010 596.00 __Projecting 09 1-18icd?| 47432 2) 593.00 593.75 593.85 200 On - Highway 2 yes 35 3 6 6 |73
5 new DCB CMP 09 0.024 Projecting ) - 24 isch 50.0 599.00 598.50 | 0.010 603.00 Projecting 09 1- 24 inch 5/1).8) 1.9 599.50 601.04 60.15 2.00 On - Highway 2 yes 58 4 ] 6 12
- OSDF = OSDF Design Scenario Notes
- DC A = Design Case "A” (1) New indicates a new cudven to be installed
- DC B = Design Case "B” (2) Entrance configuration assumed. .
- CMP = Corrugated Metal Pipe(s) {3) Dimensions and entrance config used in the Culy software package were selected (o maich existing culvest characteristics as closely as possible.

- NJA = Not Applicable

- dyg = Average panicle diameter

C altachments final/C48

(4) Culvent 2 s not installed as » pan of the Phase IV work.

(5) Headwater depihs

Jeulated using Cub
(6) Grading is provided in the Construction Drawings
(7) The peak flow rate used for culvent 4 is the ouaflow Gom seach 6 in the OSDF Design Scenario.
(8) The peak flow rate used for culvert § is the outflow from seach 6 in the OSDF Design Scepario.
(9) The peak flow rate used for culvent 1 is the inflow into seach 3 not including the inflow from subcatchment D in the Design Case “A™.
(10) This culvert is shown as 32° on the CFC Drawings. DCN will be submitied to change Uis diameier to 187

software package. Summary outpu presented fos each culven in Attachment C4A.
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OSDF BASIN 1 ROUTING RESULTS

DESIGN
PARAMETER Value
10-YEAR 24-HOUR RUNOFF
VOLUME (acre-ft) 4.834
25-YEAR 24-HOUR PEAK WATER
ELEVATION (ft MSL) 585.82
100-YEAR 24-HOUR PEAK
WATER ELEVATION (ft MSL) 585.91
REQUIRED STORAGE VOLUME
BASED ON DRAINAGE AREA
(acre-ft) 2.644

ITEM OSDF BASIN 1
DESCRIPTION PARAMETER VALUE
IN UNITS SHOWN
- = .
< « Riser Pipe Twin 48" CMP - 585.75
== =
SR g
] . =
2 a Outlet Pipel  Twin 36" CMP & 850.0
a2 z
: - Q
30’ wide trapezoidal =
EMERGENCY SPILLWAY channel E 586.5
=
EMBANKMENT 10" wide average width = 588.0
g
AVAILABLE STORAGE To primary spiliway @ 50
VOLUME (TO RISER INLET) riser pipe inlet s '
3
Q
>
g
Total Upstream 8
SUBCATCHMENT Drainage area 5 21.15
<

!SQ(&§ .
1. Minimum Sedimentation Basin volume of 5.440 acre-ft exceeds runoff volume of 4.528 acre-ft and disturbed area-based volume of 2.1 acre-ft.

2. Flow does not enter emergency spiliway for the 25-year, 24-hour storm event.
3. A freeboard greater than 1 ft is maintained for the 100-yr, 24-hour storm event.
4. Calculation for volume based on drainage area.

$12000

C attachments final/C5

(0.125 acre-f/acre-year) x {21.15 acres of upstream drainage area) x (1 yearfcleanout) = 2.64 acre-ft/cleanout
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