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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 N development of the OSDF. These 
SWM structures are designed to satisfy the requirements of the Surface-Water Management and 
Erosion Control (SWMEC) Plan [GeoSyntec, 2000dl and the OSDF Design Criteria Package 
(DCP) [GeoSyntec, 2000al 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 1 
(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 III package [GeoSyntec, May 20001. 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 N 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, 1997~1. 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 
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design criteria for the IO-, 2.5-, and 100-year, 24-hour storm events, outlined i n  the DCP for 
construction, filling, and closure of the OSDF. Hydrologic and basin routing analyses are 
performed using methodologies presented in TR-20 [SCS, 19821 and TR-55 [SCS, 19861, as 
coded into the computer program HydroCADTh'. 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 (Le., new) channels and culverts are designed in  accordance with the 
requirements of the SWMEC Plan [GeoSyntec, 2000dl and the DCP [GeoSyntec, 2000a1, in  
particular as follows: 

New Channels 

Calculated peak flow velocities for grass-lined channels are less than the permissible 
flow velocity of 5.0 fps. 
Calculated freeboards for channels equal or exceed the minimum required of 0.5 ft. 

Calculated headwater elevations at the inlet of culverts allow for 0.5 ft or greater 
freeboard. 

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 

New Culverts 
I) 

capacity for applicable design storm events, in particular as follows: 

OSDF Sedimentation Basin 1 
0 The available minimum storage volume exceeds the calculated runoff volume (10-year, 

24-hour storm event) and the calculated volume of 0.125 acre-fdyear per acre (disturbed 
upstream drainage area multiplied by the basin cleanout frequency). 

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

0 

0 

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

FO 130083 
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Task No.:, Project:- I V  Project No.:_(;Q1342 Client: 

PHASE IV SURFACE-WATER MANAGEMENT SYSTEM DESIGN 

PROCEDURES 

INTRODUCTION AND PURPOSE 

The major elements of the OSDF Phase Tv project include construction and li  i g 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-I. 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 channels along the East and West perimeters of the 

OSDF were performed as part of the OSDF Final Design Package [GeoSyntec, 1997~1. Phase N 
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 N SWM system is designed to satisfy the requirements of the Surface- 

Water Management and Erosion Control (SWMEC) Plan [GeoSyntec, 2000bl and the OSDF 

Design Criteria Package (DCP) [GeoSyntec, 2000al. Section 2.8, SurfQce- Water Management, 

of the DCP contains requirements for the OSDF runodrunoff structures. This section of the 
DCP is included as Attachment A-1. 

F0130083 
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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 t h e  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 lo-, 2.5, and IOO-year, 24-hour design storm events, outlined in 

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

DESIGN SCENARIOS 

The design of Phase N SWM structures, and assessment of hydraulic capacity for 

existing structures, is performed using hydrologic and basin routing analyses in which the total 

drainage 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 IlI package (GeoSyntec, May 2000). Design Case “A” represents a channel and 

a culvert at the southeast comer 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 permanent 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 
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design scenario the Cell I final cover system is vegetated, the Cell 2 final cover system is 

unvegetated, and Cells 3, 4 and 5 are receiving impacted material (i.e., runoff from within the 

perimeter berm of cells receiving impacted material is contained and 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 I 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 N SWM system for the Cell 5 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 i n  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 JY 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, 20Oil. This program 

uses hydrologic procedures presented in U.S. Soil Conservation Services’ TR-20 [SCS, 19821 ’ 
F0130083 
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and TR-55 [SCS, 19861. 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 

[ 19851, as coded into the computer program CulvertMaster@ [Haestad Methods, 20001. Built-in 

subroutines allow the user to perform calculations for inlet and outlet control. The 

CulvertMaster@ User’s Guide [Haestad Methods, 20001 Theory Section is provided as 

Attachment A-4. 

HYDROLOGIC AND BASIN ROUTING ANALYSES 

Hydrologic and basin routing analyses are performed using HydroCADm for lo-, 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. 

FO 130083 
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Soil Name 

Rainfall Distribution 

Hydrologic 
Soil Group 

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. 

Raub 

Russell 

Xenia 

Miamian 

Rainfall Depth 

C 

B 

B 

C 

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) b 
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 

19921. 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 19921 

and soil hydrologic data in Attachment A-6 [USDA-SCS, 1980 and 19921. The soil names 

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

i 

D 
F0130083 
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FcA, FdA 

Rda 

RwB2 

XeB, XeB2, XfA, Xfs2  

MoE2 
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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. 

RunofS 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 N construction. Land use categories are associated with TR-55 categories of land use and 

ground cover (See Attachment A-7 from [SCS, 19861) and are presented i n  the following table: 

3 

Land Use Category HSG TR-55 Land Use/ Ground Cover 
Category 

CN 

86 B 
Unvegetated final cover system 
and liner system runout C 91 Newly graded areas 

B/C 89 

B 79 
Open space in poor condition 
- corresponds to 50% grass 
cover 

C 86 Vegetated final cover system 

B/C 83 

69 B 
Runon Areas East of the OSDF Pasture in fair condition 

C 79 

Farmsteads - buildings, lanes, 
driveways, and surrounding 
lots 

Impervious surfaces 

Disturbed area used for 
construction support activities 82 

98 
Sedimentation basin (SB) or 
direct runoff to SB 
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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 I : ]  ratio of B and C soils. A weighted CN for each subcatchment (CNs-i) is 

calculated as a weighted average of CNs present within the subcatchment. The following 

equation is used as coded into a spreadsheet: 

Where, Pi is the percentage of total subcatchment area for CNi. 

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 most 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: 

0 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 (risehn). 

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

S = land slope (risehn). 

0 

0 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 (risehn). 

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, 19861, as 

shown in the following table: 
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Unvegetated final cover 
system and liner system 
runout 

Vegetated area, construction 
support area and vegetated 
final cover system 

Smooth surfaces (concrete, 
asphalt, gravel, or bare 
soil) 

Grass: short grass prairie 

I 

Manning’s n 
for Sheet 

Flow 1 

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

in the Data Verification section of this calculation. 

Hydrologic analyses, for estimation of peak flow rates and runoff volumes (for evaluation of 

S WM 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); (ii) sideslopes (riselrun); (iii) length (ft); (iv) longitudinal slope (risehn); (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 input into HydroCADTM as one or multiple 72-in. 

diameter pipes. Input parameters include: (i) length (ft); (ii) slope (rise/run); and ( i i i )  Manning’s 

roughness coefficient (dimensionless). The culvert sizes selected in the computer model (i.e., 

one or multiple 7241-1. dia. pipes) are fictitious values used solely for ease of computation. 

Design of culverts (Le., 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 methodologies described in a later section. 

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

D 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. 

The stage-storage relationship of a basin is developed in HydroCADTM 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 modeled as broad crested 

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

F0130083 
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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. 

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: 

1.49 y y 
Q = - A R  3S,2 

n 

Where,.Q is the peak flow rate (cfs), n is Manning’s roughness 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 So  is longitudinal slope (risehn).  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. 
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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 4 fps and <I2 fps, respectively. Peak flow velocities are calculated based on 

Manning's equation, using a computer spreadsheet. 

The hydraulic capacity of each new culvert is evaluated for conveyance of peak flow rates 

from the 25-yeai, 24-hour design storm event. New culverts are made of cormgated metal pipe 

(CMP). 

Hydraulic Capncity \ 

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 outlet headwater elevations is taken as the 

controlling elevation. 

The following input parameters are required: (i) material type and culvert shape; (ii) inlet 

configuration; (iii) number of culverts and diameter (ft); (iv) length (ft); (v) inlet and outlet invert 

elevations (ft MSL); (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 I foot is assumed 

arbitrarily. Tailwater elevations 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. 
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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). 

thickness are listed below. 

Criteria for the selection of ‘downstream riprap length and 

0 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”). 

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

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

0 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 (Le., at culvert outlet) is not aligned with the longitudinal 

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

0 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 

reconimended 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 

b 
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For each new culvert, structural stability is evaluated. For culverts crossing roads used by 

heavy construction vehicles (off-highway vehicle road) a Caterpillar D400E articulated truck 

(D400E) [Caterpillar, 19981 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, 

19981. 

For CMP culverts, structural stability is evaluated using manufacturers guidelines [Contech, 

1999 - See Table in Attachment A-91 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. 

The existing basin is evaluated 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)  

0 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. 

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

event with no flow entering the emergency spillway. 

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. 

0 
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Analysis 

OSDF DS 

OSDF DS 

OSDFDS 

OSDF DS 

OSDF DS 

OSDF DS 

OSDF DS 

OSDF DS 

OSDF DS 

DC A 

DC B 

OSDF DS = OSDF 

Client: P r o j e c t : r n  Phase IV Project No.:=lR42 Task No. :16  

Feature Status Considered in  Design Comments 
of Structures 

Cell 1, 2, 3 liner system Existing Yes 

Cell 4, 5 liner system New . Yes 

OSDFBasin I Existing Yes Basin configuration as modified as part of Phase I V  

Channels and culverts Existing Yes 

Channels and culverts New Yes 

EPLTS Project Existing Yes ’ To be constructed prior to Phase IV. Therefore, 
considered existing for the purpose of this analysis. 

Cell 1 final cover system (vegetated) To be constructed prior to Phase IV. Therefore, 
considered existing for the purpose of this analysis. 

construction activities. 

Existing Yes 

Cell 2 final cover system (unvegetated) New Yes 

Access Control Facility Road Existing Yes To be constructed prior to Phase IV. Therefore, 

South East Channel New Yes 

Emergency Access Road New Yes 

Design Scenario 

considered existing for the purpose of this analysis. 

TABLE A- 1 

OSDF PHASE IV CONSTRUCTION ELEMENTS AND DESIGN SCENARIO I 

0 
0 
0 
0 
c, 

‘ 0  
- 
I- 
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d Benson, C.H., "Water Content-Density 
l of Geotechnical Engineering, 1990, Liners", ASC 

1811-1830: 

a :  . , ' .  :.,. . 
. . .  2.8 Surfacewater Management _ .  :. . ': . , . -. ~ ,, . .  

2.8.1 Categories of Surface Water 

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

. f s u r f a c e - w a t e r  runon from outside the battery limit &to within the 
battery limit; 

0 s@mw&wsurface-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 production area s t o m  
drainage control system. 

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

leachate and runoff fiom 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 ktxht- EPLTS (as discussed in Section 

. -  
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2.5 of this DCPk. 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 collectiodconveyance point acceptable to 
DOE and OEPWSEPA.  I 

I 
runoff h m  impacted-material staging areas; these I are' self-contained units; 
liquid generated in these units will be conveyed to the F E W  former production 
area storm drainage control system, or other on-site wastewater 
collectiodconveyance point acceptable to DOE and OEPAAJSEPA; 

runoff fiom 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 collectiodconveyance point 
acceptable to DOE and OEPMSEPA; and 

perched ground water that seeps into excavations; this water will.be contained, 
collected, and conveyed to the F E W  former production area storm drainage 
control system, or other on-site wastewater collectiodconveyance point 
acceptable to DOE and OEPAAJSEPA. 

The remainder of this section of the DCP presents design criteria for management 
of stormwaters and wastewaters. 

2.8.2 General Design Criteria 

The hc t ions  of the surface-water management system are to: (i) route surface 
water to designated locations where it can be appropriately managed; (i i)  protect the 
OSDF from damage caused by precipitation and s&mw&esuface-water runon and I 
runoff; and (iii) discharge surface water to existing watercourses in accordance with 
applicable regulatory and DOE requirements. 

The surface-water management system should perform in a manner that meets the 
project requirements for both temporary conditions (Le., 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 &xmv&ssurface-water runon to the OSDF and I 
uncontrolled stormwater and wastewater runoff from the OSDF. Features of the 
permanent surface-water management system should be, designed to require minimal 
monitoring and maintenance. The system should be integrated, to the extent possible, 
with existing topography, features, and facilities (design considerations). 

2.83 -urface-Water Management During OSDF I 
ConstructiodFillinglClosure - , L  

A. Designcriteria _ -  

Temporary surface-water control structures for the OSDF WwilJ be 1 
designed for the 25-year, 24-hour storm event (ARAR: EPA 40 CFR 
s258.26 and OAC 3745-27-08(C)(6)(a) and (b)). For the FEMP property, 
this event has a rainfall intensity of 4.7 in,  p par sons, 1995aI. 

. 

Temporary surface-water control structures W w i l l  - be designed to 
minimize silting and scouring (ARAR: OAC 3745-27-0S(C)(6)(c)). 

B 
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. 
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Prior to placement of impacted material into an OSDF cell, permanent 
runon controls must be in place. The requirements for permanent runon 
control are described in more detail in Section 2.8.4 of this DCP. 

Runoff &om disturbed areas should be routed to the appropriate temporary 
sediment basin or managed using other appropriate erosion control . 

practices. There must be no mixing of &emw&a-surface-water runoff and I 
wastewaters ( h c  t ional requirements). 

Temporary sediment basins WwiJ meet the follo.wing criteria of OEPA I . 

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

the minimum acceptable basin storage SkaUwilJ be established as the I 
larger of the calculated runoff volume from a 10-year, 24-hour storm 
event, or, 0.125 acre-ft 
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. @&i+u@ I 
parsons, 199SaI; 

per year (for each acre+) of I . 

the principal spillway WwiJ be capable of safely discharging the flow I 
from a 10-year, 24-hour storm event; the inlet elevation of the 
emergency spillway WwiJ be designed to provide flood storage, with I 
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 ((6xdXii)); as previously noted, for 
the FEMP property, the 25-year, 24-hour storm event has a rainfall 
intensity of 4.7 in. &2&mm)-Eparsons, 1995a]; 

the combination of principal and emergency spillways should be capable 
of safely discharging the flow fiom a lw-year, 24-hour storm event; the 
basin embankment design should provide for no less than 1 ft (&&+of I 
net freeboard when flow is at the design depth, after allowance for 
embankment settlement ((6)(d)(iii)); for the FEMP property, the 100- 

I 
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year, 24-hour storm event has a rainfall intensity of 5.6 in. (?&-am) 
[parsons, 19954; aRQ 

the basin WwiJ be constructed using a compacted soil liner, a 
geomembrane, or a combination thereof ((6)(d)(ivs)); and 

sediment basins will be equipped with ring buoys and other 
safetddrowning equipment in accordance with USOSHA 1926.106. 

With respect to the last ARAR ((6)(d)(iv)), on 24 February 1992, the OEPA 
DSIWM issued the following guidance on the need for lining ,sediment 
basins: 

'The sole purpose of a liner in a sediment basin is water retention. 
Therefore, a design capable of pondinR 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 scarifL and recompact the clay 
surface). The landfill engineer is responsible for meeting the 
'jponding" standard In areas with more permeable soils a 
recompacted clay liner is necessaty, but the QMQC standards can be 
minimal and certainly do not need to follow the landfill liner 
stanhr&. " 

The foregoing requirement is interpreted as allowing the development of 
unlined sediment basins in the low-permeability tills underlying the F E W .  
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). 

1 -Surface-water runoff from the F E W  watersheds i&hdXDF 
to the receiving water course (e.g., Paddys Run) should be discharged at a 

€%WW%GQ 1001-05/F953ooo4.6D I EK: 2-96 

q 
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rate no greater than the predevelopment runoff discharge rate [ODNR- 
WAK,  19961 (design consideration). 

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

0 Channellining: 
- peak flow velocity in riprap-lined channels should be less than 12 ft 

per second-&Tm&, unless it is demonstrated that greater velocities I 
will not cause erosion or malhct ion of the surface-water 
management feature; and 
peak flow velocities in grass-lined channels should be less than 5 ft 
per second-&S-&). I 

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 (O-Sm)-under the design I 
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 malhction. 

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

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

00.05.05 I 
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ct nnels should be protect from erosion using riprap or erosion mats 
for a disaw-length of at least~two culverts diameters upstream and a 
width of at least three culvert diameters f the 
culvert inlet- . 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 lininp will be two times DSO, but not less 
than 6 in. and will be underlain by geotextile filters. 

- 

Riprap &will - be designed according to the following criteria (design 
considerations). 

For channel lining, riprap should be sized to meet the following criteria 
IODNR, 19961; 
D,, = 62.4 pcf x d x SI4 

where: D,, = theoretical spherical diameter of average stone size; 
d = peak flow depth for the design storm event (e); and 
S = channel slope (rise/run). 

- 

Riprap should meet the following particle size criteria [ODNR, 19961: 
- D,, = 1.5 x Dso 
- D,, = 0.5 to 0.75 x D,, 

where:G,- :: a,= I 
theoretical spherical diameter of largest stone size; and D,, 
= 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 DSO, but not less than 6 in.-(kWmmj. 

( X W Q - O W G Q  IO0 I -05/F9530004.€DQCDI BC 2-98 0 0 . 0 5 . 0 ~  I 
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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 A+IS-mj. 

,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 riprap, if required to prevent 
undermining of the riprap. 

0 Rock, grade control structures should be designed according to the 
following 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 height of rock, grade control structures should be 1.5 ft 
QMS+)-and the minimum top width should be 2 ft+Mkj.  

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 azea 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 using geosynthetic 
materials, vegetation, crusting agents, check dams, straw bales, silt I 
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 runcm 
control, surface grading, and the selective use of erosion resistant 
impacted materials to control erosion of impacted areas. 

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 &xmw&eesurface-water routing and -sudace-water I 
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 

D 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. RunonRunoff routing and sediment basin sizing may be 
evaluated using the procedures described in USDA-SCS Technical Releases 20 andor 
55 WSDA-SCS, 1975, 1986al; an acceptable tool for performing these calculations is 
the computer program “HydroCADTM Stormwater Modeling System” [Applied 
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Microcomputer Systems, 19931. The above evaluations should be based on the 
information and guidance contained in USDA-SCS manuals [1985, 1986b, and 19881 
and ODNR-BSWG [ 19961. I 

Culverts should be sized in accordance with US. Federal Highway Administration 
guidelines IIJSDOT, 19851 and meet the structural design criteria contained in 
applicable design references such as the Concret gn Man& [America 
Concrete Pipe Association, 1970 1. 

In the event that. a channel bottom grade is less than .O.:f+ercen4.1 analysis should,. . . 

be performed to establish that the channel does notklog..or.:build up ; sd imen t . . h t . . .~ l l  , .. 

cause loss of flow capacity in the design storm event.+.:?-; 'i: ...:.;. . .; .. : . .  -..;. 

.. 

. .. -. 

B 
2.8.4 

A. Design Criteria 

Sbww&e& urface-Water Management After OSDF Closure 
i 

Permanent runon control structures for the OSDF 
interruption and damage (Le., washout) of the OSDF in the 2,000-yeaq 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. 
f33BfttRtflparsonsY 1995al. Runon should be controlled and .diverted away I 
fiom and around the OSDF using channels or diversion berms (design 
consideration). 

be designed to limit I 

0 Permanent runoff control structures for the OSDF sh&will.be designed to limit I 
interruption and damage (Le., washout) of the OSDF. in the 2,000-year, 24-hour 
storm event (design criterion for assumption of a DOE Performance Category 2 
facility). 

- 

0 Permanent runoff control measures should be designed according 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 fmd cover. 

Runoff 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 toe should 
outlet to existing drainage features at the battery limit. The location of the 
outlets should progress fiom north to south concurrent with the progressive 
development of the OSDF. The final outlet location for runoff &om the 
eastern portions of the OSDF should be immediately south of the southern 
limit of the OSDF. 

. Permanent drainage channels WwiJ be designed.; .to,.:meet:. the : following. I 
. ... criteria (design considerations). .. ..:: .; 

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

The f d  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. 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. 

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. 

oo.os.os I 
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- Flow velocity in the channel during high frequency (e.g., 2-year return 
frequency) and low-intensity (ie., approximately 1 in. (*win 24 
hours) storm events should be large enough to limit sedimentation in the 
channels, to the extent possible. 

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

The freeboard in the drainage channel should be at least 0.5 A (&S--mj 
during the design storm event. 

. 

. 

I . 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 
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 traffk 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. 

Culverts 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. 
-f the culvert inlet- . 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. 

0 Riprap, if needed, should be designed as described in Section 2.8.3 of this DCP 
(design consideration). 

CXWUWKX I 0 0  I -0SlF953O0O4.68BCD I 8'2 2- 103 00.05.0S 1 
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. 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 Technical:..:Approach.:Document. . ,, 

.. : .. . . .  . 
. . . .  , . . .:... , . . .:. \,:.: 

. .  POE, 19891 (design'consideration). . :: 

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

features where necessary to prevent Underminiiig:! :of i the.:: ri prap::: (design . . : 
, .  -. 

. . -  . .  consideration). >.:., ..; .... ::, :.- :. ...:;:3:.:.. --. -. 

Rock grade cqntrol structures, if used, should be designed;to:.meet .the:criteria-.: 
. .  . .  . .  

. .  . .  . . .  ' . . .   listed ih Section 23.3 of this DCP-(design consideration). !::.> : .:-'. :. .. 1: .. ',.. 

. . .  

.. , . :. .Stormwater. runoff fiom watersheds in the F E W  to::the:receiving.waterecouise.. . 

(e.g., Paddys Run) should be discharged at. a.:.rate no.':.greater .than. the 
predevelopment runoff discharge rate [ODNR-eswS,' 1-9961 .. (debign 1. . 

. .  
. . .  . . , . . .  consideration). . , , . . , . . 

r 
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 F E W  remediation. 

I B. Calculations ~ % (  

Calculations should be performed. to size the..., drainagei.::channels for each 
contributory drainage area. For these areas where a..permanent drainage channel is not : 

needed, the amount of surface-water runoff should beicalculated. -...The. calculations that .: 

. .  , : _ .  . . .. should be performed are described below. .;.: , : ... . .. , ! ..& ';';. 1; . ':,'.: :.: 

. The amount of surface-water runon and runoff should :be..calculated for each 
<:.:- . ,,.... I . . ' .  contributory drainage area. .,. :.: . ,,,.I .2:. . ; 

0 The size of the permanent drainage channel should: be.c.calculated: .for .each 
. .  

., , . . . .  . .  contributory drainage area. ;. (..." ' .  i. '.' 

00.0s.05 I 
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. .  The above calculations should be performed using the design. .storm. events 
. .  previously . .  identified. Runodrunoff routing. and..-.sediment'. .basin- sizing may . be 
.. . . .  . . , evaluated:using the procedures described in USDA-SCS..Technical Releases 20 and 55. 

WSDA-SCS, 1975, 1986a];& acceptable tool for:perfo+gi.these.;calculati,on is the . 

'computer program "HydroCADTM Stormwater:. Modeling. .::.-System" [Applied 
. ... :\ . .  .. LMickocomputer' System, 19931. The above evaluations -shoddibe ;based.on. information 

. :" . .  : .:... . .. and guidance contained in USDA-SCS manuals [ 1985,P 986b,11,988.]. 
. .  

in the event that a channel bottom grade is less than05 percent;.an analysis.Should 
: . .  . ; be performed to. establish that, the channel does .aot.:clog: or; build.,up:.sedimenti'that will- 

' .~  . .cause loss of flow capacity in the design storin event. :::: /. :- 

The erosion resistance of the permanent drainage channel at the north and east toes 
of the OSDF should be evaluated as follows: 4. . 

. obtain the allowable tractive force on the channel vegetation and topsoil using 
methods established by Temple et al. [1987], as described in the DOE 
Technical Approach Document [ 19891 and referenced documents; B 

. establish the actual tractive force on the channel vegetation and the "effective" 
tractive force on the channel topsoil using methods established by Temple et al. 
119871, as described in the DOE Technical Approach Document [1989] and 
referenced documents; 

. ... 
' 0  determine the potential for erosion of the drainage,;.channel. by comparing the 

allowable' tractive force on the topsoil to the "effectit;e'!;;actual tractive;.force on 
. .  , ' .  ..,_ .,., ... the topsoil; and . _ ,  

. . .  

0 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 119891 and referenced documents. 

. .  00.05.05 I 
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. . .  :' -..:..:.. % .  . .  ';. .... Leachate . .  - h., . . . . . .  . . . . . . . . . .  . .  

. .  
. ...4..... :.;_ ... . .  . .  . . .  

~ 

. . . . . . . . . .  . . .  . .  :>.< - . :  ..from, the impacted material that has been disposed in the OSDF. (functional 
. . . . .  . . . . . .  . . . . .  . . .  .: :.. requirement). .Placement of impacted material in,::..OSDF cells &&will. be: - . .  . . :  

4 0 1 4  

. .  

. 

. 2.8.5 Wastewater Management 
. . . .  . .  . . i..'.. 

. . . . . . . . .  ...;,.' ,;::< ..:.- . . . . . . .  Wetewaters:that will be encountered in development :oEthe: OSDF..were identified 
. . .  .... . . . . . . . . .  . . . . . .  . .  '. h.Se~tion.2.8,l of this DCP. 'These wastewaters shoulii+e.managed as follows. : 

b 

Impacted 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 conveyed as described in this Section. kqxxstd 
1 A . n  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- . 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 F E W  former 
production area storm drainage control system if possible, or to other on-site 
wastewater collectiodconveyance points (if necessary) acceptable to DOE and 
OEPNUSEPA (design consideration). Additional discussion of the Icttf3adgB 

OMTA is presented in Section 2.1 1 of this DCP. Runoff 
from impacted material -haul roads should be contained within the haul 
road boundary and allowed to flow by gravity to the F E W  former production 
area storm drainage control system, or to other on-site wastewater 
collectiodconveyance pints (if necessary) acceptable to DOE and 

' 

. .  
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USEPNOEPA. Drainape control structure for impacted material haul roads 
should be designed for the 2S-year, 24-hour storm event. (design consideration). 

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 
(including pumpage to the impacted-material haul road, where the water will be 
allowed to flow by gravity to the FEMP former production area stonn drainage 
control system), or to other on-site wastewater collectiodconveyance points (if 
necessary) 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 discussed in Section 2.10 of 
this DCP. 

2.8.6 References 

F E W  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", American 
Concrete Pipe Association, Arlington, VA, February, 1970. 

Applied Microcomputer Systems, "HY&oCAD~ Stormwater Modeling System", Version 
3.10, Chocorua, NH, 1993. 

Chow, V.T., "Open-Channel Hydraulics': McGraw-Hili, Inc., 1959. 

Department of Labor, OSHA Construction Standard, 29 CFR 1926.106 "Working Over or 
Near Water. *' 

Fernald Environmental Management Project, "Fluor Daniel Fernald Saf& Performance 
Requirements Manual", RM-002 1. 

CZX%%WW1001-05/F953W.~DIW 2- 107 
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Ohio Department of Natural Resources - Division of Soil and Water Conservation 
(eewa-eswsODNR), "Rainwater and Land Developmenl", 2nd Edition, 1996. 

. .  . -.. . .Parsons, "2,000-Year Flood and Probable Murimurn..: .Floods.:Sitewide Flood Plain 
.. . ,  . . .  . .  . Determination", CERCLARCRA Unit 2, Project 'Order.: l48,.:.Femald '.Environmental 

Management Project, Rev. A, . .  Fairfield, OH, August 1995% :.-..., :.,:.; I: ;?!.. " I- 
'.' . : ' .  . .  

.:. . . . .  Richardson, E.V., et al., "Highways in the River '.'Environment - Hydraulic and 

.' ,' ' ' .', 'Environmental .Design Considerations, US.  Department:: of.:Trdnsportation, Available 

.'-:." : .  . 'from'. Publications Office, Engineering Research Center, Colorado :State University, Fort . .  
. .  . . .  . ' .: . 

. ' ..Collins, CO, 1.975. 

. 

. .  . .  . > ,  . . . . , . .  . .  

. ,Temple, D.M., Robinson, K.M., Ahring, RM., and...Davis,i.A.G ., Stability Design of 
Grass-Lined Open Channels", US. Department of :;Agriculture;,'Agriculture Research. 
Service, Agriculture Handbook Number 667,1987. .:. . .  i 

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

D 
US. Department of Agriculture-Soil Conservation Sewice .(USDA-SCS), "National 
Emergenq Handbook Section 4 - Hydrology", U.S. Department o f  Agriculture, Soil 
Conservation Service, Washington, D.C., 1985. 

U S .  Department of Agriculture-Soil Conservation --Service (USDA-SCS), "Urban 
Hydrology for Small Watershe&', 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. I 

U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), "Water 
Management and Sediment Control for Urbanizing Areas", US. Department of 
Agriculture, Soil Conservation Service, Washington, D.C., 1987. 

~1001-05/F9530004.6QeCD I €IC 2- 108 00.05.0s I 
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U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), Ponds - 
Planning, Design Construction, Agricultural Handbook Number 590, U.S. Department of 
Agriculture, Soil Conservation Service, Washington, D,C., November 1988. 

US. Department of Transportation (USDOT), "Hydraulic Design of Highway Culverts", 
Hydraulic Design Series No. 5, Federal Highway Administration, McLean, VA, 
September 1985. 3 .  

U.S. Department of Energy (DOE), "Technical Approach Document, Revision I . ,  
Uranium Mill Tailings Remedial Action Project, December- 1989. % 

2.9.1 Genet 

The fknction of s 
the performance of, 

benchmarks, construction su 
materials storage areas, access co 
transmission system access corridor. 
wastewater systems. Design criteria are 
these elements. 

uring construction, filling, 

ds and leachate 
include electricity, water, and 

separately in this section for each of 

The support elemen able support for the activities 
SDF. Utilities rn e reliable service to the 

d utilities should be 

codes at the EMP and with applicable health and safety requirem%for the F E W .  
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HydroCAD Technical Reference 99 

Section 21 - Introduction 

Uoderrtanding EydroCAD 

HydroChD i.l a collection of techniques for the generation and muting of hydrograph. It also 
provides many other relaled calculations, such as time of concentration. weighted curve numbers. 
pond volumes. stagedischarge curves,  el^ Thb broad range ofcapabililia a b w s  a large number 
ofs tudiu  to be performed entirely within HydmCM 

HydmCAD i5 a hyf logmph muringmodr!. It b designed specifically to handle time uaqingflows. 
m required far pond design and other volumesensitive calmlatiom. As such, HydmCM mute5 
mmpletely thmuph o w  node at a time. Only aRcr determining the outflow hydmgraph from a 
given node does it consider the next node downstream. 

Certain calculations. such c+ channel backwater or pressurized pipe network. are nomrally 
analyzed under consfant f i w  eOndilion5. These Lazkr may be bcst addressed by steadyatate 
numerical (echniques. and not by a hydrogsph routing system such as HydroCAD. Same project3 
may require the use of HydroCAD LO model the overall drainage system. mmbined with a steady- 
stab analysis of specific components. This is an unavoidable mnsequence of the diITerent 
methodologies 

Purpose  of th i s  section 

ThisTechoical Reference describes the exact calculations performed by HydroCM. It is intended 
to pmvidelheengincer with insightinlothesetechniqurs so that their application and limilationl 
can be better understood. This section also provides the information n e u a r y  for independent 
verification of HydroCrrD’s results 

Where nddilional inCormalion is needed. the reader is urged La consult one oflhe references listed 
on page 133. In this manual. specific references are made lo the appropriate sources. These 
references are in the form 13 p.121. meaning reference number 3, page 12. 

This Technical Reference does MI contain operating instructions for HydroCAD. or information 
on the routing d i i g s m  or other operational (eatures. For thb inionnation. please see the && 
Guide. which begins on page 41. 

If  p u  wan1 a more general overview of hydrologic techniques. please see the InLmduction to 
HvdroCM beginning on page 1. 

100 HydroCAD Technical Reference 

Section 22 - Determining the Time of Concentration 

One of h e  key elemenlr required foc any -O(T ulculattoo is the T m  of C o ~ m m I i o n .  or T.. 
The T. u commonly defined ea the time rqulred for runoff to (ravel fmm the mort hydrologidly 
distant pomt of the watershed to the point of collectran. 

The time of mncentraUon IS mmmonly determmed by summing the (ravel time (T.1 for each 
m m I I v c  flow sezmtnf along the subcatchment’s hydraulic path This p- q u i r e s  
identification of the lyp of flow m r r i n g  in each segment. and application of the sppmpnate 
method far calculating lhe T. Although these segments will DCNT in a given physical order. the 
order in which they are used in the prognm har no died a, the total travel time 

HydmCM provides a variety of LNhniquu for calculating the T.. plus other procedures (such m 
the Curve Number method) which are daigned to dim& debrmine the overall T.. lhess 
procedures are discussed below. If necessary. the T, or T, may .Lo be determined by other 
pmcedum end entered inlo HydroCAD directly. 

The determination of the tune of concentration is one of the most widely dcjcursed areas of 
hydrology. T h e  s a d  method(rl used on M Y  given pmjed depenb upon actual site wndatrooz. 
regulatory requirements, and sound enpetring Judgement. 

Curve Number Method 

The Curve Number Method I10 p.15-71 was developed to allow calculation of the overall T under 
a wide range of conditions. The method t designed for areas o f  2000 acres or I& I h e  
calmlatian is quite simple. but requim a pmper undentanding of the input requirements: 

T e r n e  01 cmenlralbn Fours] 
L-bg lime ( h m ]  
I=Hydraulic lmgh 01 Lhe watanhed [lee11 

Y=Average land skp Lp~ncenl] 
S-Potential maximum retentian [hchesl 

CN=Weighted Curve Nwnber (See lables on page 137) 

N o h  the use of lhe  average land slope. and not the slope ofthe hydraulic path. Determining this 
accurately requires placing a grid over the suhatchmenl and averaging the slopes for all squares. 
Although same care  is required LO determine l h is  value. the Curve Number methad has the 
advantage of using a m a l l  number of fairly objective parameters. This Providcs more consistent 
results than some other approaches. 

000055 
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TR-55 Sheet Flow Procedure 

me T R . ~ S  Sheet Flow procedure ( 1 1  p.3.31 is designed for flow over plane surfaces. as usually 
X C U ~  in the headwaters ora stream. The following equation k used Cor sheet flow: 

T -Travel lime [hours1 
&anning's Coeficient tor sheel ( l ~ w  (see page 1%) 
L=Flow h g l h  [laell 
P,=Z-yaar. 24-hwr rainIan rnchesl (See map on page 145) 

s=Land slow (along llow palh) [IW 

Determining the actual length of sheet flow is critical to this method. Although the d i q u e  
WQJ inrended for lengths up to 300 feet, some agencies now recommend a maximum of I00 feet 
In any case. the length should not extend past $e point where there is evidence of conclnlratcd 
flow on the gmund. The length is also mitical in that Sheet Flow is o f k n  a dominant factor in 
a subcatchmenL*s total Tc. 

Upland Method 

The Upland Method 110 p.15-61 is designed for conditions that occur in the headwaten of 8 
w a t e d e d ,  including overland flow, grassed waterways. paved are-, and &ugh small upland 
gullies. Although commonly 
published as a chart of velocity vs. slope for vlriou.5 surfaces. upland method ia based an the 
following equation: 

Upland method is applicable to areas of 2000 acres or less. 

T 

Shallow Concentrated Flow 

ThaTR.55 Shallow Cancentrated Flow procedure 111 p.3-SI is ofthe same mathematical fo* 84 
the Upland Method (above). The essential diKerencc is that i t  utilizes only two surface types. 
p w d  and unpucd. (Seo page 157 far the corresponding K., values far these surfaa.) Due to 
the similarity between Upland Method and Shallow Concentrated Flow, HydroCAD utilizes a 
single screen for both methods. and combines the K,. values from both methods into a single table. 

HydroCAD Technical Reference 103 

Section 23 - SCS Unit Hydrograph Procedure 

The USDA Soil Conservation Sewice* has developed a number of techniques far analyzing 
stornwaler runoff. One of the most widely used is the SCS Unit Hydrograph procedure (SCSUH). 
The SCSUH procedure is a principal component of SCS Technical Release 20. commonly known 
PS scs TR-7.0 121. 

The S W  p r d u r s  is the  primary runoff technique provided by HydmCAD. Although 
HydroCAD does not employ any of the actual code from TR-20. i t  is based on the sans SCSUH 
procedure and will produrn essentially the Lame mnoR resulLs. 

Due to the computational requiremenu ofTR20. the SCS produced a simplified. derivative Loo1 
in the form ofTR.55 (111 Tabular method. TheTabular method is designed to approaknate the 
resulb that would be obtained from TR.20. but uses various approximations that cause redud 
accuracy in many situations. Because of this relationship. TR.20 will always provide q u a l  or 
greater anof f  accuracy. and is therefore preferable for most projecu that call for h e  TR-55 
Tabular method. (See page 13 for a detailed comparison of these Lechniqua.) 

Synthetic Rainfall Distributions 

T h e  SCS unit  hydrograph 
procedure commonly utilizes a 
rynthdlminfal l  distribution. The 
SCS has developed several 
standard distributions that mver 
the entire US.  These are 
commonly expressed as m a s  
c u m s .  as shown a t  right and 
discussed on page 142. When 
combined with national rainfall 
maps (staaing on page 116). these 
distributions eliminate the need 
for local 1Dk cu~ycs 85 employed 
by the Rational method. In fact. 
the rainfall distributions contain 
the same infomalion in a reduced 
farm. 

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 HydmCAD. This is because the 
synthetic rainla11 distributions encompass all duration rvcnts in a single calculation, while the 
Rationsl method requires a seeparala calculation for each duration." 

stom rainfall dirvibutions may also be used with the unit hydrograph procedure. but lhb is 
.rely necessary. It is not uncommon La conlure a lad IDF curve with a rainfall distribution. 

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

D 

Channel Flow 

4 0 1 4  
--t , j .; ;i;3 

The Channel Flow pmedure I11 p-3.31 is commonly employed where surveyed &s sections SI 
available, or anywhere the velocity c a n  be reasonably determined by hfmning's equation. 

I o  addrhon to allowing direct entry o f c m s  sectional area and wetied penmeter, HydroCAD a n  
automatieallycaldaLe t h a e  paramelen for renangrlar. vee. Iraperoidal. parabolic. aod amular 
c h a m &  See page 128 for details. 

Other Tc Procedures 

Other T. procedurrs wn be employed by entering the  calculated value d i m t l y  into H y d d m .  
This can be used ~1 the total T. for a suhatchment. or mmbined with additional flow segments 
cakutabd by other -M. One situation that calls for direct T entry is modeling the 'run& 
on the surface ora pond. This requim the dim1 entry of a T. if =em.- 
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Data Requirements for SCSUH Procedure 

The following data is required for the SCS unit hydrograph procedure 85 employed in both TR-7.0 
and HydmCAD. Some ofthese items are provided far each individual subcakhment, while othen 
apply to the entire watershed. 

The curve number (CN) characterizes the type of soil and ground m e r .  A high 
CN (such as 98 for pavement) indica& minimum retention. while a low CN (such 
8s 30 for certain wooded areaah indica& a lame relention capability. A detailed 
teble ofcurve n u m h n  begins on page 137. See 1101 for a detailed explanation of 
CN selection. In the case of a subcatchment composed of more than one CN 
HydmCALl cnkulates a mmpmite CN hy summing the produ& of each C i  
multiplied by ib perceotage of the total area. 

The total starm ralnfd (in inches) is delemined for m y  specific location born 
U S .  Weather Bureau maps based on the desired return period (2,s. 10 2 5 . 5 0 , ~  
100 years). Thir is the total precipitation that will Dcmr during &e s t o a .  
Rainfall maps for the Unikd Stales begin on page 146. and are taken fmm [I l l .  

The storm type is selecbd according to the gmgmphic location and any special 
project requiremenb. For each storm. HydroCAD contains a mass curve indicating 
how the rainfall will be diztribured over the total duration OC the  s t o m  

HydmCAD provides an extensive library ofrainfall disrributioru. including the SCS U-hour tvpe 
1. IA. U, and 111. (See page 142 fw details.) The SCS rainfall d a b  is in the form ofskond+der 
fitted equations. which guarantee a smooth runoff hydrograph h e  of 'step.' or ather 
imgularities. 

The actual d a b  for t h u e  storms (and others) is contained in the R A I N F A L L W  file which b 
insralled with HydroCAD. The file also contains other raincall distributions for Florida, Illinois. 
etc. Other storms may tk added by editing this file. See the instructions in the file Tor details. 

Each storm type includes a default raidall  dura t ion ,  such as '%-HOUR.' Mast 
studies utilize this standard duration. If another duration is required. the 
duration value may be edikd. and HydroCAD rescala the rainfall to match the 
desired value. For example. a PUFF 6-HOUR storm (used in Illinois) can be 
automatically rescaled to 9 h a u s  by specifying HUFF 9-HOUR. This is mmt 
useful for localized rainfall distributions (such as the Illinois HuR Distribulions) 
tha t  use the same distributjon for many durations. 

The uni t  bydmgrapb is a dimensionless curve that shows the runoffdistfibution 
resulting fmm one inch of precipitation ucerr  occurring uniformly ever Lhe 
watershed during a specified duntian [ I  p.471. HydroCAD provides the standad 
SCS unit hydrograph 12p.2401. plus others in the UNITHYDR.TXT file 
Additional unit hydrographs may be added 'by editing this file. See the 
inslructions in the file for dcbils. 
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ScSlJl Runoff Genera l ion  

The runoff hydrograph is generated by perhrming a convolulion of fhe m i l  hydrogroph wirh fhr 
mhfdl ~ L C I I  85 described in II p.47.531 and 110 p.16-21. A brief description of the HydraCAD 
implementation follows: . 

1) AI any time during the storm. the cumulative precipitation (rainfall depth) can be delemined 
from the relected rainfall distribution when multiplied by the total rainfall depth. T h e  cumulative 
omipirntion exess (runom can then be determined by the SCS runoff equat ion  111 p.2-ll Q D 1 p.10-51: 

2) The storm is divided inlo a series of rainfall bunts of duration DrW15 Tc. The precipitation 
uceu occurring dwimg any interval D a t  time 1 can he calculated by: 

3) For each burst. the unit 
hydrograph defines how 
tbk volume of ~ n o f f  will 
m r  wez time. The 
vo lvmr  of t h e  u n i t  
hydmgraph u given by d 4  
(ahwe). The d u d i n n  of 
the unit hydrograph is 
related to Tc and D w 
shown. The mutt is that 
the dimcnrionlcw unit 
hydrograph bas heen 
dimensioned. 

4) The runoff from the 
entire storm is determined 
b y  s u m m i n g  t h e  
hvdmm.hsmultitu? horn 
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Section 24 - Santa Barbara Urban Hydrograph 

The Sanu B s r h m  Urban Hydrograph method (SBUIO was developed by the Sanm Barbara 
Couoty(California) Flood Control aod Water Consewatton District. TheSBUH method has many 
rhlantiea to the SCS Unir Hydragraph p d u r e  discussed in  the prenous chapter. Both 
(eduliqua employ the fame SCS curve numben. runoff equation. and rainlall distributions 
However. the SBUH method dDu not u1h.e a unit hydrograph or the wnvolution pmcc;s. 
Instead. M instantaneous hydmgrnph u geoersred and then routed through an i m w n a v  
reservoir with a time delay q u a l  to the subcatchment's time of concentration. 

T h i s  c a l c u l a t i o n  is 
re la t ive ly  s imple  i n  
wmparison to the SCSUH 
pmcedure. and lake3 1 0 s  
lime to paform. While the 
availability of the SCSUH 
p d u r e  might appear Lo 
eliminate the need for the 
SBUH method. some 
Icd i t ies  prefer the SBUH 
m e t b o d  for  s p e c i f i c  
situations. 

Runoff Calculations 
There are two distinct 
s t e p s  i n v o l v e d  i n  
generating a runoff bydrogrsph by the SBUH method: 

1) Compute the ins tan taneous  hydrograph: The storm is divided into equal time 
incrementa (dt). At each increment. theSCS RunoREquation (see page 107) is used m determine 
t h e  precipitation excess. The difference between the successive values represents the 
insurnhoeour runoff a t  lhat p i n t  in time. A typical instantaneous hydrograph is reprevented 
by the dashed line in the above graph. 

2) Compute the runoff hydrograph: The runoff hydrograph i s  obtained by muting the 
instantaneous hydrograph through an imaginary reservoir with L lime delay q u a l  to the time 
ofconcentration. The follwring qualion is used to estimate the routed flow at each point in time: 

. .... .,.. .- 
L.i i . SCSUTI Runoff Cons idera t ions  

11 The runoil hydrograph consisk of B series olordinales(CFS flows) at evenly inkrva 
'dt.' Each ordinate specifies the o u r w e  flow during the inlewd. hs B result. if pes 
occurred within one interval. the hydrograph would indicae an average flow that mighf I 
significantly less than tlie inrtanbneous peak. This is likely to occur when T. is less than 2d 
so HydroCAD displays an idormalive warning in these eases. 

: ;  5-b 

when you encounter lhir situation. keep in mind that the instantaneous peak can exceed th 
average for a time no longer than dt. which is commonly 6 minutes. In practice. such B shot 
instantanmu peak is usually attenuaLed to the average value by Lhe storage characteristics 
the lint reach or pond. However. if  a true inslanhneous peak is required. the runoffinterval (dl 
may be reduced. b nppmximately one-half the T.. 

2) TR-20 has no inherent limihtianr om the time ofconcentration. A i  T approaches 0. the -a( 
curve approachesthe precipitation excess curve, which is the expected lktingcase. '  Similarly 
for a very large T, the entire storm bewmes a single rainfall "burst' and the mnofi approache 
the shape of the unit hydmgraph. 

3) When making comparisons to TR.55, note that the TR-55 tables were produced for B cum, 
number of75 and require a precipitation ex- ofat least 1.5 inches. As conditions deviate fion 
these. increasing difference of up to 25% can be u p c t e d .  

4) Runoff hydrographs are generated for a specified time s p n ,  with a default retting of 10.20 
hours. You must ensure that t h i s  span is suitable for the purposes of  your analysis and the 
rainfall Crpe k i n g  used. If YOU are primarily concernad with peak flows. you CM reduce 
urlculation time by using a shorler time span. However, for ponds and other volume-sensitive 
studies. make sure the time span begins a t  or before the earliest mnaff. or this early volume 
won't be included in your calculations. HydroCAD wil l  generate an submatic warning message 
if the span is not adequate to include the earliest inflow inlo a pond. ALo keep in mind tha t  the  
volumes displayed hy HydroCAD include only the specified time span. By increasing the ending 
time lo 25 hours or 50. youll get a wmplete picture of the storm. (See page 07 for a further 
d-ion d d t  and lime span selection.) 

5) As a safeguard, HydmCAD p e r f o m  an aubmatic check ofrunoffpeaks in relation to the time 
span. A warning message is displayed ifthe calculated time of the peak doesn't fall within ihe 
middle 90% ofthe time spsn. If this warning appears. YOU should examine the hydrograph and 
adjust B e  time span accordingly.u 

a Although HydroCAD applies a number of (erk (0 check the a m r a c y  of your 
model. a visual examination of all hydrographs is highly ncornmcndcd. This will 
help Lo de& erroneous input data and ensure meaningful resulk. 
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Section 25 - Rational Method 

The Rational method or Modificd Rational method may be wed to generate runoff hydrograph. 
However, since Rntianal method was developed primarily for predicting p a k  flow iL?; me is not 
advised for volumesensitive routing calculations. The Rational method predicu &e peak mnoN 
according to the formula: 

1 4 .  

O=Peak RunM [CFS] 
C=Rmfl  Coenicient 
i=Ralnlan intensity [ i r l  

*=Ana [acres] 

In order to generate a complete hydrograph (as required by HydroCAD). i t  is assumed tha t  the  
NUOR begins nt the start Of the s t o m  and increases linearly to the peak value at  time T The 
peak runoff is sustained until the s b r m  duration (D) has elaped. and then decreases line;rly to 
zero over the interval. When using the Modikd Rational method, the flow decreases a t  half the 
rate. over the interval 2T.. 

The runoff always begins at the 
starting time given in the Calcuwe 
screen. This may be any value. 
although 0 hours h traditionally 
used. 

lr  C is not specified. a warning 
message u issued and the 
approximation C.CNll00 is used. 
This estimate is implemented only 

preliminary onalysu and must be 
-la produce reliable= 

for the pu'parr of performing a 

, , . ... 
, *, . . , . i ;  I . . : .  , .  . .  

The user must chose the crilkal I ' . " . . :.. 
dumtwn (and the corresponding 
intensi1y)thatresuIcrinthe maximum combined r u n o l i a t r a ~ p o i n r  Yrfudy. Dependingo" the 
spen.8~ watershed. this may occur a t  any duration between the shortest and longest T AS the 
study progruws downstream. the critical duration generally increases. but some trial ind  e m r  
is required for an  a m r a t +  determination. Note that as the duration is changed, a11 upsweam 
subcalchmenb are Property resalculakd for the new vnlue. This is the correct procedure for 
applying the Rational method. despitc frequent misuse ofthe method in which these valuer are 
held constant. 

Since a hydrograph produced by the Ratianal method dces not reflect the total storm runomor 
the variationin intensity. it is not recommended for the design and analysis of dclention ponds. 
I t  is strongly advised that the SCSUH or SBUH ru~ffmethodology be used when pond routing 
cnlculalions will be pedomed. 

A typical runoff hydmgraph is shown by a solid line in the graph above. Note the delay and 
reduction in the peak caused by the routing procedure. 

._ - 



Section 26 - Reach Routing Calculations 

A reach is used to perform an indepmdmr hydrograph muling for an open channel or a pipe 
flowing underopenshaonel conditions. A chaooel or pipe can alternatively be mcdeled ai a flaw 
segment within a subcatchment, where its travel t h e  will contribute.ta the Tc. The later 
approach is uruolly simpler, and may even be necessary in the case of a subcatchment that is 
draining along the entire length of the reach. However. for a long reach with a significant inflow 
s t  one end, B separate reach routing may be &led far. This section details the procedures used 
10 perform an independent reach routing. 

. 

.'ne Routing Curves 

Reach routing requires that the reach first be characterized by two curves: the end-area vs. depth, 
and the discharge vs. depth (slage-discharge). This information may be determtned by one of 
three pmedures: 

1)The user may directly specib the end-area and discharge at up to 15 dillerent depths 

2) Tbe user may enter the wetted perimeter [instead ofthe discharge). and &MiOgS equation 
is used to determine the discharge LU follows: 13 p.771 

B 

kArea 01 (low Isq4eetl 
p=weued perimeter [Ieecl 
& F b W  [CFS] 

3) For certain standard shapes (rectangular. vee. h p e m i d a l  channel. or a circular pipe). the user 
may pmvide the appropriate dimensions, and H y d d A D  determines the end area and discharge 
curves. lhese are determined according to the area and perimeter equations an page 128 and 
Manning's equation, above. 
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Effects of Reach Routing 

A reach will normally slrrnuolc and &lay the hydrograph that is  muted through iL The extent 
of this transformation depends an many facton. including the reach dimensions. slope. and 
Manning's number. Short reaches (up to several hundred feet) a h  have II minimal efiect on the 
routed hydrograph. For this 
reason they are frequently 
modeled as a flow segment within 
a subcatchment. Thh is the only 
option for same methods such ze 
TR-55. which includu no reach 
rou(inp procedures at all. 

On the other hand, for long 
reaches with large noss.sections, 
la, s l a p  andlor high Manning's 
numbers, the muting erectcan be 
significant The graph at right 
shows the eKects of storage- 
indication muting through s 5500 
foot long channel. Significant 
attenhiation may aLr0 occur on 
shorter reacher if lhe inflow peak 
ia of short duration. 

Allowing for Travel Time 

The rtorsge4ndication method. as described above, accounts Tor only the storage efiects of the 
reach. Other techniques mnsl be used to account far the kinematic efiects of long reaches. 
HydroCAD provides the option or 

B 

adding a lime lag or lmnrhlion to 
the normal rtonge.indication 
routing. Selling the reach muting 
methcd to 'STOR-INDtTRANS" 
causes t h e  s torage- routed  
hydrograph  t o  be  fur ther  
translated hy the trawl lime. (See 
page LZ? Car the determination of 
travel lime.) A close examination 
of the  example at right will reveal 
that  the peak discharge no longer 

maponds (0 a point on the. 
' :ow curve, but is translated by 

e prescribed amount. 

000058 

, , ,.. . . ../. Reach Routing Limitations 

Since Lhe stagedischarge relatmship is based solely on klmnings equation. i t  d- MI consid 
inlet conditions. It assumes that  the Mannings flow. and not the inlet, is the controlling facti 
Similarly. all automatic pipe sizing is based on Manniods equation alone. I f s  complete analys 
isdesired far a pipe reach. including entrance losses. the reach should bo modeled as a pond wii 
a culvert oullet. 

- ; -, ,'.3 
' 

Reach Routing Calculations 

The storage-indication method is the basic reach muting technique provided by RydroCAl 
and is identified as 'STOR-IND' in the program. This standard procedure is well described i 
I I p.64-651 and will not be repeated here. Additional operatinos are performed by HydroCAD B 

follawvr: 

I )  Before muting. any base flow is added to the inflow hydrograph'md any inflow loss i 
subtracted. 

2 )  If a pipe is being resized. its diameter is calculated with Manning's equation based on the peai 
inflaw. 

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

4) If l h c  range of the storage and discharge curves is exceeded. HydroCAD extrapolates from th, 
last two paints on each curve. Since extrapolating h m  the a w e s  is not the same as extendink 
the physical sides of the reach, a warning message is issued. To obtain an  accurate muting  yo^ 
must provide storage and discharge data for higher stages. 

5) If the peak inflow exceeds the Mannings normal flow capaaty of the reach, a w a n i n g  is 
issued. Depending on the design criteria. this m y  be an acceptable conditio% A reach c ~ l l  
handle more than iLr normal flow capacity when the flow is MI normal, such as on the rising limb 
o f a  storm hydrograph. However, ifsuch flow persists. the reach will All with water. causing one 
of the following conditions. 

6a) If an open channel fills with water (as defined by the flood elevation). a warning messige u 
issued. The muting continues using the extrapolated curves S q u i r e d .  

6b) Ua pipe fills with water, the escol) is detained without head MI that  openihannel conditions 
can be maintained. A warning message is issued and the detained water is routed when the pipe 
u no longer full. For an accurate muting, you should model the pipe m a pond with a culvert 
outlet. as described in the next section. 

7) Routing i s  performed over the time span ofthe inflow hydrograph(s). The span should include 
the earliest inflow in order for an accurate muting to be performed. Routing is normally 
performed using the time interval (dt) ofthe inflow hydrograph. A finer interval may be specXied 
for each reach, if needed, to improve tracking or eliminate outflow oscillations. 
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Section 27 - Hydraulics Calculations 

T%k seetion details the hydraulic calculations used within HydroCAD. These equations are used 
to determine the discharge resulting from a given head applied Lo each device. They are used 
primarily in determining the stagedischarge curve(d for a pond. All equations determine the 
discharge, 9, in CFS. 

Sharp-Crested Rectangular Weir 

The basic equation far a sharpzrested weir is derived in 17 p.3621. The diwharge mefficient 
v a r i u  slightly bawd on the crest height and the resulting turbulence. The effective length ofthe 
weir is adjusted to allow far end contraclians. 

b o a s t  length [reel] 
L.=EllecINe aesl length [,educed lor end mvacliont) 
P=Cresl height (Isel above approach mannail 
n=Number ol ond U n l r a C t i W  (0. I .  QT 2) 
HaHead [feet a k e  inven elevalionl 

Broad-Crested Rectangular Weir  

A brosd-c- recLangulnrweird8ers from a sharpsrested weir in thatthediwhargccoeficisnt 
may vary significantly with head. (See 16 p.2741.) This allows the modeling of a wide range of 
red-world weirs. 

C=EnQlirh discharge coelliieni 
C=Cresl lenph [leet] 
HsHOad (lee1 above inwen devalion] 

C varies with H depending on the shape of the weir.' For the weir under consideration. C must 
be spedfied at one or more ofthe following heads: 5. I .  1.5.2.1.5.3.1. 5 feet. For i o t e m d i a t e  
heads. HydmCM interpolates linearly between the values given. For  heads below or above the 
given range. HydroCAD uy6 the first or last mefficient- extrapolation. 

Metric discharge coefficienls for various weirs are given on page 154. which is reprinted Eom 16 
p.2761. Coeflicienu are listed only a t  the heads where a particular Weir w.5 studied. When ,,sing 
these coeflicienls in HydroCAD, you must spc i fy  a dixharge multiplier of 1.81 mneefi to 
English units. 



V-Not+ Weir 

The baric equation for a v-notch weir is taken from 15 P.5-151. 

b 

B 

CZEnglish weir caeniuienl 
O=NOW~ angle parween PNO sides. not ba vmicaal) 
HzHead (leet abovn inved dsvaIiMl 

C may be entered directly, or determined by HydruCAD acmrding Lo the equation: 

Trapezoidal Weir 

The trapezoidal weir equation is a more general form ofthe v-notch weir. Setting the mst  leu& 
to zuo yields the previoru equation lor a v.noW1 weir. C may be entered directly. or determiaed 
by Eq. 20 above. 
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Circular OrificeJGrate 

The discharge for L circular orifice is derived in 15 p.4-31. 

C.Diwharge coenicisnl (DelaUn is .60) 
a=Submerped area [sq.tenl] 
g=GraMtaliOnal consmt 
h d e a d  above cenfer 01 od lm [leoll given by: 
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H=He.ad sbave invert [leel] 
r=Radiut 

When partially submerged, lhe head adjustment closely approximalo the weir discharge of an 
ori f ia .  It also pmvidea continuity between the fully and partially submerged conditions. For 
critical situations. the resulting d k h a r g t  CUNO should h verified by independent means. 

These equations are for a (dersulr) orifice opening in a orrlicd phm (i.e., discharging 
horiurntally). For an orifice in a hohorLonldplanr. the above equation is used without adjustment 
ofthe head. 

Ahorirantalgrsteconsistingofidentiicalcircularopeningr canalrobemodeled with thisequation. 
The orifice dimenzions are specified for each opening, and the discharge multiplier is used lo 
speciry the number of openings. (This technique may not k appropriate far urlLd g r a b .  since 
the openings are at different elevations and therefore not identical.) 

Orifices Under Low-head Conditions 

The above orifice equations are generally valid for all openings in a umicol plane. Under low- 
head (partially submerged) conditions. these equations reduce lo the appropriate weir equation. 
For orifice openings in a horizonfal plane. the equationqassume that the head is large in relation 
ta 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 lo that predicted by the weir B equation: 

Thin will cause the weir equation to mntrol a t  low heads. without effecting the highhead 
discharge predicted by the orifice equation. Ihe result is u d u l  for a range of mal-world 
'orificrs.'such ar the tap of a standpipe 

R e c l a n y l a r  OrificdGrate 
I . .  The diwharge equation lor a roctanylar orifice under any head condition is derived from U 

discharge through a thin horizontal strip: [5 p.4-31 

. .. 
C=Oiuhaqn coeffc+enl (Delaun is so) 
L=Suip length (widIh d 0rir-J [leet] 
g=GrariUtional uxlzmanl 
Y=Head ow81 Center ot sw [feet] 

dY=Height d horizontal strip 

lntegrallng over the heiaht 01 Ule onrm vields: 

H=Head above Invert devation [reel] 
M=Heighl of Mm [leet) 

These equations are for a (default) orifice opening in a verlLol p k  (i.e.. dischagin) 
horizontally). For am orifice in a horizontal plane. the above equation is wed without adjustmen 
of the head. 

A grate consisting of identical -gular openings can dw, be modeled with this equation. Th: 
orifice dimensions am specified for each opening. and the discharge multiplier is used Lo apncit, 
the number of openings. CI'hiS technique may not tm appropriate for or& grates witt 
horhnfd apcningr. since the openings are a t  diITerent elevations and therefore not identical.) 
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Culvert Flow 

When evaluating a culvert, HydroCAD checks multiple flow conditions in order (0 determine the 
prevailing control at each delcvation. This is based on six types of culvert  flow identified io 
19 p.E-1.71 and characterized 811 follows (also see I6 p.21-18,191): 

Taliwater ~ y p e  of 
Type lnlal OulInt S W  FmwTwe Dependent? Conlrol 
la SUE SUE ANY PIPE 
ID SUE FREE MILD PIPE NO 

YES OUTLET 
OUTLET 

OUTLET 
O U n E T  

IC SUE FREE ANY CHANNEL NO WLET (OIlrK.3) 

2c FREE TWcYc STEEP CHANNEL NO IN= (WBII) 

2a FREE TW>Yc MILD CHANNEL YES 
2b FREE TW<Yc MILD CHANNEL NO 

SUB =.sdmmw. nv.1.h.W. Y C O W  bpn 

For type Ib. arsuming that the culvert is full along its entire length I9 p.D-III: 

VFAverage velaciry 04 (low [Wsec] 
Hdkad in [lee1 above inle~ invert elevation] 
D=Deplh 01 (low [feel] (;arlvnri height) 

L-Length [fmt] 

0-Gravitational constant 
n=Mannhg's number (See Uble on page 152) 
R=Hydra& radius [Inell 
A&osssectional area [rg-lee11 

S = S W  [rise/nJn] 

Ke-Entrance energy loss coellicienl (Sm table on page 155) 

b e  2h dixharge is the same as type l b  except lha t  the depth (0)  is leas than the culvert 
height. Under these conditions, open channel flow UrisLp and backwater calculations must be 
pdormed lo precisely determine the depth. To reduce calculation rime. the depth is  
approsimated by: 

Rather than directb delcrmining whether lype I b  or 2b flaw exisu. HydroCAD simply uses the 
lesser of this depth and the culvert height. This also ~ N U W S  continuity between the two flow 
conditions. with the crass over occurring when the head is U3 o f  the culvert height. 



B 

D 

wws IS and ?a are similar to types Ib  and Pb. excap1 for the tailwater dependency. This is 
acrommcdaled by substituting the ladwater depth for D in the above equation. 

-11 IC and 2c operak under inlet cootmI. and the discharge is deiermined with the a"Gw 
equations given previously. The orifice discharge cocilicicnt is pven by: 

Cc;ConsacImn coelkisnl (delauh is ,901 

Note mar tm Ke1.5 this yields Cd=.6. whiCn is Ihe delaull discharge 
COeKcianI lof a sharp-edged onlro. 

The final determination of culvert discharge is made by calculating the type l d a .  I M b  and 
l a c  flows as dewribed above. The least of these values  (a. b. and e) is tben used as the find 
discharge for a given head. 

NOTE: The approximations used for culvert discharge have generally been found to provide 
sufficient accuracy for most hydmgraph muting purpases. However, i t  is strongly recommended 
that the resulting s tagdischarge  curve be verifred using independent culvert data. If a 
significant diwrrpancyis found, t h e d e s i d  dischargedatashouldbeentereddi*Uya+aSpecial 
Outlet instead of using the built in culvert equations. 

Special Outlet Device 

'Ihc W i a l  outlet device is designed Lo handle unusual stagedischarge relationships that can't 
be mpmduced with standard devices. With HydroCAD's ability to model complex aeries.paralle1 
devim (an page 123). there should be very few situations which actually require a special outlet. 

A special ouUet consisb of userdefined stage.discharge curve. The first discharge value must 
always be u e m  CPS and may mur at any desired elevation. Additional discharge values are 
spcified at higher elevations as required to adequately represent the true shape of the desired 
CUNL When choosing the elevations. keep in mind that HydroCAD performs a linear 
interpolation to determine the discharge at  any required intermediate elevations. 
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Using a prec ra(e 

A memured perc rate can be converted to an equivalent efiltralion velocity by the following 
equation. However, other factors must be considered to determine if this is a reasonable design 
value for a propazed exliltration area. ,(For example. can a lawe pond be eipecled to perc at  the 
same rate as a smsll test pit?) 

y .  I 
, . -12 P . .  . .  

V=Enil(ralion velocm, (FPM] 
PSPMC Rate [Minucoo per Inch1 

Tips for using emillration 

Setting the invert elevation 
The invert elevitioo is intended to exclude the impervious lower elevations of the pond. 
Exfiltration will m u r  only when &e waler sudace exceeds thh *vel. When using the velocity 
method, exfillration wi l l  apply only to any additional area lying o b v c  the invert This distinction 
is particularly importanl in the case of flat bottomed ponds, such ns drywelb. With the invert 
at this lowest b e l .  m y  bottom area will be excluded from exfiltration. Ifyou w n f  10 allow 
cl/illmrion lhmugh a /la1 bollom by I& uclairy m t h o d ,  you must set the extillration invert to 
lem 

Usin# surface area VI. welled area 
By basing euillratian on s u r f a t  a r u ,  you are stating that all flow will essentially be downward 
Only horizontal arem (above the invert) are available Cor ufillralion. All vertical areas are 
excluded. 

If you wish to include vertical surfaces. such = the sides of a drywell. then you m y  want to 
speciry wurd orto. As always. i t  is your responsibility to ensure that this computation is 
applicable la your particular silllation. 

Advanced techniques 
While mort cares will require just a single exfillralian device. it is also possible ta use several 
efiltratian devices on I single pond. This could be used to model multi.stage exfiltraticm 
xhemer. such as a drywell that overflows into a pefioonted p i w .  

As with all pond designs. you should view and undemtand the stagedischarge plat to make sure 
the pond is exhibiting the behavior you expect. Do not rely solely on a review oflhe hydmgraph D -hue the pond's behavior is intertwined with the complexiliu Of the inflow hydrograph. 
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--,-I 1 - , \ , .  Exfiltration Calculations 
J u ,,; P <$-.' 

Since exfiltration is incorporated into a pond's stagedischarge curve, i t  is classified as LUI .outlei 
device.' Exfiltration is also distinct from an 'inflow loss: in that i t  continues lo (XLUT evm wbm. 
there is no inflow. 

To separate exfiltration from other .true. outflows. it is usually d i r e M  to a 'secondnry outflow' 
to prevent Further routing. Allhaugh there are lew standards as to how to detemineexlilwation. 
HydroCAD provides huo basic procedures that can be used Lo implement a wide range ofdesign 
methods: 

11 A cons tan t  e n i l l r a t i o n  rate Q may be specified in CFS. l h i s  value is applied a t  all stage 
discharge increments above the specified invert elevation. Zem emilrratioo is used for all stage- 
discharge increments at  or below the invert elevation. A constaot extiltration m y  also be used 
la muledel a pump or other 'outlet' that .turns on. a t  a given elevation. 

The invert elevation is commonly set to the batlam ofthe pond. This yields zero exfiltration when 
the pond is empty. increasing Lo the specified rate 61 the first stagedischarge increment A 
higher invert may be specified if lower levels of the pond are impervious and have no d l t r a t i o n .  

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

O,=EldiWath ai devation Y (CFSI 
V=ExfiWathn w e k i t y  [FPMl 

A,=Eniltatbn arm ai e h i i o n  Y [SFj 
~ E x f i t a l l w ,  area a1 inven elevalion [Sq 

The exfiltration area may be defined in two ways: A) if all extiltration b assumed to be 
downward (none through the sides of the pond). you may use the pond's surf- arm; 8)  if 
exfiltration occurs through all uposed surfacer regardless olslape. you may use t h e  pond'a lucfced 

In either case. the ouril061 area is the additional Millration a- lying above the invert 
elevation. No exfiltration will m u r  throuah the portion of the  pond that liu at 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 almmt identical. so the Jurfaae area 
method is recommended. Only for d r y e l l s  and other ponds with s i g n i f i m t  side-areas is the 
wetted area method needed. (See page I31 for details on welled area calculations.) 

arccl. 
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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 (stagedischarge) must be determined. 

Stage-Storage Calculations 

The cumulative stage.starage curve may be entered directly. or HydroCAD can sum incremental 
values to determine the cumulative storage. A third option is to enter surface areas at certain 
elevations and have HydroCAD calculate the storage. ( l lese calculations a n  detailed on 
page 130.) In any case. a minimum oftwo storage poinb are mquired to permit interpolation for 
intermediate elevations. You should use as many points as necessary to accurately ~ p r u e n t  the 
true stage-storage curve Cor the pond. IC the available storage space is leu than 100%. or several 
identical ponds are being modeled. the stage-storage cume is adjusted by lhese factors. 

Stage-Discharge Calculations 

The stagedischarge curve is automstically compiled based an the  selected outlet devices. Each 
device is evaluared 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 handling 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 one or two stage. 
discharge curves bared on rhe 
specified droiccmufing. In thedefault 
configuration. all outlets are routed 
directly to the primary outflow. as 
shown in the sample stagedischarge 
curve a1 right. They are considered to 
be independent.pamlld outlets whose 
flows are additive. To calculate the 
composite stagedischarge curve. 
HydroChD evaluates up to 101 
uniformlyspaced elevations that are a 
multiple of 1/10 foot apar t .  
(HydmCAD automatically chooses the 
interval and number of steps to cover 
the n n g c  of the stage-storage curve.) The Lotal dischage at each elevation is dete-ned by 
&&g.g the discharge fmm each individual device. 

If any devices are muted lo a recondov aufflow, two separate stagediseharge ore mmpi~ed 
usihg lhe same basic procedure. Each device is included in the stagedischarge a w e  to which 
it is routed. To perform the actual pond routing. a 10101 dirchnrgr CY- is obtained by adding the 
two NNS. When routing is complete. the total outflow hydrograph is split into primary and 
s w n d a r y  outflows based on thc ratio or the two stagedischarge curves. This produces an 
automatic split.flow. or 'diversion.' This is most commonly used when one or more outleu 
rcguim separate routing. such as an  emrrgcncy spillway or an exfillration outflaw. 



C o r n p o u n d  O u t l e t  Devices 

 ore complex oulleu can le modeled by placing standard devices in series. hn orifice. for 
could be routed through a culvert. To calculate the discharge a t  each elevation. 

Hy&&beva!Uates the standard flow through each device. and uses the lower(controllingl flow 
to build the stagedischarge curve. By making this comparison a1 each elevation step, diflerent 
devices may control the outflow a t  diiTerent pond slags.* 

-ut(l more complex outlets can be 
deled by utilizing simultaneous 
iedparallel device combinations. A 

sraadpip is a cammoo example oC a 
compound outlet device. T h i s  could be 

by a combination ofstandard devices as shown in the schematic representation at right. 

Reading from the bottom up: Device 3 is B horibntal orifice representing the flow into the top o f  
the riser. Device 2 i s  used to model one o r  more openings in the side of the riser. Devices 2 and 
3 are summed together. and routed through the final outlel culvert. device 1. 

~ h &  p a p h  shows a typical stage- 
discharge curve for a pond with a 

outlet. A culvert is 
p~i t ioned  with the inlet invert a t  
50 feet; however. no discharge 
w u r s  until the water level 
reach- an orifice 50.5 feet. (This 
-pie might represent an orifice 
plate used to reduce the flow 
through m esisting culvert.) 
A b e  50.5 feel. both devices are 
evaluawd to determine which will 
mntml a t  each elevation. The 
resulting curve is labeled "pr? for 
primary. 

This example also includes a 
bmad-uested weir which is directed to the secondary discharge. 
emergency spillway that is being routed separately from the culverUorifice combination. 

This might represent an  

When describing compound outlet devices. i t  is generally easiest to start with the  fwd device 
(such as the culvert shown above) that contributes directly to the primary discharge. Then work 
up from the final device, entering each device that limits flow or contributes to the discharge. The 
pmcess is then repeated for m y  secondary discharge. 
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Section 29 - Measuring Water Quality 

Whereas stormwater management has traditionally been concerntd with managing stormwater 
qluullily. new regulations in many areas also require the consideration of water quolily. Since 
these requiremenls vary widely, it is difficult for a general stormwater program to provide the 
pmise  infomution requested in every case. Nevertheless. there a re  a number of calculations 
performed by HydroCAD that a n  be used to obtain the inbrmation required far most water 
quality rludiu.  

Detention Time 

Many projects must mow meet specific requiremenu far detention time. These requirements are 
rometima expressed io te& such 82 'detain the ten.year storm for 24 horn. '  Unfortunately. 
the dehnitionr are sometimes vague and therefore difficult to interpret or implement. Even the 
intent can be unclear. Far example. is a given rule an  attempt to address water quality or 
quantity? 

when addressing water qualily, one of the more useful and objgtive measures in the oucmgc 
dclrnfios time. This is a measure ofhow longwater is detained in a pond or other impoundment, 
and tan be used to determioe the time available for removal of sedimenls or the neutralization 
ofmoKconraminants. (Scc 114 p.251) for a further discussion of detention time.) 

The u-r ofmo,s method b one of the mast baric melhads of calculating detention time. I t  
evaluallr the diKerence in time between the center.of.mass of the inflow and outflow 
hyd-phs. One ofthe chiefadvantages oithis technique is that it is easily calculated. and can 
even be estimated graphically. Nowever, the technique dws  not consider the actual movement 
of water through the pond, and cacl fail Lo give a good measure of detention time in a number o f  
SituatioN. 

The plug pOw mcfhod pmvides a more physically meaningful measure of the average detention 
time. Thi?l technique divides the inflow hydrograph into a number of'plugs'ofegusl volume. and 
then cakulatru the time between each plug entering and leaving the pond. The average time for 
aU p l u p  i s  then calculated and used as an overall measure of detention time 

HydroCAD employs the plug flow method to determine the average detention time for each 
pond." The fluonlicd detention time i s  calculated by assuming that water initially in &he pond 
hallowed to discharge before the first plug from the inflow i s  allowed to discharge. This 'first-in 
first~,ul'.ssurnption wil l  yield L maximum detention time. and mean, tha t  the amount ofwater 
initially in the pond will eRect the calculated result. (Since all water in the pond is displaced 
before any ofthe inflow starts to discharge. the detention time is increased by the time required 
to flush the initial volume.) 

*y water retained in the pond. or discharging a h r  the specified time span. is excluded fmm the 
.mlatian. To obtain an accurate measure ofdetention time. it is therefarc important to use a 

ume span that allows the pond u) dischawe fully. This can bo determined by comparing the 
d w n c  a t i d o w  and outflow. "%ese should be mughly the same (unless the pond was surcharged 
or water YU relained). Also compare the volume of flow included in the plug flow calculation 
(the i s  shown to the right of the detention time). For SccUrate (maximum) mulls. lhk should 
be clme to the volume ofthe outnow hydrograph. 
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Pond Routing P r o c e d u r e  

ARer the storage and discharge curves have been determined. the storage-indication mctba 
is used Cor routing the inllow hydrograph through the pond." This pmedure i s  well describ 
in I I  p.64.651 and will not be repeated here. Additional operations are pedomed by IIydroCA 
as follows: 

I )  Before routing begins. any base flaw is added to the inflow hydrograph and any inflow loss I 
subtracted. If'automatic base flow'is selected. the base flow is sei (0 the ponds d k h a r g e  at th 
specified starting elevation. This places the pond in an equilibrium mndition (stable w a u  
surface elevation) when routing begins. CTo rouk a pond with no innow you must provide a LOX 
flow hydrograph to establish the desired time span and routing i&al. 'Ihia i?l mmt easil 
generated using a subcatchment with a very small area and low c w e  number.) 

2) If a starting elevation is specified. routing begins with the water at  this level. I i  this is abov, 
the lowest outlet device. the pond bednr diwharging immediately. passibly before any i d o w  h a  
occurred. If the starting elevation is below the lowest device. no outflow -ls until chis l e e  
is  attained. (The outflow volume will also be reduced by the amount of storage below this level. 

-. i ,' 

3) Routing is performed over 
the time span of the inflow 
hydrogrsphW The span must 
include the earliest inflow in 
order for an accurate muting 
to be performed. Routing is 
normally performed using the 
time interval (dt) of the inflow 
hydrcwaph. although a finu 
interval may be specified for 
each pond to provide improved 
tracking. The normal d t  is 
dhidcd by the specified finer 
muting value. Finer routing 
(usually 2) can also be used to 
eliminate any oscillations in 
the pond's outflow. 

4) If the range ofthe storage or discharge ~ ~ e s  is erceeded. 
last two p o i n b  on each curve and issues a warning message. 

HydroCM extrapolates from the 

. 6) If the peak elevation exceeds the specified flood elevation. a warning message is  issued and 
routing will C O N ~ ~ U C .  

When using the storage-indication method. keep in mind that a zero velocity is  =sum4 in the 
pond. T h i s  is an accurate assumption for most ponds where the storage volume is large in 
comparison to the inflow. However. if the velocity approaching the outlet device(s) is significant. 
then this method may undcrerlimofe the discharge and owmiirnnir the peak elevation and 
storage of the pond. 
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Section 30 - Link Calculations 

The link i s  used to in t rducean  external hydrograph into the HydroCAD routingdiagram. I t  may 
also be used to apply a flow threshold and/or a l e  fador as described below. The input 
hydragraph for a link may be supplied in one of three ways: 

An automat ic  link imports a hydrograph directly from a node in a n a h e r  H y d d A D  project 
The outflow of the specified node i s  wed as the idlow to the link. This capability is  commonly 
used to intermnnecl portions of a project which have been divided into two or  more Jeparare 
diagrams. (See page 84 details.) 

A m a n u a l  l ink  is used to manually enter an arbitrary hydrograph. The hydrograph is defined 
by i t s  starting time CTd. interval between points (d,), and up to 101 o r d i n a h  in CFS. 

An impor t  l ink  i s  used to read a hydrograph fmm an  ASCII text file. The file contains the same 
basic information as a manual link. but in a mart  flexible format. Hydrographs af up LO 501 
points can be i m p o e d  If more ordinam are provided. adjacent poinb are automatically 
averaged to reduce the number within this limit. For details on the required file s t m t u r e ,  see 
the sample file LINKTEST.TXT which is installed with HydroCAD. 

A link may also specify a flow threshold andlor d e  factor. If a threshold is specified only the 
portion of the hydrograph above (or below) the threshold i s  retained. The hydmgraih b then 
multiplied by the specified percentage scale factor to produce the final outflow. 

The time rcak of a link can also be adjusted. This allows an imported hydrograph to be scaled 
to a dinerent duration. making it possible to utilircdimensinnless hydrographs as used far runoff 
studies in Ohio. (A link file containing the Ohio dimensionless hydragraph is included in Ihe  file 
OHHYDROl.TXT.1 

The results of a link threshold andlor scaling are readily apparent when you draw the 
hydrograph. This shows the original 'inflow' N N e  and 

Note tha t  the lime span and interval ofa manual link or impart link are determined by the data 
supplied to the link. and i s  independent of the lime span and intewal used for runoff 
hydrographs. I fa  matching time span and/or interval is desired. the link data and mnoRsettingr 
must be mrdina ted .  

scaled -outflowv' cuwe together. 
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Section 31 - Additiona! Hydrograph Calculations 

'This rntian explains the pmcedu- used ta calculate certain values appearing OR HydmCAD 
cepom. 

The p w k  flow far each hydrograph is calculated using the three highest points on the 
hydragraph." A parabola is fitted to there points and the apex of the parabola specifies the tme 
peak. Thts eliminates variations in the peak that  would occur if only a single paint were 
-oosidered. Thh improvement in accuracy is most pronounced with a narrow peak where the 

o closest poinls fall on either side of the peak and may be several percent below the actual 
at 

The peds attenuation indicates the percentage reduction in peak innow caused by a muting 
operation, This is determined by comparing the peak of the inflow and outflow hydrographs BS 

calculated above. 

The t ime of peah is determined by the same parabolic fit to the three highest p i n k  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%ue* 

B 

C U N &  

The time lag caused by a reach or pond is the difference between the time of peak obtained fmm 
the inflow and outflow hydmgraphs. (This is distinct fmm the fmuel  timc. described below.) 

The hydrograph volume is determined by integrating the flow over the time apan of the 
hydmgraph. Sines the volums can include flow only within the given time span, any flow befare 
or a h  is excluded. Also note that  the lag introduced by a pond o r  reach fan cause a discrepancy 
between the calculated inflow and autllow volume. I f  necersary. this can be remedied by 
increasing the calculation time span ta include the entire duration of the inflow and oufflow 
hydmgraphs. 

When adding  bydrographa with the same starting time (To) and time interval (dT). the 
ordinates a t  matching rimes am added diredly. If the hydrogmphs differ as ta To or dT, such 
d im(  addition is not posihle. (This can o ~ u r  when using a link tu introduce an external 
hydrograph.) In this case, the multing hydrograph includes the span of both inflows and may 
have a larger dT ifrequired ta m e r  the new period without exceeding the 501-point limit. Since 
the inflow ordinate. now - at different times, KydmCAD interpolates between Lhe painla of 
each inflow when performing the summation. 

The peak elevation, peak  depth. peak storage, a n d  peak  velocity are the largest actual 
v a l u e  attained at discrete times during the muting. Since no interpolation is employed. they 
may be slightly lower thm suggested by the interpolated peak flow. (The value at  each routing 
internal 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 vel&. I t  
therefore repwenla I minimum travel time rather than an avenge. Depending an the selected 
muting method. the travel time may be used Lo further translate (delay) the reach outflow. 
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Circular Pipe  (any flow depth) 

40  1'4 ;. -.-. .; . : 
Section 32 - Cross-sectional Area tk Perimeter Equatio: 

. .  .: -- 
The following equations are used to calculate the crass-sectional area and wetted perimete 
common channel geometries. 

Rectangular,  Vee. or Trapezoidal channel  

Parabolic Channel  
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Section 33 - Pond Volume & Area Calculations 

HydroCllD pmvidcs several options for determining the stage-stnrage characteristiw of a pond. 

1)  Direct entry of curnulofive (total) storage at  various elevations. 

2) Entry of incremnid storage, that  is, the volume of horizontal sections a-s 
the pond. These sections are summed by the program to produce the cumulative 
storage. 

3) Entry ofrurfm amas at various elevations. from which H y d m C M  de-ines 
the incremental (and cumulative) storage at each elevation. The incremental 
storage may be calculated by prismatic or mnic sections as d w r i i  below. 

Pr ismat ic  volume de termina t ion  (Average m e a  method) 

Thir technique m u m s  tha t  the areas are horiwntal planes thmugh a prism." T h e  calculation 
involves taking the average o l t h e  area at  the top and battam of the section and multiplying by 
the thickness. Although this is a commonly used method for calculating volume. i t  should be 
noted that i t  is cnmpletely accurate only for prismatic seclions. 

V.Volume Of s m w n  

A,=Area of bonom 01 scnion 
+ h a  of lop OI section 

h=Heighl of w i m  
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4 0 1 4  
Conic volume determina t ion  (Frustum of a cone) 

Most red.world ponds are no1 prisrnalic. They may be more round lhan rectangular, and may 
have more Ihm two sloping sider. Far these situations. the volume is mom accurately 
determined by assuming that the areas are horironral seclions ofaconc. We can use the equation 
for the volume of the frustum of a cone: 

. 

V = V o h e  01 section 
h=Heighl 01 6ecli.m 

R,=Aadius 01 bonm s&im 
R,=Radius 01 lop senion 
A,=/\rea 01 M o r n  01 section 
A,=Area of lop 01 Sectim 

This equation alw, yields the comecl volume for the hurlum of a pyramid. (With A, and A, d e n  
as the are= ofthe top and bottom of the frustum.) lhis is a0 a m r a t e  representation ofponds 
with four equally sloping sides a1 right angles. 

Wetted area determination 

'Ibe following equation is used to determine the wetted-area for a &ion of a ane." lhi is 
used m the basis for extiltralion calculations based an wetted-area: Tha technique rquirer &at 
storage fir& be calculated by mnic sections, m shown a b o v ~  The results are a~curate for all 
sections of cylinders and cones. making them suitable for most dry wells and natural ponds. 
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Chapter 5 

CulvertMaster Theory 

Table 5-1 

Table of Rorioml ~ 

CocJJicicnu IIuI.cLI ’ 
b . m l O U n  0.700.91 
Nsigbborbd 0.504.70 

laidemid 
Singk Funily 0.304.50 
Mulntmit dclxhed 0 4 0 4  60 
Mullitmil nllackd 0.600.15 
S U M  r u i h  0.u4.40 

0504.70 

1.d”Sld.l 
Lighl 0.504.80 
H e y ,  , 0 604.90 

Pa,* and Cemrlcrln 0.104.25 

PllYC‘Olr.¶& 0.204.40 

U d ~ P l O V r d  0.100.30 

Pwrmcrd 
Arpha1Lhk.U~ 0.70-0.95 
Blick 0.704.LS 

Ddra sol4 Walk 0.754.85 

Lslmr.Saady MUS 
F 4  2% 0.050.l0 
Avenge. 1.1% 0.106.11 
Sly). 1% O.IJ0.20 

~ W S .  ne.? saut 

slstp. 7% 0.254.15 

FI.1. 2% O.llQ.11 
A v m g c .  2.1% 0.184.21 

u.ilro.4 Y.,d 0.2M.40 

R4dr 0.104.95 
ISmh 5.20 5.84 6.15 7.14 7.11 8.40 

30& 1.88 4.41 4.84 1.48 5.98 6.49 

60ml. 150 2.94 3.26 3.14 4.11 4-93 



I. =0.25 

. Wbcrc S = %- 
c,v l o  

(5.0 

i = o+b(ln D)+c(ln Dr  + d ( h  Dr 
(5.4) 

(1.8.) 

(S.8b) 

(5.9) 

Sub-d’: 

5 = {-&I’ + Y - 0.5s 

j 

Table 5-4 
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Table S4 

Conrimed 

5.33 Outlet Control Hydraulics 
OullN sonUOI h c a l f w w  depfhr am computed by summing cnlnnce. CUI. inaion. m d  oihm lorrcr along 
lk culvcn band. T k  mergy b a s i s  lor solving the oullci ~onlrol hcadwaw. HW. lor I d r m  ir prcrcnitd 
gaphicdly i n  Figrrs S.2 and she b m f  mcrgycqvnion. Equalion 1.10 

Outlet Control Hydraulics 
OullN sonUOI h c a l f w w  depfhr am computed by summing cnlnnce. CUI. inaion. m d  oihm lorrcr along 
lk culvcn band. T k  mergy b a s i s  lor solving the oullci ~onlrol hcadwaw. HW. lor I d r m  ir prcrcnitd 
gaphicdly i n  Figrrs S.2 and she b m f  mcrgycqvnion. Equalion 1.10 

Fiprr 5.1 r x  

ff. =t,(Z) 

OS0067 

Tnbk 5-5 

Conrimed 

CY 
nd 
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*I )(PI 

HZ - Tool h o d  .I d o n  2 
4 - Pridonlorr 
h - Eddy lo* 

,. c - - - - .  

V' .. H = Z + -  
26- 

(1.14) 

C, = k,C, (5.1 

s,Ac = qs, +SI& 
2 (5.1s) 

Figure 5.6 

Dirchargc 
coegicimr for 
HWJLpO. 1J 

3.10 

I I I 1 1 y r s r h r n  I I I I 

I I I  I I I I I I I I 

0.16 0.20 0.24 0.28 0.32 
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I 
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Submergence 
Focioor hiHW. 
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0 70 
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0 50 
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SUBMERGENCEFACTOR h, I H W ,  
wee. FHWA HDS No. h HphdiiC k i p  ofHigh.wu CuI*uu. 1985 
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ArA, ArB2, ArC2---; 0 c 
, 0 .  Ava 

AwA*: I 
I 

Avonburg--------- I D  
Urban land. I 

I , 

I 1 .  

EcB2, EcC2, EcD, ; 
I C  Eden I 

I 

Ec E, Ed F- -- -----_ 
EeBr, EeC*, EeD*: 
Eden------------- I C  
Urban land, I 

9 

EPA, E P B ~ ,  EpC2---: 
! Eldean 
0 

ErAff, ErB*: I I Eldean-----------; I B , Urban land. i I I 
FdA---------------l 
Fincastle 

See footnotes at end 0 

i 
I 

f table. 

I 
0 1 --- 
I I 

I I 

I 

I --- 
I 
I 
I --- 

I 

I 

I '  

I 

I --- 
I 
I 
I --- 

I --- 
I 
I 
I --- 

I 

I 

I I 

I I 

I I 

I I 
I 0 --- 
I I 
I 

I 
I --- 
I 

I I 

I 
I 
I I --- 
I I 

I I 

I 
I --- 
I 

I 

I 

--- 
I 

I I 

I 
I ~ ~ i g h - - - - -  I /Moderate :LOW.  I 

!Moderate I ;LOW. I 

I 

I 

I 
I 

I 
I I 

I 
I 

/High----- 
: I I 

I I 

I I I 

I I 

:Moderate !High-----' Inoderate. I I 

I I I 
I 



...-1 1 ,".--""AI. nl," rLniunLa--LonLinuea 
I I I I Flooding I 

Soil name and ;Hydro-; I I I I 
map symbol : logic: Frequency I Duration :Months I Depth [ Kind jMonths 

Igroup I I I 

I I 
I 
0 I 

I 

I Ft ! I 

I Bedrock I Risk of 
I 
I IPotential! 

Depth !Hardness I frost I Uncoated 
I I action I steel 

In I - I 

Concrete 
I 
8 

FeA. : I I 

Fincastle--------; 

Urban land. I I 

, I 

I 0 
I ! ! -  ! I I ! 

:High----- I High----- 

I 

I 

I I 

I I 

I I 
I 
1 

I 

!Moderate I !Low------ 

I 
I 

I I 

I I 

C 

B 

B 

B 

B 

B 

C 

B 

B 

A 

C 

B 

C 

1.0-3.0/ApparentIJan-Apl 
I I 
I ! , 

>60 

>60 

>60 

>60 

>60 

> 6 0  

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

; --- 
I 
I 

I 
Moderate. 

I 
I 

I 

I 
I --- --- I --- 

, I Moderate. 

>6.0 

>6.0 

--- 

Oc t- Jun 

IModerate :Low------ 

I 

IModerate ;Low------ 

I I I 

I 

I 
I 

I I 
I I 
I 0 
I I 

I 

IModerate !Low------ 
I I 

I 

I 
I 
I 

IModerate ;Low------ 
l 

/High----- !High----- 

, I 
I 

I 

I 
I 

I 
I 

;High----- ;Low------ 
I I 
I I 
!High----- I Low------ 

a I 

Moderate. , I 

I I 

I 

I , I 
IOccasional --- Brief----. , --- Low. I 

I 
1 I 

Oot-Junl >6.0 
I 

I 
I 

3rief----- --- Low. 

0 
0 
0 
0 
4 
cp 

--- 

Appareni 

Apparenl 

--- 

e-- 

Nov-Mar 

Dec-Apr 

--- 
--- 

Low. 

doderate. 

loderate, 

.ow. 

I 
I 

--- Il.0-2.1 
I 

I 

IOccasional 
I 

Dec-MayI4.0-6.( 

Mar-Junl >6.0  

Nov-JunI >6.0 

I 

I I 

I 
I 

I 

I 

i 
IOccasional 

--- Low------ I Low, 
I 

I 

I 
I 

High-----!Moderate. 
I 
I 

I 

I 
I 3 .O-6 .C 

I 
I >6.0 

I I 
Perched 

--- 
--- 

Mar-Apr Moderate 

Moderate 

Moderate 

I 
Moderate Moderate, 

I 

I >6.0 
I 

Moderate Moderate. I 

I 

I 
I >6.0 

I,>6.0 
I 

i 
I 

Moderate 

Moderate 

Moderate. 

Low. 
i 
l 
I >6.0 Moderate Moderate Moderate, 
i 



- 
TABLE 18.--SOIL A N D  W A T E R  FEATURES--Continued !!? 

Q, 
Risk o f  c o r r o s i o n  

Uncoated :Concrete  
I 

s t e e l  I 
I 

I 

I 

# l e  I Bed I 

lonths I Depth 
I 

I I FloGd i n g  I High water  t 
I I I S o i l  name and ;Hydro-I I I 

map symbol ; l o g i c ;  Frequency I Durat ion :Months I Depth I K i n d  

ck 

la rdness  
P o t e n t i a l  

f r o s t  
a c t i o n  :group I I I 

0 I I I 
I i , I 

I 

, I 
, I 
I 
I 

I I 
I 

I 

I 

I 
I 
I 

i 
I 

8 I 

I I 

I 
I 
I 

I 
I 

I 
I 

I 

I 

I 
I 
I 

I 

I  
I 
I 
I 

I 

I 

I 
I 
I 

I I I 

I 
I 

High----- Moderate i High. 
I 

B 

B 

C 

C 

B / D  

B 

3 B 

C 

C 

3 
B 

B 

>6.0 

>6.0 

>6.0 

>6.0 

>60 

>60 

>50 

>50 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

I 

i 
I 

Moderate I High. 
I 

High----- 

I 
i 

High-----IModerate. I Moderate --- 
I 

I 

I 

I 
I --- Moderate. Moderate High----- 

b.5-2.0 lar-Jun I 

I  
I 

- I  
I --- I 

I 
High----- High----- Low 4 ippar en t 

1 Moderate. , 

Moderate. 

Low. 

>6.0 

1.0-3.0 

4 .O-6 .O 

1.5L3.0 

1.5-3.0 

> 6 . 0  

>6.0 

>6.0 

Moderate 

High----- 

Moderate 

High----- 

--- 
Lppar en t 

\pparent  

'er  c hed 

I 

I 

Jan-Apr I 

I 
'eb-Apr I 

I 

Ian-Apr i 

I 

I I I 
High----- i High. 

I i 
I 

I I 

'erched I Jan-Apr I !High----- 
I 

1 
;High----- 

I 

I 

I 

I 
I 

I High----- 
I 
I 
I 
!Moderate 

I 

I  

I 

I 
I 

I 
I 

I 

I 

I 
I 

I 

I 

I 

#- 
I 

Moderate IModerate. 
I 

I 

I 

Moderate I n o d e r a t e .  
I 

I 
I 

Low------ I Low. 
I I 
I 

--- 

--- 

-e- 

I 
I 

I 

Frequent----;Very br lefINov-Jun 
S t o n e l i c k  I 

I 

See f o o t n o t e s  a t  end of  t a b l e .  



TABLE 18. --SOIL i N D  WATER FEATURES--Continued 
# , I 

I logic; Frequency I Duration !Months I Depth I Kind !Months I Depth !Hardness! frost :Uncoated :Concrete 
; g r o u p  

I I Flooding I High water table I I I Risk o f  corrosion Bedrock 
I I I I I I IPotentialI 

I I I I I I I action steel I 

I I I I I I I I 
I E  I 

I !High-----IHigh-----IModerate. 
I I I I I I 

I I I I 
I I 

I I m I I 

Soil name and !Hydro-j I I 

I I I 
0 map symbol 

I I I I I 

I I I 

I I I 
I --- 

I I & !  
0 

:2.0-6.0IApparentlMar-AprI >60 I --- I 

I I I I 

8 !None- ------- --- 
4 Xenia 

* See description o f  the map unit for composition and behavior characteristics o f  t h e  m a p  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 (J) surface to 2.0 feet below. 

.- 
ti =b 

c4 

9) 



T A B L E  1 6 . - - S ~  w N D  WATER FEATURES 

[The d e f i n i t i o n s  of  I1f loodingt1 and "water t a b l e t 1  i n  t h e  t ex t  expla in  terms such a s  l l r a r e , l l  l l b r i e f , l l  I1apparent l t1  a n d  l lperched.ol  
Absence o f  an e n t r y  i n d i c a t e s  t h a t  t h e  f e a t u r e  i s  n o t  a concern]  The symbol < means l e s s  t h a n ;  > means more t h a n .  

) l e  ; ~ e d  

l o n t h s  I Depth 
I 

I I 

K i s k  of c o r r o s i o n  , c k i  : P o t e n t i a l  
lardnessl  f r o s t  

I a c t i o n  

High water t 
, I 

Flood1 ng  Soil name and ;Hydro-:- , I 1 I 

map symbol I l o g i c ;  Frequency I Durat ion  !Months 
roup I I I 

I I 

lncoated ;Concre te  
s t e e l  I 

Depth I K i n d  
I I 

F t  i . - -  
I 

.O-3.0 ;Perched 
I I 

i i g h .  

qoder a t e  . 

I I 

Ian-Apr I 

dar-Jun I 

I 

I 

>6 0 

>60 

>60 

>60 

>60 

>60 

> 60 

>60 

D 

B 

B 

A 

C 

C 

C 

B 

B 

C 

C 

B 

B 

.O-3.0 \ A p p a r e n t  
I 
I I 

4 I 

>6.0 I --- 
>6.0 I --- 

I 
.5-3.0IPerched 

, I 

6 I 

I I 

> 6 . 0  I --- 
I 

I 

.O-3.OIApparent 
I 

1.0-6.0 :Perched 
I I 

iigh----- --- 
I I 
I 
I I I 

Low * 

Low. 

Moderate. 

High. 

Moderate . 

Moderate, 

Moderate. 

Low. 

Low. 

--- 
--- 

Jan-Apt 

l o d e r a t e  --- 

Jan-Apt iigh----- 

'lode r a t e 

Moderate 

Moderate 

Moderate 

High----- 

High----- 

High----- 

High----- 

Low------ 

I 

Mar-Apr 
I 
I 

1.5-6.0IPerched Mar-Api 40-60 

2 0-4 0 

>60 

>60 

>60 

>60 

48-72 

>60 

7ippable  

7 i  ppable 

- -- 

--- 

--e 

I 
I 

>6.0  I --- --- 
I 

i 
l.0-6.OIApparent I 

I 

Jan-Api Occasional  !Brief----. 
I 
I 

.' t 
>6.0 I --- 

.. . ... I 
I 

Moderate Moderate. --- --e 

I 

I 

I I 

>6.0 I --- 
I 

Moderate Moderate. --- 
I I 

0 

1.0-3.0;Apparent 
I I 

High----- 

High----- 

Moderate . 
Moderate. 

Low. 

Jan-Ap 

Jan-Api 

; --- 
I I 

I I I Rippable 

4 I 

I 

1.0-3.0 ;Perched 
8 I 
I 

>6.0 I --- 
I I 

I I 

I , I 
I I --- ;Moderate I 

I 
I I 
I I 

Oct-Jul -- 
I 

I 

S e e  f o o t n o t e  a t  end of  t a b l e .  



w 
TABLE 16.--SOIL AND WATER FEATURES--Continued 

f; 
Risk of corrosion Flooding 

Soil name and ;Hydro-:- I , 
map symbol I logic! Frequency I Duration 

High water table , Bed rock , 
Months 

!Potentia 
frost 

act ion 

I 
Uncoated :Concrete 

steel I 
I 
I 

Low------:Moderate. 

Depth jHardnes: Depth I Kind IMonths 

I I 
2.5-6.0IApparentINov-Ma: 

I I 

Ft ; I -- 
I I 

8 I 
I 

I 

I 
I 

I I 

, I , I 

I 

>6.0 I --- --- 
I I , 
8 

I 

I 

1 -  I 
I I 

I 

0-2.0IApparentIMar-Jur 

I 

In ' 
I 

I 
I 

I 
I 
I 

I 

I 

I 

I 

I 
I 

I 
I 

I 

I 

I 
0 I 
I 

I I 
I 

I 

! 

>60 

>6 0 

>60 

>60 

>60 

20-40 

2 0-4 0 

>60 

08-72 

High----, 

I 
i 

High----- Inoderate. 
I 
I I 

Moderate 
USA* : 
Urban land. 

, I 
I I 

I I 
I I 

I I 

High----- I Low. 

/Moderate. Low------ 
I 

I 

High----- 

Moderate 
, 
I I 

>6.0 I --- I --- 
, I I 

I 

Moderate Inoderate. 
I 
I 

Moderate 

I 

> 6 . 0  I --- I IRippa.ble 

I 
I 

I I Rippable 

Moderate 

i 
iigh----- ILOW. 

I 
>6.O I --- 

I 

I 

0 
I I I 

12.0-6.0;Apparent 
I I 

Moderate 
I 

I 

I 

I 
I --- 

I 
I 0 

0 
0 
0 
-J 
8 

I 

llgh-----!Moderate. 
I 
I 

ligh----- /Moderate. 
I 

iigh----- 

;ligh----- 
I 8 I 

I 12.0-4.0IPerched 
I I 

I 

I I Rippable 

! 
I 

0 
I I i 

* See map unit description for the composition and behavior of the map unit. 
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D 
Table 2-Za.l-Runoff curve numbers for urban areas' . 

Curve numbers for 
Cover description \ hydrologic soil group- 

\ / 
Average percent 

Cover type and hydrologic condition impervious area2 D 

Fully developed urban areas (vegetation established) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.)?: 

Poor condition (grass cover < 50%) .............. 
Fair condition (grass cover 50% to 75%). .......... 
Good condition (grass cover > 75%) .............. 

(excluding right-of-way). ......................... 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. 

Streets and roads: 
Paved; curbs and storm sewers (excluding 

right-of-way) .................................. 
Paved; open ditches (including right-of-way) ....... 
Gravel (including rightaf-way) .................... 
Dirt (including right-of-way) ..................... 

Western desert urban areas: 
Natural desert landscaping (pervious areas only Y... 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand 
or  gravel mulch and basin borders). .............. 

Commercial and business. ......................... 
Industrial ........................................ 

118 acre or  less (town houses). ..................... 
114 acre ......................................... 
113 acre ......................................... 
1/2 acre ......................................... 
1 acre ........................................... 
2 acres .......................................... 

D 
Urban districts: 

Residential districts by average lot size: 

9s 

98 
83 
76 
72 

63 

96 

85 89 
72 81 

65 77 
61 38 

30 57 
25 54 
20 51 
12 46 

.- 

_-_ _.__ Developiny urbnii areas 

\ 7- 

61 I 74 

98 j 98 
I 

98 1 98 89 92 
85 89 
82 , 87 

77 85 

I 

i 
96 96 

92 94 
88 91 

I 

85 b o  
75 83 
72 81 
70 80 
68 79 
65 77 

89 
84 
80 

98 

98 
93 
91 
8? 

88 

96 

95 
93 

92 
- 87 
86 
85 
84 
82 

94 

I 

lAv&xge.runoff condition;.and I,,?= 0.2s. 
?he average pelrent impervious area shown was uwtl to tlewlop the composite CN's. Other assumptions alp as follows: iinpm'ious areas 
are tlirectly connected to the drainage system. impeivious areas hgve H CN of 98, antl I'clvious areas are consitleld equiviilent to ope11 
space in good h.vhlogic condition. CN's for other combii1;itions of conditions may be computed using fipnv 2-3 01' 24. 
V N ' s  shown are equivalent to those of pasture. Composite CN's may be computed for other combillatiolls of open space ewer type. 
4(hmposite CN's  for i1atui-A desert IaiitlscapinR should he computed using fig~1.e:: 2-3 or 2 4  based u11 the inlpeivious area percentage (CN 
= 98) antl the pervious area CN. The pervious area C N ' s   at^ assunled equivalent to tlesr~t shrub in pjor hytlrolofic condition. 
Ampsite CN's  to use for the tlesipi of temporary mvwures cluriiig gi-xling and constiwtioii should be computed using figure 2-3 or 24. 

aased on dhe degree of clevelolment (impervious area percenhge) and the CN's  for the  nedy gixdetl peivious areas. 

(210-VI-TR-55, Second Ed., June 1986) OOC)080 2-5 



Table 2-2c.--Kunoff curve numbers  f o r  o ther  agr icul tural  lands '  

Cover description 

~ 

Curve numbers for 
hydrologic soil group- 

Hydrologic 
Cover type' condition A 

Pasture, grassland, or  
forage for grazing.2 

1 J 
Meadow-continuous grass, protected from 

grazing and generally mowed for hay. 

Brush-bi.ush-u.eed-gr~ss mixture w i t h  brush 
t h e  major element.3 

Woods-grass combination (orchard 
o r  tree farm).5 

Woods.6 D 

I 
Poor 68 
Fair 49 
Good . - -- - - - -39- 
- 30 58 1 71 

Poor 
Fair  
Good 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

48 
35 
430 

57 
43 
32 

45 
36 
430 

67 
56 
48 

73 

58 
65. 

66 
60 
55 

! 77 

I 65 

1 73 

70 

82 
i 76 
! 72 

' 77 

70 ! 

89 
84 
80 

78 

83 
77 
73 

86 
82 
79 

83 
79 
77 

(210-VI-TR-55, Second Ed., June 1986) 2-7 000081 
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CMP COVER REQUIREMENTS 

Pipe 
Span, 

12-42 
48-72 
78-1 20 
126-1 44 

Inches 

Minimum Cover (feet) 
for Indicated Axle Loads (kips) 

2.0 2.5 3.0 3.0 
3.0 3.0 3.5 4.0 
3.0 3.5 4.0 4.0 
3.5 4.0 4.5 4.5 

18-50 50-75 75-1 10 1 10-1 50 

Information reproduced from: [Contech, 1 9991 
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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 OSDF. 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. 

1 HYDROLOGIC AND BASIN ROUTING ANALYSES [HydroCadm, 20011 - 
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 Attachment A- 

8. 

Rainfall Distribution 

A SCS Type II 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, 

19861. 

Rainfall Depth 

Attachment B-2 [Parsons, 19951 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. 
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Return Period 
(years) 

Rainfall Depth 
(inches) 

I 2 I 2.6 

10 

25 

4.1 

4.7 

I 100 I 5.6 

RunofScurve numbers 

Subcatchment characteristics including total area and data for calculation of weighted CN 

Data includes the percentage of subcatchment area for are tabulated in Attachment B-3. 

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

B 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. 

F013OO83 
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Planimetered areas within contour elevation lines (for calculation of the stage-storage 

Coefficients for principal and emergency relationship) are presented in Attachment B-7. 

spillways are selected as follows and input into the HydroCADTM models. 

Principal Spillway Riser Pipes 

Discharge coefficient for orifice flow, C = 0.60 

Principal Spillway Outlet Pipes 

0 

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

ii 

OSDF Basin I Emergency Spillway 1 

Type, shape = broad crested weir, rectangular (approximation) 
Weir coefficient (English units), C = 3.0 [Stahre and Urbonas, 19901 

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

spillways are tabulated in Attachment B-8. 

HYDRAULIC ANALYSES 

i 2 i u l d S  
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, 19591. 

(Irllverts 

Input data for culverts includes: (i) physical 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 (iii) 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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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. 

I 

TABLE 1 - RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES) 
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SUBCATCHMENT AREA AND HYDRO CAD^" INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

OSDF Design Scenario 

N/A - Not Applicable 

B attachments finaVB3 OSDF 
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SUBCATCHMENT AREA AND HYDRO CAD^^ INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 
Design Case "A" 

/ 

Weighted CN 

000098 
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SUBCATCHMENT AREA AND HYDRO CAD^" INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 
Design Case "B" 

I .- d 
c 
L 

E 5.61 50% B Runon Area East of OSDF 69 
50% C Runon Area East of OSDF 79 I 

B attachments finaVB3 DC B 000099 
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HYDROCADTh" INPUT PARAMETERS FOR THE CALCULATION OF TIh4E OF CONCENTRATION 
OSDF DESIGN SCENARIO 

2-year. 24hr Design Rainfall Depth, pr.2, = r ] i n c h e s  

SHEET FLOW 2 

Land Slope flow length Surface Manning.s Land Slope 
(fun) (it) Dewription (iI/B) 

SHALLOW CONCENTRATED FLOW SIEET FLOW 3 

Land Slope (fdft) R o w  Length Surface Land Slope f low Lcngth Surface Manning.s 
(ft) Devription Dewription (ic/fl) 

SHEET now 1 CHANNEL FLOW I 
f l o w  Length Bottom Width Manning's n Longitudinal 

VI) HOW Depth (it) Sideslopes (iil't) Slope (iUil) 

0.0045 

0.0045 I 50 smooth 0.011 0.1700 UNPAVED 0.1700 

I I I I 
0.01 I 

smooth 0.01 I 

unvcgetated cell two cover 

cell four I35 

0.0045 

0.0050 
I I I I I I 

smooth I 0.01 I 0.1 148 

0.0769 

0.0100 100 grass: shon 0.150 0.0500 

0.0100 85 grass: shon 0.150 0.0500 

smooth 0.01 I 0.1 428 70 

0.5Ooo 115 grass: shon 0.150 

0.0100 

0.0100 

0.0050 smooth I 0.011 F cell live I30 

C devclopmcnt area 120 grass:shon I 0.150 20 grass:shon 0.150 0.2000 

45 grass: shon 0.150 0.20Ml grass: short I 0.150 H devclopmt area 30 

I liner runout 70 
~~ 

smooth I 0.01 I 0.0142 

0.0100 grass: short 0. I SO --I- grass: shon 0.1 50 

J dcveloprrlent area 45 

K development area I10 

*: grass: short 0. I SO __t_ L dcrzlopment area I30 

M d m c n t a t i m  basin I I I I 

000101 



HYDRO CAD^" INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
DESIGN CASE "A" 

;low Length (ft) 

SUBCATCHMENT LABEL 
AND DESCRIPTION 

Surface 
Description 

Description 

Runon East of OSDF 

Runon East of OSDF 

0 

0 

0 

0 

- 

Runon East of OSDF 

I S O  3.0,5.0 0.030 0.0040 

2.00 3.0, 5.0 0.030 0.0070 

2.00 5.0,4.0 0.030 0.01 10 

2.00 3.0, 3.0 0.030 0.0 100 

- - - - E Runon East of OSDF 

- 

100 

520 

1110 

SHEET FLOW 1 
I I I 

- 

UNPAVED 

UNPAVED 

UNPAVED 

Flow Length Land Slope 
Surface Description 

~ 

20 

300 

I I I 

grass: short 0.150 0.0800 

grass: short 0.150 0.0070 

300 grass: short 0.150 0.0 120 
~ ~~ 

smooth 0.01 1 0.2000 

grass: short 0.150 0.0 150 

2-year, 24-hr Design Rainfall Depth, P2-24 = F l i n c h e s  

SHALLOW CONCENTRATED FLOW I CHANNEL FLOW 1 

0.0200 

0.0120 -+-+ 
0.0150 ' I - 

I I I I 
Bottom Width I I Sideslopes I Manning,s I Longitudinal 

Slope (ft/ft) (ft) Flow Depth (ft) (ft/ft) 

000102 
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Th4 HYDROCAD INPUT PARAMETERS FOR THE CALCULATION OF TIME OF 

Flow Length Surface Description 
(ft) 

CONCENTRATION 
DESIGN CASE "B" 

Manning's n 

2-year, 24-hr Design Rainfall Depth, P2-24 =I . 2.60 (inches 

Flow Length (ft) 

I SUBCATCHMENT LABEL 
AND DESCRIPTION 

I Surface Land Slope 
Description (fdft) 

No. 

A 

B 

C 

D 

E 

SHEET FLOW 1 

Description 

Runon East of OSDF 

Runon East of OSDF 

Runon East of OSDF 

Runon East of OSDF 

Runon East of OSDF 

300 

300 

300 

300 

300 

grass: short 0.150 

grass: short 0.150 

grass: short 0.150 

grass: short 0.150 

grass: short 0.150 

Land Slope 
(fdft) 

990 

390 

160. 

320 

510 

0.01 50 UNPAVED 0.0 150 

UNPAVED 0.0 1 80 

UNPAVED 0.0200 

UNPAVED 0.0230 

UNPAVED 0.0180 

0.01 80 

0.0200 

0.0230 

0.0400 

SHALLOW CONCENTRATED FLOW 
I I 

000103 
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SUMMARY OF CHANNEL INPUT DATA 

Channel Identification 
Channcl Design 

Namr"' smna Scenario 

Gb new OSDF. 

J new OSOF 
8 new OSDI' 
9 ncw OSDI: 

in ncw OSDI: 

1 ncw . OSDF 

Channel Characaristics Hydrologic Calculations Hydraulic Calculations 
Section Availahle langitudinal Manninp Bomm Side Side HydroCAI1 HydroCAD A r ~ a  of Perimear Hydraulic R a k  Flow Estimated Channel I,eak plow Lining 

Q Freehoard Velocity T y p ~  Shape Flow Sl0pe"l n Width Slop: Slopc Node "' Q Flow P Radius. R Depth 
k p l h  ((1) (%) O ( n )  M,:l M1:I (CR) A (sq r i )  (11) ((1) Y cn) (crs) ([I) Vps) 

VCe 3 1.39% 0.030 0 3 3 6 

vre 2 1.60% (1.030 0 3 3 N/A 

VLY 3 1.60% 0.030 I) 3 3 8 
V W  4 1.47% (1.030 0 3 3 9 
vce . 3 1.47% 0.031) 0 3 3 111 

VCe 2 i.om 0.030 0 3 3 N/A 

lnlrnionally Icfi hlank. Will De addreswd in the calculation section. 

VW 

V D C  

VW 

V I X  

Y t c  

VW 

VEX 

VCe 

vee 

I .6 0.77% 0.030 0 6 4 I I 
2.3 0.61% 0.030 0 S 3 I 

2 0.45% 0.030 0 4 2 I 

2.8 0.81% 0.030 0 4 2 I 
4 0.61% 0.030 0 6 3 2 Inlentionally left blank. Wi l l  be addressed in the calculation scction. 

3 1.00% 0.030 0 4 5 2 
4 1.50% 0.030 0 4 5 2 
3 2.1 1% 0.030 0 3 3 3 

2.5 0.52% 0.030 0 3 3 4 

I. Channels arc named a l a r  ihe comspondinp rubcatchment or reach. 
2. I.ongitudinal slnpcc taken lrom the Dnwinp.  
3. NIA lndicatcs lhai then is no1 specific HydroCAD node arsociaad with the particular channel 

I A  

I I3 
IC 
ID 
2A 

20 
2c 
3 
4 

i . t. 

existing D C A  
existing DC A 
existing DC A 
existing DCA 
cxislinp D C A  
cxlsling DC A 

existing L X A  
new DCA 
new I)C A 
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BASIN ELEVATION CONTOURS DATA 
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B 

Elevation 
(ft MSL) 

581 .O 
582.0 

583.0 

584.0 
585.0 

586.0 
587.0 

588.0 

B attachments finaVB7 

Planimetered Area 
(acres) 

0.1 48 

0.972 

1.124 
1.21 7 

1.318 

1.407 
1.494 

1.563 

STAGE-STORAGE INPUT DATA FOR SEDIhlENTATION BASIN 

000109 



ATTACHMENT B-8 

BASIN OUTLET STRUCTURE DATA 
) 
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OSDF BASIN 1 ROUTING INPUT DATA 

5 OSDFBASIN 1 2 

DESCRIPTION PARAMETER VALUE 
IN UNITS SHOWN jEn 

30' wide 
trapezoidal channel 

I 

EMERGENCY SPILLWAY 

EMBANKMENT 

AVAILABLE STORAGE 
VOLUME (TO RISER INLET, 

SUBCATCHMENT 

586.5 

0 
0 
0 
P 
F 
c1 

To primary spillway 
riser pipe inlet 

n 

5 
8 
V a v 

5.0 2 
3 
4 
0 > 

M 
h 

L 

I Twin 48"CMP I 

Drainage area 

1 Twin 36" CMP 

V 
(D 
v 

c w cc 

5 I 580.0 

588.0 40' wide top width 

21.15 

B attachments final/B8 
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PHASE IV SURFACE-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 N 
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 presented 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 HydroCADTM run is performed for the 25- 

year, 24-hour storm event. For the Design Case “B” nodal network, a HydroCADTM 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-1 A, C-lB, and C-IC for the OSDF 

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

Runof 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 HydroCADm. 

F0130083 
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HYDRAULIC ANALYSES 
Calculation parameters obtained from HydroCADTM for use in design include the following. 

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

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. 

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

Clhannels 
Hydraulic CapaciQ 

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 i n  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. 

Hydraulic Capacity 

For each culvert, peak flow rates are obtained from HydroCADTM 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 

FO 130083 000113 
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Attachrnent C-4A. Calculated headwater elevations and overtopping elevations are tabulated and 

presented in Attachment C-4B. I 

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

elevation by at least 0.5 feet. i 
Outlet Protection 

For each new culvert, recommendations for outlet protection, based on guidelines 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. 

OSDF Basin I 

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 drainage area is 

calculated (an example calculation is provided in Attachment C-5). 

volume exceeds both of the required storage volumes. 

presented in Attachment C-5. 

The available storage 

Analysis results are tabulated and 

The peak water elevations for the 25-year and 100-year storm events are obtained from 

HydroCADTM 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. 
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OSDF DESIGN SCENARIO 
10-YEAR, 24-HOUR STORM EVENT 



-, - 
2 4' " I 

OSDF Design Scenario Type I1 24-hr Rainfall=4. IO" 1 Prepared by GeoSyntec Consultants Page 1 
8/23/2001 *HydroCADB 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Pond 1P: sedimentation basin 1 

Inflow - 40.69 cfs @ 12.02 hrs, Volume= 4.834 af 
Outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= 100°/~, Lag= 0.0 min 
Primary = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af 

- 

Routing by Stor-lnd method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 

Peak Elev= 585.62' Storage= 4.831 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Conic sections 

Elevation 
(feet) 

581 .OO 
582.00 
583.00 
584.00 
585.00 
586.00 
587.00 
588.00 

Surf.Area 
(acres) 

0.148 
0.972 
1.124 
1.217 
1.31 8 
1.407 
1.494 
1.563 

I nc.S tore 
(acre-feet) 

0.000 
0.500 
1.047 
1.170 
1.267 
1.362 
1.450 
1.528 

Cum.Store 
(acre-fee 1) 

0.000 
0.500 
1.547 
2.71 7 
3.984 
5.346 
6.797 
8.325 

Wet.Area 
(acres) 

0.148 
0.972 
1.125 
1.220 
1.323 
1.414 
1.503 
1.575 

Primary OutFlow (Free Discharge) 
2=Culve rt 

1 =Orifice/Grate L-% 3=Broad-Crested Rectangular Weir 

# Routing invert Outlet Devices 
1 Device 2 585.75' 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 

3 Primary 586.50 30.0' long Broad-Crested Rectangular Weir 
Outlet Invert= 578.86' S= 0.01 87 T n= 0.024 Cc= 0.900 

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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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.10" 
Page 2 

8/23/200 1 

Pond 1 P: sedimentation basin' 1 
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OSDF Design Scenario 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfah=2: 70" D Prepared by GeoSyntec Consultants Page 1 
8/23/2001 

Time span=0.00-24.00 hrs, dt=O.lO hrs, 241 points 
Runoff by SCS TR-20 method, UH=SCS, Type I t  24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

Subcatchment A: vegetated cover of cell one 
Tc=l7.3 min CN=83 Area=2.049 ac Runoff= 6.85 cfs 0.495 af 

Subcatchment 6: vegetated cover of cell one 
Tc=6.2 min CN=83 Area=l.O96 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 
Te3.4 rnin CN=89 Area=2.590 ac Runoff= 15.1 8 cfs 0.752 af 

Subcatchment E: unvegetated final cover system 
Tc=2.6 min CN=89 Area=l.295 ac Runoff= 7.55 cfs 0.376 af 

Subcatchment F: unvegetated final cover system 
Te3.0 min CN=89 Area=l.437 ac Runoff= 8.42 cfs 0.417 af 

Subcatchment G: construction support area 
B 

Te25.3 min CN=82 Area=l.751 ac Runoff= 4.70 cfs 0.408 af 

Subcatchment H: construction support area 
Te14.4 rnin CN=82 Area=l.780 ac Runoff= 6.37 cfs 0.416 af 

Subcatchment I: liner runout/construction support area 
Tc=3.7 rnin CN=87 Area=2.164 ac Runoff= 12.1 1 cfs 0.592 af 

Subcatchment J: construction support area 
Tc=18.3 min CN=82 Area=0.491 ac Runoff= 1.55 cfs 0.1 15 af 

Subcatchment K: construction support area 
Tc=l5.5 min CN=82 Area=0.171 ac Runoff= 0.59 cfs 0.040 af 

Subcatchment L: construction support area 
Te17.7 min CN=82 Area=0.142 ac Runoff= 0.45 cfs 0.033 af 

Subcatchment M: direct runon into pond 
Tc=l .O min CN=98 Area=l.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 

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 

Reach 2: east channel 

B 
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OSDF Design Scenario Type II 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 2 
8/23/200 1 

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 

Inflow= 33.67 cfs 3.1 99 af 
Length= 475.0' Max Vel= 3.1 fps Capacity= 1,565.32 cfs Outflow= 32.55 cfs 3.1 92 af 

HydroCADB 5 97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

' Reach 3: east channel 

Reach 4: east channel 

Reach 5: CMP culvert Inflow= 34.1 4 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 cfs Outflow= 33.64 cfs 3.601 af 

Reach 7: CMP culvert Inflow= 1.55 cfs 0.1 15 af 
Length= 74.0' Max Vel= 2.2 fps Capacity= 579.36 cfs Outflow= 1.53 cfs 0.1 15 af 

Reach 8: channel Inflow= 1.53 cfs 0.1 15 af 
Length= 90.0 Max Vel= 2.3 fps Capacity= 214.02 cfs Outflow= 1.51 cfs 0.1 15 af 

Reach 9: channel Inflow= 12.1 1 cfs 0.592 af 
Length= 60.0' Max Vel= 3.7 fps Capacity= 441.30 cfs Outflow= 1 1.80 cfs 0.592 af 

ID Reach IO: 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 cfs 0.736 af Outflow= 1.59 cfs 0.736 af 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Apphed Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 3 

8/23/200 1 

Subcatchment A: vegetated cover of cell one 

Runoff = 6.85 cfs @ 12.04 hrs, Volume= 0.495 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Type Ii 24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.049 a3 

Tc Length Slope Velocity Capacity Description 

6.9 90 0.0500 0.2 Sheet Flow, 

3.8 60 0.1000 0.3 Sheet Flow, 

6.4 150 0.1700 0.4 Sheet Flow, 

0.2 70 0.1700 6.6 Shallow Concentrated Flow, 

(min) (feet) (Wft) (Wsec) (cfs) 

Grass: Shor t  n= 0.1 50 P2= 2.60" 

Grass: Short n= 0.150 P2= 2.60" 

Grass: Shor t  n= 0.1 50 P2= 2.60" 

Unpaved Kv= 16.1 fps 
17.3 370 Total 

Subcatchment A: vegetated cover of cell one 
Hydrograph Plot 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Sys t ems  

Type I! 24-hr Rainfall=4: 70" 
Page 4 

8/23/2001 

Subcatchment B: vegetated cover of cell one 

Runoff = 5.05 cfs @ 11.91 hrs, Volume= 0.265 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.096 83 

Tc Length Slope Velocity Capacity Description 

2.6 50 0.1800 0.3 Sheet Flow, 

3.6 450 0.0045 2.1 9.75 TrapNeelRect Channel Flow, 

(min) (feet) (ft/ft) (Wsec) (cfs) 

Grass: Short n= 0.1 50 P2= 2.60" 

Bot.W=O.OO' D=l.O2' Z= 6.0 & 3.0 '/' n= 0.030 
6.2 

5 

4 

v1 
.c 

2 3  
3 
ii 
0 

2 

1 

0 

500 Total 

Subcatchment B: vegetated cover of cell one 
Hydrograph Plot 
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OSDF Design Scenario 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfai=4.70" D Prepared by GeoSyntec Consultants Page 5 
a12312001 

Subcatchment C: unvegetated cover of cell 2 

Runoff = 25.22 cfs @ 11.90 hrs, Volume= 1.325 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
4.562 89 

Tc Length Slope Velocity Capacity Description 

0.9 90 0.0500 1.8 Sheet Flow, 

0.5 60 0.1000 2.1 Sheet Flow, 

0.8 150 0.1700 3.2 Sheet Flow, 

0.4 140 0.1700 6.6 Shallow Concentrated Flow, 

3.0 380 0.0045 2.1 10.88 TraoNeelRect Channel Flow, 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Unpaved Kv= 16.1 fps 

Bot:W=O.OO' D=l.O2' Z= 6.0 & 4.0 '/' n= 0.030 
5 :6 820 Total 

L-Runoff) , 
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OSDF Design Scenario Type lI 24-hr Rainfall=4.70" B Prepared by GeoSyntec Consultants Page 6 
8/23/200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment D: unvegetated final cover system 

Runoff = 15.18 cfs @ 11.88 hrs, Volume= 0.752 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 tirs 
Type I1 24-hr Rainfall=4.70" 

B 

Area (ac) CN Description 
2.590 89 

Tc Length Slope Velocity Capacity Description 

0.4 55 0.1540 2.5 Sheet Flow, 
(min) (feet) (Wft) (Wsec) (cfs) 

1.2 160 0.0687 

1.8 260 0.0045 

Smooth suiaces n= 0.01 1 P2= 2.60" 

Smooth surfaces n= 0.01 1 P2= 2.60" 
2.2 Sheet Flow, 

2.4 16.1 6 TrapNeelRect Channel Flow. 
Bot:W=O.OO' D=l.29' Z= 5.0 & 3.0 '/' n= 0.030 

3.4 475 Total 

Su bcatchment D: unvegetated final cover system 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 7 

a12 31200 1 

Subcatchment E: unvegetated final cover system 

Runoff = 7.55 cfs @ 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 I1  24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.295 89 

Tc Length Slope Velocity Capacity Description 

0.8 135 0.1148 2.6 Sheet Flow, 

1.8 320 0.0050 2.9 25.90 TrapNeelRect Channel Flow, 

2.6 455 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Bot.W=O.OO' D=1.59' Z= 4.0 & 3.0 '/' n= 0.030 

Subcatchment E: unvegetated final cover system 
Hydrograph Plot 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 

Type II 24-hr Rainfall=4.70" 
Page 8 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems a1231200 I 

Subcatchment F: unvegetated final cover system 

Runoff = 8.42 cfs @ 11.88 hrs, Volume= 0.41 7 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.437 a9 

Tc Length Slope Velocity Capacity Description 

1 .o 130 0.0769 2.2 Sheet Flow, 

2.0 360 0.0050 3.0 28.59 TrapNeelRect Channel Flow, 

(min) (feet) (fvft) (fvsec) (cf s) 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Bot,W=O.OO' D=l.65' Z= 4.0 8, 3.0 '/' n= 0.030 
3.0 490 Total 

Subcatchment F: unvegetated final cover system 

Time (hours) 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Mlcrocomputer Systems 

Type /I 24-hr Rainfall=4.70" 
Page 9 

8/23/2001 

' Subcatchment G: construction support area 

4.70 cfs @ 12.14 hrs, Volume= 0.408 af Runoff = 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.751 82 

Tc Length Slope Velocity Capacity Description 
(min) (feet) (Wft) (Wsec) (cfs) 
16.6 120 0.0100 0.1 Sheet Flow, Grass: Short n= 0.150 P2= 2.60" 

Grass: Short n= 0.1 50 P2= 2.60" 

Grass: Short n= 0.150 P2= 2.60" 

7.5 100 0.0500 0.2 Sheet Flow, 

1.2 20 0.2000 0.3 Sheet Flow, 

25.3 240 Total 

Subcatchment G: construction support area 

. . .  : . .  . . . . . . .  . . .  .......... . . .  ' : t i  .... ................. ...... r - - r -  , 
. .  

, .  I : 
, 

4.70 cfs 
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OSDF Design Scenario Type /I 24-hr Rainfall=4.70" 

B Prepared by GeoSyntec Consultants Page 10 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Mlcrocomputer Systems 

8/23/200 1 

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 II 24-hr Rainfall=4.70" 

Area lac) CN Description 
1.780 82 

Tc Length 

5.5 30 0.0100 0.1 Sheet Flow. 

Slope Velocity Capacity Description 

(min) (feet) (ft/ft) (ft/sec) (cfs) 

6.6 85 0.0500 

2.3 45 0.2000 

0.2 

0.3 

Grass: Short n= 0.150 P2= 2.60" 
Sheet Flow, 
Grass: Short n= 0.1 50 P2= 2.60" 
Sheet Flow. 
Grass: S h o i  n= 0.150 P2= 2.60" 

14.4. 160 Total 

Subcatchment H: construction support area 



OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 11 

8/23/2001 

Subcatchment. I: liner runoutkonstruction support area 

Runoff = 12.1 1 cfs @ 1 1.88 hrs, Volume= 0.592 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Type I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.164 a7 

Tc Length Slope Velocity Capacity Description 

0.5 70 0.1428 2.5 Sheet Flow, 

1.2 70 0.0142 1 .o Sheet Flow, 

2.0 580 0.0100 4.8 57.39 TrapNeelRect Channel Flow, 

3.7 720 Total 

(min) (feet) (Wft) (ft/sec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Smooth surfaces n= 0.01 1 P2= 2.60" 

Bot.W=O.OO' D=2.00' Z= 3.0 '/' n= 0.030 

Subcatchment I: liner runout/construction support area 
Hydrograph Plot 

. . .  : . .  

. . .  : . "  . : :  . . .  , . . . '  

Time (hours) 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=4.70" 
Page 12 

8/23/2001 

Subcatchment J: construction support area 

Runoff = 1.55 cfs 63 12.06 hrs, Volume= 0.1 15 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Type I1 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.491 82 

Tc Length Slope Velocity Capacity Description 

1.6 45 0.5000 0.5 Sheet Flow, 
(min) (feet) (Wft) (Wsec) (cfs) 

16.0 115 0.0100 

0.7 70 0.0160 

Grass: Short n= 0.1 50 P2= 2.60" 

Grass: Short n= 0.1 50 P2= 2.60" 
0.1 Sheet Flow, 

1.8 0.55 . TrapNeeIRect Channel Flow, 
BotTW=O.OO' D=0.32' Z= 3.0 'r n= 0.030 

18.3 230 Total 

Subcatchment J: construction support area 
Hydrograph Plot 
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OSDF Design Scenario 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type 11 24-hr Rainfall=4.70" 

B Prepared by GeoSyntec Consultants Page 13 8/23/2001 

Subcatchment K: construction support area 

Runoff = 0.59 cfs @ 12.02 hrs, Volume= 0.040 af 
Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Type II 24-hr Rainfall=4.70" 

.Area (ac) CN Description 
0.171 82 

Tc Length Slope Velocity Capacity Description 

(min) (feet) (ft/ft) (ft/sec) (CfS) 
110 0.0100 0.1 Sheet Flow. 15.5 

0.65 

0.6 

0.55 

0.5 

0.45 

0.4 

2 0.35 
3 
-0 0.3. 

0.25- 

0.2- 

0.15: 

- 
.c u) 

LL 

0.14 

0.05; 

0' 
( 

Grass: Short n= 0.150 P2= 2.60" 

Subcatchment K: construction support area 
Hydrograph Plot 

....... ....... . - _ -  . - -  i . - - :  ~ : -  i ....... . . .  
: j : :  . z : ' -  . . '  

: . : .  
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. 
OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Sys t ems  

Type I/ 24-hr Rainfall=4.70" 
Page 14 

8/23/2001 

Subcatchment L: construction support area 

. .  : . .  . . . .  
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. .  ............. ........ ..... . . .  .... 
. . . .  . .  . . .  

. .  . . , . . C . . , . _ .  ._i._ ~. .,... ...., : 

Runoff = 0.45 cfs @ 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 I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.142 82 

Tc Length Slope Velocity Capacity Description 

17.7 130 0.0100 0.1 Sheet Flow, 
(min) (feet) (Wft) (fVsec) (cfs) 

Grass: Short n= 0.1 50 P2= 2.60" 

Subcatchment L: construction support area 
Hydrograph Plot 

I 

D 
000134 



. I I .  

OSDF Design Scenario 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type lI 24-hr Rainfail=4.70" 

B Prepared by GeoSyntec Consultants Page 15 8/23/200 1 

Runoff = 

Subcatchment M: direct runon into pond 

9.98 cfs @ 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 II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.623 98 

Tc Length 

1 .o 

Slope Velocity Capacity Description 

(min) (feet) (Wft) (Wsec) (cfs) 
Direct Entry, direct runon into pond 

Subcatchment M: direct runon into pond 

\ 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I! 24-hr Rainfa!l=4.70" 
Page 16 

81231200 1 

Reach 1: east channel 

inflow = 10.08 cfs @ 11.97 hrs, Volume= 0.760 af 
Outflow = 9.31 cfs @ 12.08 hrs, Volume= 0.757 af, Atten= 8%, Lag= 6.6 min 

Routing by Stor-lnd+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' 
Capacityat 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 T 

Reach 1: east channel 

3 
z 0 

. . . .  . . :  . : . .  . . .  

. .. ... ... :... . .. :. .. .. .: .. .. ..: .. .. : .,... ; ._ : . . :  
. . .  : : : .  . .  : . :  : . . .  --.: . . . . . . . . . . . . , . . . .  ~ 

i :  _ . .  . : ;  

i i.. - J . . .  ..:. 
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OSDF Design Scenario Type II 24-hr Rainfall=4.70" 

B Prepared by GeoSyntec Consultants Page 17 8/23/2001 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Reach 2: east channel 

Inflow = 30.65 cfs @ 11.91 hrs, Volume= 2.082 af 
Outflow = 25.80 cfs @ 12.03 hrs, Volume= 2.075 af, Atten= 16%, Lag= 6.8 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 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 T 

Reach 2: east channel 

00013'7 
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OSDF Design Scenario Type I1 24-hr Rainfall=4.70” ) Prepared by GeoSyntec Consultants Page 18 

8/23/2001 HydroCADB 5.97 s/n 000929 0 1986-2001 Applled Mcrocomputer Systems 

Reach 3: east channel 

Inflow - 33.88 cfs @ 11.93 hrs, Volume= 2.828 af 
Outflow = 31.60 cfs @ 12.02 hrs, Volume= 2.823 af, Atten= 7%, Lag= 5.0 min 

- 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.10 hrs 
Max. Velocity= 3:l 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 ’f 
Side Slope 2-value= 4.0 3.0 T 

Reach 3: east channel 

b 

Hydrograph Plot 

i : : : : . .  . , ,  

.,....,....,.... 
0 1 2 3 4 5 6 7 8 9 10 1‘1 12 1 3 1 4  15 1 6 l i  l ’ s 1 ’ 9 - i O 2 1  2 2 2 3 i 4  

Time (hours) 
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OSDF Design Scenario Type II 24-hr Rainfall=4.70" B Prepared by GeoSyntec Consultants Page 19 

8/23/200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Reach 4: east channel 

Inflow = 33.67 cfs 62 11.97 hrs, Volume= 3.1 99 af 
Outflow = 32.55 cfs 62 12.06 hrs, Volume= 3.192 af, Atten= 3%, Lag= 5.7 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 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 cha.nnel, n= 0.030 Length= 475.0'. Slope= 0.0050 '/' 
Side Slope Z-value= 4.0 3.0 'f \. 

Reach 4: east channel 
Hydrograph Plot 

. .  . . .  : 

.......... *. ......... _.:.. . 
. :  : . . :  

D 
. . .  . . . . . .  . .  

. . . .  ............ 
i : . :  

i : ;  

~ I-'"""-I 
- Outflow 

000139 



4014 
- 
2 3, - J  

OSDF Design Scenario Type I1 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 20 
8123f200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

I Reach 5: CMP culvert 

Inflow - - 34.14 cfs @ 12.03 hrs, Volume= 
Outflow = 34.26 cfs @ 12.03 hrs, Volume= 

3.609 af 
3.608 af, Atten= O%, Lag= 0.2 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 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 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Apphed Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 

ai231200 1 
Page 21 

Reach 6: south east channel 

Inflow = 34.26 cfs @ 12.03 hrs, Volume= 
Outflow = 33.64 cfs @ 12.1 1 hrs, Volume= 

3.608 af 
3.601 af, Atten= 2%, Lag= 4.6 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 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= 0.01 39 '/' 
Side Slope Z-value= 3.0 '/' 

Reach 6: south east channel 

30 
36 
34 
32 
30 
28 
26 
24 

3 22 
3 20 

18 
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). 

Hydrograph Plot 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 

Type I/ 24-hr Rainfall=4.70" 
Page 22 

HydroCAm 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 
a12312001 

Reach 7: CMP culvert 

Inflow - - 1.55 cfs @ 12.06 hrs, Volume= 0.115 af Outflow = 1.53 cfs @ 12.08 hrs, Volume= 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 hrs 
Max. Velocity= 2.2 fps, Min. Travel Time= 0.6 min 
Avg. Velocity = 1 .O fps, Avg. Travel Time= 1.3 min 

0.1 15 af, Atten= 1%, Lag= 1 . I  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= 0.01 59 '/' 

Reach 7: CMP culvert 

- Inflow U - Outflow 
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OSOF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5 97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 23 

1 8/23/2001 

Reach 8: channel 

Inflow = 
Outflow = 

1.53 cfs @ 12.08 hrs, Volume= 
1.51 cfs @ 12.10 hrs, Volume= 

0.1 15 af 
0.1 15 af, Atten= 2'10, Lag= 1 . 1  min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 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 'P  
Side Slope Z-value= 3.0 '/' 

Reach 8: channel 
Hydrograph Plot 

Time (hours) 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5 97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=4.70" 
Page 24 

8/23/2001 

Reach'9: channel 

inflow - - 12.1 1 cfs @ 11.88 hrs, Volume= 
Outflow = 11.80 cfs @ 11.89 hrs, Volume= 

0.592 af 
0.592 af, Atten= 3%, Lag= 0.3 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 0.1 0 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= 0.01 47 'P 
Side Slope Z-value= 3.0 'I' 

Reach 9: channel 
Hydrograph Plot 
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OSDF Design Scenario Type lI 24-hr Rainfall=4.70" 

D Prepared by GeoSyntec Consultants Page 25 8/23/2001 HydroCADB 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Reach IO: channel 

Inflow = 12.84 cfs @ 1 1.89 hrs, Volume= 0.747 af 
Outflow = 12.51 cfs @ 11.90 hrs, Volume= 0.747 af, Atten= 3%, Lag= 0.3 min I 

Routing by Stor-lnd+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 'f 

Reach IO: channel 

: : . .  . : : / :  

. . .  .- . . , .. . . 
: ; :  : x . x .  

. . : .  . : . :  

. . .  . . : :  

- Inflow 
- Outflow 
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OSDF Design Scenario 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 26 

8/23/2001 

Inflow - - 49.39 cfs @ 
Outflow = 49.32 cfs @ 

Reach 11: CMP culvert 

2.03 hrs, Volume= 
2.04 hrs, Volume= 

5.205 af 
5.204 af, Atten= 0%, Lag= 0.3 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-24.00 hrs, dt= 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= 0.01 39 '/' 

Reach 11 : CMP culvert 
Hydrograph Plot 

- Inflow 
- Outflow 
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OSDF Design Scenario Type ll 24-hr Rainfall=4.70” b Prepared by GeoSyntec Consultants Page 27 
8/23/200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Pond 1P: sedimentation basin 1 

Inflow - 50.18 cfs @ 12.01 hrs, Volume= 5.808 af 
Outflow = 1.59 cfs @ 18.70 hrs, Volume= 0.736 af, Atten= 9770, Lag= 401.5 min 
Primary = 1.59 cfs @ 18.70 hrs, Volume= 0.736 af 

- 

Routing by Stor-lnd 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 (1 3% 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 .OO 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 .I25 
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 

3=Broad-Crested Rectangular Weir 

b 
1 =Orifice/Grate 

# Routing Invert Outlet Devices 
1 Device 2 585.75’ 48.0” Horiz. OrificdGrate X 2.00 Limited to weir flow C= 0.600 
2 Primary 580.00’ 36.0” x 61 .O’ long Culvert X 2.00 Ke= 0.700 

3 Primary 586.50’ 30.0’ long Broad-Crested Rectangular Weir 
Outlet Invert= 578.86’ S= 0.01 87 ’P n= 0.024 Cc= 0.900 

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 

000147 



.--. 
4 

OSDF Design Scenario Type II 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 28 
8/23/2001 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Pond 1P: sedimentation basin 1 
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OSDF Design Scenario 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Type I1 24-hr Rainfall=5.60" b Prepared by GeoSyntec Consultants Page 1 
a1231200 1 

Pond 1P: sedimentation basin 1 

Inflow = 64.79 cfs @ 12.00 hrs, Volume= 7.294 af 
Outflow = 5.21 cfs @ 13.85 hrs, Volume= 2.210 af, Atten= 92%, Lag= 11 1.1 min 
Primary = 5.21 cfs @ 13.85 hrs, Volume= 2.210 af 

Routing by Stor-lnd 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 1nc.Store Cum.Store Wet.Area 
(feet) (acres) (acre-feet) (acre-feet) (acres) 

581 .OO 0.148 0.000 0.000 0.1 48 
582.00 0.972 0.500 0.500 0.972 
583.00 1.124 1.047 1.547 1.125 

585.00 1.31 8 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 

584.00 1.21 7 1.170 2.717 1.220 

588.00 1.563 1.528 8.325 1.575 

2=Culvert 
Primary OutFiow (Free Discharge) D 

1 =Orifice/Grate 
Rectangular Weir 

# Routing invert Outlet Devices 
1 Device 2 585.75' 48.0" Horiz. OrificeIGrate X 2.00 Limited to weir flow C= 0.600 
2 Primary 580.00' 36.0" x 61 .O' long Culvert X 2.00 Ke= 0.700 

3 Primary 586.50' 30.0' long Broad-Crested Rectangular Weir 
Outlet Invert= 578.86' S= 0.01 87 '/' n= 0.024 Cc= 0.900 

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 

080150 
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Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=5.60" 
Page 2 

8/23/2001 
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Design Case A Type I1 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 1 

8/23/2001 HydroCADCO 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Time span=0.00-24.00 hrs, dt=O.Ol hrs, 2401 points 
Runoff by SCS TR-20 method, UH=SCS, Type I I  24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

Subcatchment A: modified from Phase 111, subcatchment 50 
Te7.5 min CN=79 Area=0.631 ac Runoff= 2.70 cfs 0.134 af 

Subcatchment B: modified from Phase 111, subcatchment 1 
Tc=43.0 min CN=74 Area=4.001 ac Runoff= 5.66 cfs 0.700 af 

Subcatchment C: modified from Phase 111, subcatchment 2 
Tc=38.1 min CN=73 Area=8.860 ac Runoff=s 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 (112 of subarea 3 from phase 111) 
Tc=38.7 min CN=72 Area=9.124 ac Runoff= 12.76 cfs 1.480 af 

Reach 1: Phase 111, reach 1 Inflow= 2.70 cfs 0.134 af 
Length= 880.0' Max Vel= 1.7 fps Capacity= 64.90 cfs Outflow= 1.97 cfs 0.132 af 

Inflow= 6.67 cfs 0.833 af 
Length= 530.0' Max Vel= 2.6 fps Capacity= 271.26 cfs Outflow= 6.61 cfs 0.830 af 

Reach 2: Phase 111, reach 2 
D 

Reach 3: South East Channel- Section One Inflow= 19.91 cfs 2.547 af 
Length= 250.0' Max Vel= 4.9 fps Capacity= 245.90 cfs 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 4.01 9 af 

000154 
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Design Case A 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type !I 24-hr Rainfall=4.70" 
Page 2 

8/23/2001 

Subcatchment A: modified from Phase 111, subcatchment 50 

Runoff = 2.70 cfs @ 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 I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.631 79 

Tc Length Slope Velocity Capacity Description 

5.2 80 0.0800 0.3 Sheet Flow, 

2.3 350 0.0040 2.5 22.78 TrapNeelRect Channel Flow, I 

7.5 430 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Grass: Short n= 0.1 50 P2= 2.60" 

Bot.W=O.OO' D=l.50' Z= 3.0 & 5.0 'f n= 0.030 
I 

3- 

Subcatchment A: modified from Phase 111, subcatchment 50 
U.rdrogra~h Plot - 

O O O l S S  
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Design Case A Type ll 24-hr Rainfalk4: 70" 

B Prepared by GeoSyntec Consultants Page 3 8/23/200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Mlcrocomputer Systems 

Subcatchment B: modified from Phase 111, subcatchment 1 

Runoff = 5.66 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 II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
4.001 74 

Tc Length Slope Velocity Capacity Description 

39.8 300 0.0070 0.1 Sheet Flow, 
(min) (feet) (fVft) (ftlsec) (cfs) 

Grass: Short n= 0.150 P2= 2.60" 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=2.00' Z= 3.0 & 5.0 'f n= 0.030 

0.7 100 0.0200 2.3 Shallow Concentrated Flow, 

2.5 600 0.0070 4.1 64.90 TrapNeelRect Channel Flow, 

43.0 1,000 Total 

Subcatchment B: modified from Phase 111, subcatchment 1 
Hydrograph Plot 

0 
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Design Case A Type II 24-hr Rainfalk4.70" B Prepared by GeoSyntec Consultants Page 4 
8/23/2001 HydroCAM3 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment C: modified from Phase 111, subcatchment 2 

Runoff = 13.07 cfs @ 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 II 24-hr Rainfalk4.70" 

Area (ac) CN Description 
8.860 73 

Tc Length Slope Velocity Capacity Description . 
(min) (feet) (Wft) (Wsec) ', (cfs) 
32.1 300 0.0120 0.2 Sheet Flow, 

Grass: Short n= 0.150 P2= 2.60" 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=2.00' Z= 5.0 & 4.0 '/I n= 0.030 

4.9 520 0.0120 1.8 Shallow Concentrated Flow, 

1.1 330 0.0110 5.1 92.00 TrapNeelRect Channel Flow, 

38.1 1,150 Total 

Subcatchment C: modified from Phase 111, subcatchment 2 
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Design Case A 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I! 24-hr Rainfall=4.70” 
Page 5 

812 312 0 0 1 

Subcatchment D: runoff developed from ditch west of road 

Runoff = 5.04 cfs @I 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 II 24-hr Rainfall=4.70” 

Area (ac) CN Description 
0.768 89 

Tc Length Slope Velocity Capacity Description 

0.1 20 0.2000 2.3 Sheet Flow, 
Smooth surfaces n= 0.01 1 P2= 2.60” 

2.6 750 0.0100 4.8 57.39 TrapNeelRect Channel Flow, 
Bot.W=O.OO’ D=2.00’ Z= 3.0 7’ n= 0.030 

2.7 770 Total 

(min) (feet) (Wft) (Wsec) (cfs) 

Subcatchment D: runoff developed from ditch west of road 
Hydrograph Plot 

I 

080158 



Design Case A 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Mlcrocomputer Systems 

Type 1124-hr Rainfall=4.70" 

B Prepared by GeoSyntec Consultants Page 6 8/23/2001 

Subcatchment E: runon area (112 of subarea 3 from phase 111) 

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 II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
9.124 72 

Tc Length Slope Velocity Capacity Description 

(min) (feet) (Wft) (Wsec) (CfS) 

29.4 300 0.0150 0.2 Sheet Flo,w, Grass: Short n= 0.150 P2= 2.60" 

Unpaved Kv= 16.1 fps 9.3 1,100 0.0150 2.0 Shallow Concentrated Flow, 

38.7 1,400 Total 

Subcatchment E: runon area (112 of subarea 3 from phase 111) 

0001s9 
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Design Case A 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I  24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 7 
8/23/200 1 

Reach 1: Phase I l l ,  reach 1 

Inflow - - 2.70 cfs @ 11.99 hrs, Volume= 
Outflow = 1.97 cfs @ 12.19 hrs, Volume= 

0.134 af 
0.132 af, Atten= 27%, Lag= 12.5 min 

Routing by Stor-lnd+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 'P 

Reach 1: Phase 111, reach 1 

000160 
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Design Case A Type II 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 8 

8/23/200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Reach 2: Phase 111, reach 2 

Inflow - 6.67 cfs @ 12.32 hrs, Volume= 0.833 af 
Outflow = 6.61 cfs @ 12.44 hrs, Volume= 0.830 af, Atten= 1 %, Lag= 6.8 min 

Routing by Stor-lnd+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= 0.01 10 '/' 
Side Slope Z-value= 5.0 4.0 'r ' 

Reach 2: Phase 111, reach 2 

B 

Hydrograph Plot 
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Design Case A Type I/ 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 9 

8/23/2 00 1 HydroCADCO 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Reach 3: South East Channel- Section One 

Inflow - 19.91 cfs @ 12.37 hrs, Volume= 2.547 af 
Outflow = 19.90 cfs @ 12.40 hrs, Volume= 2.545 af, Atten= O%, Lag= 1.7 min 

- 

Routing by Stor-IndiTrans 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= 0.021 1 'P 
Side Slope Z-value= 3.0 '/' 

Reach 3: South East Channel- Section One 
Hydrograph Plot 

: ! : : .  

j : j  

: . .  

Time (hours) 
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Design Case A 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Ramfall=4.70" B Prepared by GeoSyntec Consultants Page 10 
8/23/200 1 

Reach 4: South East Channel- Section Two 

36 
34 
32 
30 
28 
26 
24 

h 22 
't 20 

3 18 
16 
14 

12 
10 
8 
6 
4 

2 

u) - 
0 

Inflow - - 32.57 cfs @ 12.38 hrs, Volume= 4.025 af 
Outflow = 32.51 cfs @ 12.42 hrs, Volume= 4.01 9 af, Atten= 0%, Lag= 2.4 min 

Routing by Stor-lnd+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 

Hydrograph Plot 
- ~ _ _  . L - - - _  - 3  _ _  . _ _  
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- 

_ _  - 
_ _  

- ,- 
_ _  

o w .  . I .  ).,..( ,,.,,..,,, *,....$' 

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 '/' 

D 
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Design Case B 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 0 Prepared by GeoSyntec Consultants Page 1 
8/23/200 1 

Time span=5.00-20.00 hrs, dt=0.05 hrs, 301 points 
Runoff by SCS TR-20 method, UH=SCS, Type II 24-hr Rainfall=4.70" 

Reach routing by Stor-lnd+Trans method - Pond routing by Stor-lnd method 

Subcatchment A: runon area east of road 
Tc=37.8 min CN=71 Area=l 1.090 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 rnin CN=79 Area=0.810 ac Runoff= 1.89 cfs 0.158 af 

Subcatchment D: runon area east of road 
Tc=27.0 rnin CN=78 Area=l.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 Capacity= 458.80 cfs Outflow= 15.00 cfs 1.572 af 

Inflow= 17.54 cfs 1.574 af 
Length= 50.0' Max Vel= 3.9 fps Capacity= 458.80 cfs Outflow= 17.51 cfs 1.574 af 

Reach 2: culvert 2 

Reach 3: culvert 3 Inflow= 1.89 cfs 0.1 58 af 
Length= 50.0' Max Vel= 2.0 fps Capacity= 458.80 cfs 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: culvert5 Inflow= 11.81 cfs 0.905 af 
Length= 50.0' Max Vel= 3.5 fps Capacity= 458.80 cfs Outflow= 1 1.78 cfs 0.905 af 

000166 . 
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Type lI 24-hr Rainfall=4.70" 
Page 2 

8/23/2001 

Design Case B 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment A: runon area east of road 

Runoff = 15.01 cfs @I 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 I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
8.810 69 
2.280 79 

1 1.090 71 Weighted Average 

Tc Length Slope Velocity Capacity Description 

29.4 300 0.0150 0.2 Sheet Flow, 
(min) (feet) (Wft) (Wsec) (cfs) 

Grass: Short n= 0.1 50 P2= 2.60" 
8.4 990 0.0150 2.0 Shallow Concentrated Flow, 

Unpaved Kv= 16.1 fps 
37.8 1,290 Total 

Subcatchment A: runon area east of road 

Time (hours) 

000167 



Design Case B 
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Type I/ 24-hr Rainfall=4.70" 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Page 3 
8/23/2001 

Subcatchment 8: runon area east of road 

Runoff = 17.54 cfs @ 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 I I  24-hr Rainfall=4.70" 

Area (ac) CN Description 
7.270 69 
3.340 79 

10.61 0 72 Weighted Average 

Tc Length Slope Velocity Capacity Description 

27.3 300 0.0180 0.2 ' Sheet Flow, 
(min) (feet) (fvft) (Wsec) (cfs) 

Grass: Short n= 0.1 50 P2= 2.60" 
3.0 390 0.0180 2.2 Shallow Concentrated Flow, 

Unpaved Kv= 16.1 fps 
30.3 690 Total 

Subcatchment B: runon area east of road 

000168 
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Design Case B 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-tir Rainfall=4.70" 
Page 4 

8/23/2001 

Subcatchment C: runon area east of road 

Runoff = 1.89 cfs 42 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 II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.810 79 

Tc Length Slope Velocity Capacity Description 

(min) (feet) (wft) (Wsec) (cfs) 
26.2 300 0.0200 0.2 Sheet Flow. Grass: Shoi n= 0.1 50 P2= 2.60" 

Unpaved Kv= 16.1 fps 1.2 160 0.0200 2.3 Shallow Concentrated Flow, 

27.4 460 Total 

- 
.c 

Y 

ln 
0 

t 

0- 

Subcatchment C: runon area east of road 
Hydrograph Plot 
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. -. . . .  

A 

- ..... ... ............. - .. 

13 14 15 16 . , I  17 I 18 19 20 
Time (hours) 
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Design Case B Type II 24-hr Rainfall=4.70" D Prepared by GeoSyntec Consultants Page 5 

8/23/200 1 HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment 0: runon area east of road 

Runoff = 4.32 cfs @ 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 I I  24-hr Rainfalk4.70" 

Area (ac) CN Description 
0.100 69 
1.800 79 
1.900 78 Weighted Average 

Tc Length Slope Velocity Capacity Description 

24.8 300 0.0230 0.2 Sheet Flow, 
(min) (feet) (tvft) (ft/sec) (cfs) 

Grass: Short n= 0.1 50 P2= 2.60" 

Unpaved Kv= 16.1 fps 
2.2 320 0.0230 2.4 Shallow Concentrated Flow, 

27.0 620 Total 

Subcatchment D: runon area east of road 
Hydrograph Plot 

F 
- _ - .  . 4 1 

3- 

2- 

1- 

.... ........ _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........ ^ . ........ :_. . . . . . . . .  

...... ..~ .......................... , .. , . . . . . . .  

... 

. .  

1- Runoff 1 

Time (hours) 

O Q O l r O  



Design Case 6 Type I! 24-hr Rainfall=4.70" J 

Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Page 6 
8/23/2001 

Subcatchment E: runon area east of road 

Runoff = 11.81 cfs @ 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 II 24-hr Rainfalk4.70" 

Area (ac) CN Description 
2.780 69 
2.830 79 
5.610 74 Weighted Average 

TC Length Slope Velocitv CaDacitv nescrintinn 

19.8 300 0.0400 0.3 
Grass: Short n= 0.1 50 P2= 2.60" 

Unpaved Kv= 16.1 fps 3.9 510 0.0180 2.2 Shallow Concentrated Flow, 

23.7 810 Total 

Subcatchment E: runon area east of road 
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Type I1 24-hr Rainfall=4.70" B Prepared by GeoSyntec Consultants Page 7 

Design Case B 

HydroCADB 5.97 s/n 000929 0 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-lnd+Trans method, Time Span= 5.00-20.00 hrs, dt= 0.05 hrs 
Max. Velocity= 3.7 fps, Min. Travel Time= 0.2 rnin 
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 

D 

Time (hours) 

000172 
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Type II 24-hr Rainfall=4.70" B Prepared by GeoSyntec Consultants Page 8 

8/23/200 1 

Design Case B 

HydroCADB 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Reach 2: culvert 2 

Inflow = 17.54 cfs @ 12.26 hrs, Volume= 
Outflow = 17.51 cfs @ 12.26 hrs, Volume= 

1 574 af 
1.574 af, Atten= 0%, Lag= 0.4 min 

Routing by Stor-lnd+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= 0.01 00 'I' 

Reach 2: culvert 2 
Hydrograph Plot 

- Inflow I - Outflow 

Time (hours) 
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Type 1124-hr Rainfall=4.70" 

) Prepared by GeoSyntec Consultants Page 9 81231200 1 

P - '  

Design Case B 

HvdroCADB 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Reach 3: culvert 3 

Inflow - 1.89 cfs @ 12.21 hrs, Volume= 0.158 af Outflow = 1.88 cfs @ 12.23 hrs, Volume= 
- 

0.157 af, Atten= 1 %, Lag= 0.7 min 

Routing by Stor-lnd+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 .O min 

Peak Depth= 0.28' 
Capacity at bank full= 458.80 cfs ~. 

A factorof 2.00 has been applied to the supplied storage and discharge data 
72.0" Diameter Pipe n= 0.024 Length= 50.0' Slope= 0.01 00 '/' 

Reach 3: culvert 3 

- Inflow I - Outflow 

000174 
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Type I1 24-hr Rainfall=4.?0" 
Page 10 

812 312 00 1 

Design Case B 
Prepared by GeoSyntec Consultants HydroCAM3 5.97 s/n 000929 0 1986-2001 Applied Microcomputer Systems 1 

Reach 4: culvert 4 

Inflow - - 4.32 cfs @ 12.21 hrs, Volume= 0.356 af 4.30 cfs @ 12.22 hrs, Volume= Outflow = 

Routing by Stor-lnd+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 

0.356 af, Atten= 0%, Lag: 0.6 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= 0.01 00 'P 

Reach 4: culvert 4 
Hydrograph Plot 

a' ; I 

. . . . . . . .  .. ._ ..... - . 

. . .  . . . . . . . . .  ........... . . . . . . . . . .  ... 

. . . . . . . . .  . . :  . 

. . . . . . . . .  ... ...... 

-.,- 

.. .; ................ 

- - I -  

.. ... .- ....... .- ... 

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  ...... . . . . . . . . .  - 

. .... ............. . . -  i - ~ . . .  

.... ...... - - - A  .- _:_._ ._ _ .  _:----L i i ;- I ;  
. . . .  - 1 .  . . . . . . . . . .  i 

15 16 17 18 19 20 
Time (hours) 
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Design Case B 
Prepared by GeoSyntec Consultants 
HydroCADB 5.97 s/n 000929 0 1986-2001 Applled Microcomputer Systems 

Type II 24-hr Rainjaj=4.70" 
Page 11 

8/23/200 1 

Reach 5: culvert5 

Inflow = 11.81 cfs 62 12.1 8 hrs, Volume= 0.905 af 
Outflow = 11.78 cfs 62 12.18 hrs, Volume= 0.905 af, Atten= 0%, Lag= 0.5 min 

Routing by Stor-lnd+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= 0.01 00 'f 

- 
I 

Reach 5: culvert5 

000176 
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WEIGHTED CURVE NUMBER CALCULATIONS 
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RESULTS FOR THE CALCULATION OF \.VEIGHTED CN 
OSDF Design Scenario 

D 
N/A -Not Applicable 

C attachments finaVC2 OSDF 



14 
-I- 

Subcatchment 
Label 

A 

B 

C 

D 

E 

.> : 
. I  '-: -3 / 

RESULTS FOR THE CALCULATION OF WEIGHTED CN 
Design Case "A" 

Area Percent HSG Land Use C N  Weighted 
Category CN 

of Total Area 
(acres) 90 

19 79 

69 74 
79 

100% C Runon Area East of OSDF 

50% B Runon Area East of OSDF 

0.63 

4.00 
Runon Area East of OSDF 50% C 

8.86 60% B 
40% C 

100% 01c Unvege~ated Final Cover System 

70% B Runon Area East of OSDF 
Runon Area East of OSDF 30% C 

Runon Area East of OSDF 69 73 
Runon Area East of OSDF 79 

89 89 

69 72 
19 

0.71 

9.12 

000179 
c attachments finaVC2 DC A 
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Subcatchmenr 
Label 

A 

B 

C 

D 

E 

j . ,  .. 

RESULTS FOR THE CALCULATION OF WEIGHTED CN 
Design Case "B" 

CN Weighted HSG Land Use 
of Total Area Category 

Area Percent 

CN 
(acres) % 

I I 09 80% 

- 
69 71 
79 

69 72 
19 

19 79 

69 78 
79 

69 74 
79 

B Runon Area East of OSDF 
20% C Runon Area Easr of OSDF. 

1061 10% B Runon Area East of OSDF 
30% C Runon Area East of OSDF 

Runon Area East of OSDF 081 100% 

10% B Runon Area East of OSDF 190 

Runon Area East of OSDF 90% 

5 61 50% B Runon Area East of OSDF 
50% C Runon Area Easr of OSDF 

C 

C 

000180 

C attachments finaVC2 DC B 



GEOSYNTEC CONSULTANTS Page of . 

Date: 8/23/2001 Reviewed by: Date: Written by: Dana Mehlnlan (DBM) 

Client: Fluor Fernald, Inc. Project: OSDF PHASE IV Projecflroposal No.:GQ1342 Task No.:16 
D 

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. 

B 

Construction 

CALCULATIONS 

Weighted CN = (S9)(0.78)+(82)(0.22) 

= E ’  

812310 1 

O O O l S l l  



Client: W r  Frrn.Inr.roject:C)SI)FPhnzP IV Project No.:-347 Task No. : l l  

ATTACHMENT C-3 

ANALYSIS RESULTS FOR CHANNELS 

FO 130083 



SUMMARY 

Channel Identificniion 
Chrnncl hip 
Name"' Statut Scrnarin 

OSDI' G6 new 

I llCW OSDP 
1 *W OSDF 

new OSUI: R 
OSDI' 9 nCW 

IO W W  OSDF 

CHANNEL ANALYSIS 

Hydraulic Calculations Channel Characmrisiics Hydinlngic Cnlculnlinns 
Sccuon Available LOngilUdlnal Manning Bouom Sidr Sidc HydroCAV HydrnCAD A m  or Puimeicr Hydraulic I%& Flow L$iimaiul Channcl p r i ~  j.luu Lining 

Shape Flow Slope" n Width Slope Slopc Ncdc '" Q '" Plow P Radius. R l k p h  '" Q'" Freehoard ''I Velocity Typu'" 

VCC 3 1.39% 0.030 0 3 3 6 34.26 7.21 9.80 0.74 I .5s 34.13 1.45 4.7 grass 
1.11 11.97 0.89 3.S grass 

2.3 grars VCC 3 1.60% 0.030 0 3 3 R 1.53 0.66 2.97 n.22 0.47 1.53 2.53 
4 3.8 pravs vee 1.47% 0.030 0 3 3 9 12.11 3.18 6.51 0.49 I .03 I I .R9 2.97 

VCe 3 1.47% 0.030 0 3 3 in 12.84 3.43 6.77 0.51 I .07 13.16 1.93 3.8 p r w  

(fl) (rps) Depth (r0 (74 1) (h) M , : l  M,:l ( C w  A (sq ro cn) ( n )  Y (a) (crs) 

VeC 2 i.m% 0.030 o 3 3 N/A 12.1 I '"' 3.70 7.02 0.53 
Me 2 1.60% 0.030 0 3 3 NlA 1.53 IP1 0.66 2.97 0.22 0.47 1.53 1.53 2.4 prwr 

SULTS 

IA 
I D  
IC 
ID 
2A 
2D 
2c 
3 
4 

existing DCA V l X  I .6 0.77% 0.030 0 6 4 1 

exisline. DCA VC.2 2.3 0.67% 0.030 0 5 3 1 

exisiing DC A VCe 2 0.45% 0.030 0 4 2 I 
existing D C A  w 2.8 0.81% 0.030 0 4 2 1 

existine. DCA Yec 3 1.00% 0.030 0 4 5 1 

existine. DCA VeC 4 0.6m 0.030 o 6 3 2 

cxlrlln? D C A  V C t  4 1.50% 0.030 0 4 5 2 
M W  D C A  V l X  3 2.1 1% 0.030 0 3 3 3 
K W  IX A VCC 2,s 0.52% 0.030 0 3 3 4 

IJI 
1.49 
1.60 
1.35 
3.10 
2.67 

4.1 I 
m.ns 

2.27 

1. Channels M Mmul @.flex the compondine subcatchmcni or reach. 
2. Longitudinal s l o p  i&n fmm ihc Dnwinps. 
3. N/A Indlcntu ihnl acre is no1 spcific HydmCAD node nssOciaied wlih h e  paiticular channel. 
4. Peal: flow raw calculrled hy HydroCAD for each reach. See aiuchnm C-I. 
5. Calcul~lcd flow ram using an iienlivc procedure and compared wilh flow from HydrKAD. 
6. Mnaimum pcnnisiblc velocity Tor pms lined channels is 5 Ips. 
7. Calculalcd as h e  dillerencc kiwecn minimum avflilnhle llow drplh and peak llow depth. 
R. HydmCAD Q arrumed io q u a l  the inflow IO reach 9. 
9. HydroCAl) Q n.runwd to qual the inlhw IO reach 8 

5.61 0.27 0.55 2.75 1.115 1.8 grass 
5.04 0.30 0.61 2.68 I .69 1.8 grau 
4.64 0.34 0.73 2.62 1.27 . 1.6 grass 
4.26 0.32 0.67 2.79 2.13 2.1 grass 
7.67 0.40 0.83 6.89 3.17 2.2 grnsa 
7.10 0.38 0.77 6.90 2.23 2.6 , grass 

7.40 0.55 1.17 20.00 I.R3 4.9 prnss 
I 157 037 I 3 3  32.74 0.67 3.3  p s  

6.55 0.35 0.71 6.80 3.29 3.0 grilss 

0 
0 
0 
CI 
8 
Q 

2.70 

2.70 
2.70 
2.70 
6.67 
6.67 
6.67 
IY.91 
32.57 

. .  
, .  . .,' 



\- ... .... .. . . 

= 7.3075 

000184 - 
I 
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ATTACHMENT C-4A 

Culvertmaster@ OUTPUT REPORTS FOR CULVERTS 

FO 130083 

.I .' . . 

000186 
I.- r 

8/24/200 1 - 



Culvert Design er/Ana I yzer Report 
culvert 1 -0SDF 

Peak Discharge Method User-Specified 

Design Discharge 34 14 cfs Check Discharge 0 00 cfs 

~ 

Grades Model: Inverts 

Invert Upstream 
Length 
DrOD 

594.00 ft Invert Downstream 592.66 ft 
Slope 0.014 Wft 96.10 ft 

1.34 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 597.85 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 594.22 A 

Name Description Discharge HW Elev. Velocity 
~ ~~ 

x Trial-1 1-36 inch Circular 34.14 cfs 597.36 A 

000187 

Title: Fernald Project Engineer: Dana Mehlman 
h:\fernald\phase iv finanphase iv final.cvm GeoSyniec Consultants CuivefiMaster v2.0 [2.005] 
OW23I01 07:56:15 PM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 ~ ~~ Page 1 of 2 



Culvert Designer/Analyzer Report 
culvert 1-OSDF 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 597.85 ft Storm Event Design 
Computed Headwater €lev: 597.36 ft Discharge 34.14 cfs 

Inlet Control HW Elev. 597.17 ft Control Type Outlet Control 
Headwater DepthlHeight 1.12 Tailwater Elevation 594.22 ft 

Outlet Control HW Elev. 597.36 ft 

Grades 

Upstream Invert 594.00 R Downstream Invert 592.66 ft 
Length 96.10 ft Constructed Slope ' 0.014 Wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.90 ft 

Flow Regime Subcritical Critical Depth 1.90 ft 
Slope Type Mild Normal Depth 2.03 ft 

Velocity Downstream 7.24 Ws Critical Slope 0.017 Wft 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 3.00 ft 
Section Size 36 inch Rise 3.00 f t  
Number Sections 1 

B 

Outlet Control Properties 

Outlet Control HW Elev. 597.36 f t  Upstream Velocity Head 0.70 ft 
Ke 0.90 Entrance Loss 0.63 ft 

Inlet Control Properties 

Inlet 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 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

000188 
Title: Fernald Project Engineer: Dana Mehlman 
h:\fernald\phase iv finallphase iv finalmm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
08/23/01 07:56:15 PM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2 of 2 
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B 
C u Ive rt Design e r/A na I yzer Report 

culvert 2-OSDF 

Peak Discharge Method: User-Specified 

Design Discharge 49.39 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 583.14 fl Invert Downstream 581.89 11 
Length 90.00 fl Slope 0.014 fVfl 
Droo 1.25 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 587.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 585.82 fl 

Name Description Discharge HW Elev. Velocity 

x Trial-1 2 4 2  inch Circular 49.39 cfs 586.23 ft 

000189 
Project Engineer: Dana Mehlman Title: Fernald 

h:\fernald\phase iv finahphase iv final.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.0051 
Page 1 of 2 08/23/01 0 7 5 6 5 9  PM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 06700 USA +I -203-755-1 666 
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Cu Ive rt Design er/An al y zer Report 
culvert 2-OSDF 

Design:Trial-1 

'Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 587.00 ft Storm Event Design 

Headwater DepthIHeight 0.88 Tailwater Elevation 585.82 ft 
Inlet Control HW Elev. 585.82 ft Control Type Outlet Control 
Outlet Control HW Elev. 586.23 ft 

Computed Headwater Elev: 586.23 ft Discharge 49.39 cfs 

- ~ ~~~~ ~ ~~ ~ ~~~~~~ ~~~ 

Grades 

Upstream Invert 583.14 ft Downstream Invert 581.89 ft 
Length 90.00 ft Constructed Slope 0.014 Wft 

Hydraulic Profile 

Profile CompositePressureProfileSl Depth, Downstream 3.93 ft 
Slope Type N/A Normal Depth 1.51 ft 
Flow Regime Subcritical Critical Depth 1.53 f t  
Velocity Downstream 2.57 ftls Critical Slope 0.013 ftlft 

m Section - 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 3.50 f t  
Section Size 42 inch Rise 3.50 ft 
Number Sections 2 

Outlet Control Properties 
~ 

Outlet Control HW Elev. 
~~~ ~ 

586.23 ft Upstream Velocity Head 
Ke 0.90 Entrance Loss 

~ 

0.14 ft 
0.12 f t  

Inlet Control Properties 

Inlet Control HW Elev. 585.82 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 19.2 ft2 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

000190 
Title: Fernald Project Engineer: Dana Mehlman 
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C u I ve r t Des i g ne r/A n a I yzer Report 
culvert 3-OSDF 

~ 

Peak Discharge Method: User-Specified 

Design Discharge 1.55 cfs Check Discharge 0.00 cfs 

~ 

Grades Model: Inverts 

Invert Upstream 586.50 ft Invert Downstream 585.32 ft 
Slope 0.016 Wft Length 73.75 ft 

Drop 1.18 ft 

~ ~~ 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 588.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 585.79 ft 

Name Description Discharqe HW Elev. Velocitv 

x Trial-1 1-12 inch Circular 1.55 cfs 587.40 ft 

b 000191 

Project Engineer: Dana Mehlrnan Title: Femald 
h:Uernald\phase iv tinanphase iv final.cvrn GeoSyntec Consultants CulvertMaster v2.0 (2.0051 
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C u I v e rt Des i g n er/A n a I yze r Report 
culvert 3-OSDF 

0esign:Trial-1 

Solve For: Section Size 

Culvert Summary 

Allowable HW Elevation 588.00 ft Storm Event 

Computed Headwater Elevi 587.40 ft Discharge 1.55 cfs 
Headwater DepWHeight 0.90 Tailwater Elevation 585.79 ft 

Inlet Control HW Elev. 587.33 ft Control Type Outlet Control 
Outlet Control HW Elev. 587.40 ft 

Design 

Grades 

Upstream Invert 586.50 ft Downstream Invert 585.32 n 
Length 73.75 ft Constructed Slope 0.016 Wft 

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 Ws Critical Slope 0.021 wit 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 1.00 ft 
Section Size 12 inch Rise 1.00 it 
Number Sections 1 

D 

Outlet Control Properties 

Outlet Control HW Elev. 587.40 ft Upstream Velocity Head 0.17 ft 
Ke 0.90 Entrance Loss 0.15 f t  

Inlet Control Properties 

Inlet Control HW Elev. 587.33 ft Flow Control N/A 
Inlet Type Projecting Area Full 0.8 ftz 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

000192 
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C u I ve rt Des i g n er/A n a I yzer 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 Slope 0.014 ft/fl 
Drop 1.33 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 593.50 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 589.45 ft 

Name Description Discharge HW Elev. Velocity 

x Trial-I 1-36 inch Circular 33.64 cfs 592.55 ft 

080193 

Title: Fernald Project Engineer: Dana Mehlman 
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Culvert Designer/Analyzer Report 
culvert 4-OSDF 

Design:Trial- 1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 593.50 ft Storm Event Design 
Computed Headwater Elevi 592.55 ft Discharge 33.64 cfs 

Inlet Control HW Elev. 592.35 ft Control Type Outlet Control 
Outlet Control HW Elev. 592.55 R 

Headwater DepthlHeight 1.11 Tailwater Elevation 589.45 n 

Grades 

Upstream Invert 
Length 

589.22 n Downstream Invert 587.89 n 
95.50 ft Constructed Slope 0.014 Wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.88 ft 
Slope Type Mild Normal Depth 2.01 ft 
Flow Regime Subcritical Critical Depth 1.88 ft 
Velocity Downstream 7.20 Ws Critical Slope 0.017 wft 

Section 

Section Shape ' Circular Mannings Coefficient 0.024 
Section Material 
Section Size 
Number Sections 

CMP Span 
36 inch Rise 

1 

3.00 ft 
3.00 ft 

Outlet Control Properties 

Outlet Control HW Elev. 592.55 f t  Upstream Velocity Head 0.69 n 
Ke 0.90 Entrance Loss 0.62 ft 

Inlet Control Properties 

Inlet Control HW Elev. 592.35 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 7.1 ft2 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 
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Culvert Designer/Analyzer Report 

culvert 5 - OSDF 

Peak Discharge Method: User-Specified 

Design Discharge 33.64 cfs Check Discharge . 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 584.39 ft . Invert Downstream 583.63 ft 
Length 55.00 ft Slope o.oi3900 wft 
Drop 0.76 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 590.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 585.82 fi 

Name Description Discharge HW Elev. Velocity 

x Trial-1 1-42 inch Circular 33.64 cfs 587.54 ft 

000195 
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e 
Cu I vert Desi g ner/A na I yzer Report 

culvert 5 - OSDF 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Design Allowable HW Elevation 590.00 ft Storm Event 
Computed Headwater Elevt 587.54 ft Discharge 
Headwater Depth/Height 

Inlet Control HW Elev. 587.18 ft Control Type 

33.64 cfs 

0.90 Tailwater Elevation ' 585.82 f t  
Outlet Control 

Outlet Control HW Elev. 587.54 ft 

Grades 

Upstream Invert 584.39 f t  Downstream Invert 583.63 ft 

Length 55.00 ft Constructed Slope 0.013900 Wft 

Hydraulic Profile 

2.19 f t  

1.80 ft 

Profile . M1 Depth, Downstream 

Slope Type Mild Normal Depth 
Flow Regime Subcritical Critical Depth 
Velocity Downstream 

1.80 ft 

5.30 Ws Critical Slope 0.013947 Wfi 

Section 

Section Shape Circular Mannings Coefficient 0 024 
Section Material CMP Span 3 5 0  f t  

42 inch Rise 3 5 0  ft Section Size 

Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. 587.54 ft Upstream Veloclty Head 071  ft 
Ke 0 90 Entrance Loss 064  ft 

Inlet Control Properties 

587.18 ft Flow Control Unsubmerged Inlet Control HW Elev. 

Inlet Type Projecting Area Full 9.6 f t z  .. 
HDS 5 Chart 2 
HDS 5 Scale 3 
Equation Form 1 

K 0.03400 
M 1.50000 
C 0.05530 

0.54000 Y 

000196 
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D 
Culvert DesignedAnalyzer Report 

culvert 1 - DC A 

~ 

Peak Discharge Method: User-Specified 

Design Discharge. 19.50 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 
Length 
DrOD 

600.00 ft ' Invert Downstream 598.50 ft 
70.00 ft Slope 0.021429 Wft 

1.50 f t  

~ 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 605.00 ft 

~~ ~ ~ ~~ 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 599.50 ft 

Name Description Discharge HW Elev. Velocity 

x Trial-1 1-36 inch Circular 19.50 cfs 602.46 ft 
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4 
Culvert Designer/Analyzer Report 

culvert 1 - DC A 

Design:Trial-1 

Splve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 605.00 n Storm Event Design 
Computed Headwater Elevt 602.46 ft 
Headwater DepthlHeight 0.82 Tailwater Elevation 599.50 ft 
Inlet Control HW Elev. 602.14 n Control Type Entrance Control 

Discharge 19.50 cfs 

Outlet Control HW Elev. 602.46 n 

Grades 

Upstream Invert 600.00 ft Downstream Invert 598.50 ft 
Length 70.00 ff Constructed Slope 0.021429 Wft 

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 Ws Critical Slope 0.014191 #ft 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 3.00 ft 
Section Size 36 inch Rise 3.00 n 
Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. 602.46 n Upstream Velocity Head 0.55 ft 
Ke 0.90 Entrance Loss 0.49 ft 

Inlet Control Properties 

Inlet Control HW Elev. 602.14 n Flow Control Unsubmerged 
Inlet Type Projecting Area Full 7.1 ft2 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 
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Culvert Designer/Analyzer Report 
culvert 1 - DC B 

- ' \  20, 
J 

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 f t  
Length 50.00 ft Slope 0.010000 fvft 
Drop. 0.50 ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 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 

000139 
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Culvert Designer/Analyzer Report 
culvert 1 - DC B 

Design:Trial-I 

Solve For: Headwater Elevation 

~ ~ ~~-~ 

Culvert Summary 

Allowable HW Elevation 602.00 ft Storm Event Design 
Computed Headwater Elev: 600.58 ft Discharge 15.01 cfs 

Inlet Control HW Elev. 600.45 ft Control Type Outlet Control 
Outlet Control HW Elev. 600.58 ft 

Headwater Depth/Height 1.29 Tailwater Elevation 598.50 n 

Grades 

Upstream Invert 598.00 ft Downstream Invert 597.50 ft 
Length 50.00 ft Constructed Slope 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 ftls Critical Slope 0.021545 fvft 

Section 

Section Shape Circular Mannings Coeff icient 0.024 . 

Section Material CMP Span 2.00 ft 

D 
Section Size 24 inch Rise 
Number Sections 1 

2.00 ft 

Outlet Control Properties 

Outlet Control HW Elev. 600.58 ft Upstream Velocity Head 0.37 A 
Ke ' 0.90 Entrance Loss 0.34 ft 

~ ~ 

Inlet Control Properties 

Inlet Control HW Elev. 600.45 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 3.1 f t2 

K 
M 
C 
Y 

0.03400 HDS 5 Chart 
1.50000 HDS 5 Scale 
0.05530 Equation Form 
0.54000 

2 
3 
1 

\ 

000200 
Title: south east culverts Project Engineer: Dana Mehlman 
h:\fernald\phase iv finandc b culverts.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.005] 
08/24/01 07:0539 AM 8 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +i-203-755-1666 Page 2 of 2 



Culvert Designer/Analyzer Report 
culvert 2 - DC B 

Peak Discharge Method: User-Specified 

Design Discharge 17.54 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert 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 m m o  n 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 596.50 n 

Name Description Discharge HW Elev. Velocity 

x Trial-1 1-24 inch Circular 17.54 cfs 599.1 7 ft , 

000201 
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1 4  

Design:Trial-1 

Solve For: Section Size 

Culvert Designer/Analyzer Report 
culvert 2 - DC B 

~ ~ ~~ ~ ~~~ 

Culvert Summary 

Allowable HW Elevation 600.00 ft Storm Event Design 
Computed Headwater Elevi 599.17 ft 

Headwater Depthmeight 1.58 Tailwater Elevation 596.50 ft 
Inlet Control HW Elev. 598.81 ft Control Type Outlet Control 

Discharge 17.54 cfs 

Outlet Control HW Elev. 599.17 ft 
~~ 

Grades 

Upstream Invert 596.00 ft Downstream Invert 595.50 ft 
Length 50.00 ft Constructed Slope 0.01oooo wft 

Hydraulic Profile 

Profile CompositeM2PressureProfile Depth, Downstream 1.51 f t  
Slope Type Mild Normal Depth N/A ft 
Flow Regime Subcritical Critical Depth 1.51 ft 
Velocity Downstream 6.90 Ws Critical Slope 0.024287 fvft 

Section a - 
Section Shape Circular Mannings Coefficient 0.024 
Section Material 
Section Size 
Number Sections 

CMP Span 
24 inch Rise 

1 

2.00 ft 
2.00 ft 

Outlet Control Properties 

Outlet Control HW Elev. 599.17 ft Upstream Velocity Head 0.48 ft 
Ke 0.90 Entrance Loss 0.44 ft 

Inlet Control Properties 

Inlet Control HW Elev. 598.81 ft Flow Control Transition 
Inlet Type Projecting Area Full 3.1 ft2 \ 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 
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Culvert Designer/Analyzer Report 
culvert 3 - 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 Invert Downstream 590.00 ft 
Length 
Drop 

50.00 ft Slope 
0.50 ft 

0.010000 ft/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 1-1 2 inch Circular 1.89 cfs 591.62 ft 

000203 
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C u I ve r t  Design e r/A n a I yze r Report 
culvert 3 - DC B 

Design:Trial-1 

Solve For: Section Size 

Culvert Summary 

Allowable HW Elevation 593.50 ft Storm Event Design 
Computed Headwater Elevz 591.62 ft Discharge 1.89 cfs 
Headwater Depth/Height 1.12 Tailwater Elevation 591.00 ft 
Inlet Control HW Elev. 591.45 ft Control Type Outlet Control 
Outlet Control HW Elev. 591.62 ft 

Grades 

Upstream Invert 590.50 ft Downstream Invert 590.00 ft 
Length 50.00 ft Constructed Slope 0.010000 wft 

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 Ws Critical Slope 0.022876 fvft 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 1.00 ti 
Section Size 12 inch Rise 1.00 ft 
Number Sections 1 

D 

Outlet Control Properties 

Outlet 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. 591.45 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 0.8 ti2 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y o 54000 

000204 
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Culvert Designer/Analyzer Repod 
culvert 4 - DC 6 

” 

Peak Discharge Method: User-Specified 
~ 

Design Discharge 4.32 cfs Check Discharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 592.50 n Invert Downstream ~,92.oo n 
Length 50.00 n Slope 0.010000 fUft 
Drop 0.50 ft 

\ 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 596.00 ft 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 593.00 ft 

Name Description Discharge HW Elev. Velocity 

x Trial-3 1-1 8 inch Circular 4.32 cfs 593.85 ft 

000205 
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L B 
Culvert DesignedAnalyzer Report 

culvert 4 - DC B 

Design:Trial-3 

Solve For: Headwater Elevation 

Culvert Summary 

Design Allowable HW Elevation 596.00 ft Storm Event 
Computed Headwater Elev; 593.85 ft Discharge 4.32 cfs 

Inlet Control HW Elev. 593.75 ft Control Type Outlet Control 
Outlet Control HW Elev. 593.85 ft 

Headwater DepthlHeight 0.90 Tailwater Elevation 593.00 ft 

Grades 

Upstream Invert 592.50 ft Downstream Invert 592.00 ft 
Length 50.00 ft Constructed Slope 0.010000 wft 

Hydraulic Profile 

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 ft/s Critical Slope 0.018816 Wft 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 1.50 ft 

Number Sections 
Section Size 18 inch Rise 1.50 ft '\ 1 - 

1 

~ ~~ ~ ~~~ ~ 

Outlet Control Properties 

Outlet Control HW Elev. 593.85 ft Upstream Velocity Head 0.19 ft 
Ke 0.90 Entrance Loss 0.17 f t  

~~ 

Inlet Control Properties 

Inlet Control HW Elev. 593.75 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 1.8 f12 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

000206 + 
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C u I ve rt Design e r/A n a I yzer Re port 
culvert 5 - DC B 

Peak Discharge Method: User-Specified 

Design Discharge 1 1.81 cfs Check Dtscharge 0.00 cfs 

Grades Model: Inverts 

Invert Upstream 599.00 tt Invert Downstream 598.50 A 
Length 
OroD 

50.00 n Slope 
0.50 A 

0.010000 ft/ft 

Headwater Model: Maximum Allowable HW 

Headwater Elevation 603.00 A 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 599.50 ft 

~ ~~~ 

Name Description Discharge HW Elev. Velocity \ 

x Trial-1 1-24 inch Circular 11.81 cfs 601.15fi 

000207 
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Culvert Designer/Analyzer Report 
culvert 5 - DC 6 

Design:Trial- 1 

solve For: Headwater Elevation 

r 

Culvert Summary 

Allowable HW Elevation 603.00 ft Storm Event Design 
Computed Headwater Elevi 601.1 5 ft Discharge 11.81 CIS 
Headwater DepthlHeight 1.07 Tailwater Elevation 599.50 ft 
Inlet Control HW Elev. 601.04 ft Control Type Outlet Control 
Outlet Control HW Elev. 601.15 ft 

Grades 

Upstream Invert 
Length 

599.00 ft Downstream Invert 598.50 n 
50.00 ft Constructed Slope O.O~OOOQ wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.23 ft 
Slope Type Mild Normal Depth 1.58 ft 
Flow Regime Subcritical Critical Depth 1.23 ft 
Velocity Downstream 5.80 ft/s Critical Slope 0.018886 Wft 

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 0.32 f t  
Ke 0.90 Entrance Loss 0.29 ft 

Inlet Control Properties 

Inlet Control HW Elev. 601.04 ft FIOW 'Control Unsubmerged 
Inlet Type Projecting Area Full 3.1 ft' 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

ooozois 
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ATTACHMENT C-4B 

ANALYSIS RESULTS FOR CULVERTS 
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SUMMARY OF CULVERT ANALYSES RESULTS 

2 yo 6.4 4 

2 yo 6.9 4 

2 yo 3 
2 yer 5.8 4 
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DESIGN OF OUTLET PROTECTION FROM A ROUND P I P E  FLOWING F U L L  
MIN IMUM TAILWATER C O t i D I T I O N  ( T w  0.5 DIAMETER)  
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e mded 
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ATTACHMENT C-5 

ANALYSIS RESULTS FOR BASIN OUTLET STRUCTURES 
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OSDF BASIN 1 ROUTING RESULTS 

DESIGN 
PARAMETER Value 

ITEM 
~ ~~~ 

OSDF BASIN 1 11 DESCRIPTION I PARAMETER VALUE _ _  
IN UNITS SHOWN 

I 

585.75 

5. 850.0 n.m 

EMERGENCY SPILLWAY 

r;) 
EMBANKMENT 10' wide average widt 588.0 

h 

F 
L V 

5.0 
TO primary spillway E s 

3 
0 > 

h 
n 
2 

Total Upstream v 
m 

21.15 

d Drainage area 
SUBCATCHMENT 

c 

IO-YEAR %HOUR RUNOFF 
4.834 VOLUME (acre-ft) 

25-YEAR 24-HOUR PEAK WATER 
I 585.82 ELEVATION (ft MSL) 

100-YEAR 24-HOUR PEAK I 
WATER ELEVATION (ft  MSL) 585.91 

REQUIRED STORAGE VOLUME 
BASED ON DRAINAGE AREA 

2.644 I (acre-ft) 

N!Lm 
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 spillway for the 25-year, 24-hour storm event. 
3. A freeboard greater than 1 f t  is maintained for the lOO-yr, 24-hour storm event. 
.4. Calculation for volume based on drainage area. 

(0.125 acre-Wacre-year) x (21.15 acres of upstream drainage area) x (1 yearkleanout) = 2.64 acre-Wcleanout 
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