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ADDENDUM TO SECTION 7.2 

(ADDED TO REVISION 1 PACKAGE) 

The calculation package presented in Section 7.2 was prepared to establish minimum cell 
storage requirements for containment of impacted runoff during the filling of cells. The analyses 
shown in Section 7.2 are for the case where the maximum containment volume of the impacted 
runoff catchment area (IRCA) is limited by the minimum elevation of a rain flap installed along 
the intercell berm at the south edge of the IRCA. This case applies to the northernmost and 
interior on-site disposal facility (OSDF) cells (Le., Cells 1 to 7). However, the southernmost 
OSDF cell (i.e., Cell 8) differs from the other cells in that: (i) Cell 8 has a slightly modified 
configuration as compared to Cells 1 to 7; (ii) Cell 8 is an end cell; and therefore, the maximum 
containment volume of the IRCA is limited by the minimum elevation of a rain flap installed 
along the Cell 8 perimeter; and (iii) the downstream cells are not available for management and 
containment of impacted runoff during closure of Cell 8, as was the case for prior OSDF cells, 
management and containment of impacted runoff is provided solely within Cell 8 until 
construction of the final cover system. 

This addendum to Section 7.2 was prepared to veri@ the adequacy of the IRCA for the Cell 
based on the varying size of Cell 8 and to estimate the decreasing Cell 8 impacted runoff 
catchment area (IRCA) storage requirements as Cell 8 is progressively filled and capped during 
staged closure. Similar methods and input data to that used in Section 7.2 were used herein. 
This addendum is presented as Section 7.3 of the OSDF Final Design Calculation Package, and 
is entitled “Cell 8 Impacted Runoff Catchment Area Requirements”. Section 7.3 is presented in 
Volume VI1 of the OSDF Final Design Calculation Package. 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSES 

The purpose of this calculation package is to demonstrate the adequacy of the Cell 8 
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff 
storage capacity both before and during staged closure of the final cell (i.e., Cell 8). 
Furthermore, the package provides requirements for sizing the IRCA during final closure 
construction activities through use of a design chart to interpolate for cases where the capped cell 
area is between that of the stages of closure evaluated in this package. The flow capacity of 
channels discharging to the IRCA and the expected time for drawdown of impacted runoff 
within the IRCA are calculated to demonstrate that the design meets the required design criteria. 

METHODS OF ANALYSES 

. The cases modeled in this package represent conditions expected to exist during the filling 
and staged closure of the final cell (i.e., Cell 8). Analyses are separated into three groups: 

i.) evaluation of IRCA storage capacity; 

ii.) evaluation of IRCA inlet channel capacity; and 

iii.) evaluation of impacted runoff drawdown time. 

It is important to note that non-impacted runoff is being defined as runoff from cap areas 
over which two lifts of compacted clay cap have been placed as a part of the final cover system. 
Non-impacted runoff will be diverted to the OSDF surface water management system and thus 
will not enter the IRCA. The term “capped” will be used to describe areas of the landfill that 
have received at least two lifts of compacted clay cap and where runoff has been diverted to the 
OSDF surface water management system, and “uncapped” will refer to areas of the landfill that 
discharge runoff to the IRCA. 

IRCA Storuge Capaciy 

The Cell 8 IRCA, prior to staged closure, is designed to contain the runoff from two cells 
(Le., Cells 7 and 8). As shown in the construction drawings, the IRCA is designed to have a 
NortWSouth dimension of 250 feet measured from the northern edge of the impacted material 
haul road into Cell 8 and an EasWest dimension of 212 feet measured from the western side of 
the Cell 8 perimeter berm baseline. This geometry provides a similar IRCA plan area to those of 
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Cells 1 through 7 as presented in an earlier calculation package (Section 7.2, Required Cell 
Leachate Storage). 

Three stages of IRCA filling during the staged closure are considered for evaluation. These 
stages and the runoff areas associated with these stages are shown in Figures 1 through 3. Figure 
1 shows the IRCA geometry designed to contain the runoff for Stage I, when Cell 7 has received 
final cover, and approximately 30 percent of Cell 8 has received final cover. This geomefq 
provides a smaller IRCA’ plan area than those of Cells 1 through 7 as presented in an earlier 
calculation package (Section 7.2, Required Cell Leachate Storage); however, it will be shown to 
provide adequate volume. The geometry of Stage I was chosen to provide a remaining impacted 
material placement capacity of approximately 100,000 cubic yards with an additional 
approximately 16,500 cubic yards of non-impacted material capacity to provide for swface water 
management within the cell. 

Figure 2 shows an IRCA geometry designed to contain the runoff for Stage 11, which 
provides for a remaining impacted material placement capacity of 30,000 cubic yards with up to 
an additional approximately 16,500 cubic yards of non-impacted material capacity to provide for 
surface water management within the cell. At this stage, approximately 60 percent of Cell 8 has 
received at least two lifts of compacted clay. Calculations showing the total impacted material 
remaining to be placed for Stages I and I1 are presented in Attachment A-4. 

Figure 3 represents the case when the remaining impacted material has been placed in Cell 8 
up to the estimated total impacted material capacity of Cell 8. However, at this point, the two 
lifts of compacted clay have not been placed, and therefore, runoff in this area is still impacted. 
Approximately 16,500 cubic yards of non-impacted material will be required to reach proposed 
final cover contouring layer grades. At this stage, approximately 90 percent of Cell 8 has 
received two lifts of compacted clay. 

The IRCA is considered adequate if it complies with the design criteria used to evaluate the 
IRCAs for Cells 1 through 7 in Section 7.2, which requires the IRCA to provide storage capacity 
to handle the 25-year, 24-hour storm event. with 0.5 Et of freeboard. Hydrologic and basin 
routing analyses are performed using methodologies presented in TR-20 [USDA-SCS, 19821 and 
TR-55 [USDA-SCS, 19861, as coded into the computer program HydroCADTM. 

Channel Capacity 

The required depths for channels discharging to the IRCA are evaluated for the “worst-case” 
scenario only (i.e., Channel B in Stage I on Figure 1). Channel B in Stage I represents the worst- 
case scenario in regards to the channel depth because it has the largest uncovered contributing 
area, resulting in the largest impacted runoff peak flow rate being routed through the channel. 
The channel is designed to convey peak flow rates from the 25-year, 24-hour storm event with 
minimum freeboard of 0.5 Et as established in the DCP [GeoSyntec, 2OOOJ. Hydraulic analysis 
of this channel is performed using Manning’s equation as coded into a computer spreadsheet. 
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Peak flow rate for the channel was taken from the HydroCADTM output performed for the IRCA 
capacity calculations. 

Drawdown Time 

The amount of time expected for impacted inof f  to drain from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is referred to; herein, as the 
drawdown time. The drawdown time is estimated for the three stages described earlier in this 
calculation package. The drawdown time estimated for these three stages is controlled by the 
fact that the flow rate is limited by the capacity of the enhanced permanent leachate transmission 
system (EPLTS) permanent lift station pumps. A simplified calculation was performed where 
the volume of the IRCA is discharged at the maximum allowable flow rate of the EPLTS 
permanent lift station pumps (i.e., 200 gpm). 

RESULTS 

Revised Phase V IRCAs and channels are designed for the 25-year, 24-hour storm event. The 
results are as follows: 

IRCA Storage Capacity 

0 The Cell 8 IRCA design, prior to staged closure, provides containment for runoff fiom 
two cells (i.e., Cells 7 and 8) during the 25-year, 24 hour storm event with the required 
0.5 ft of freeboard based on the Section 7.2 calculation package results. 

The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 0.5 ft of freeboard from the minimum embankment crest elevation for the three 
staged closure cases analyzed. 

0 The results of the HydroCADTM analysis of the IRCA storage capacity for the three 
staged closure stages analyzed are summarized in Table 8. The results show that the 
required IRCA storage capacity for each of the three stages analyzed for the staged 
closure are: 

Stage I = 62,247 ft’; 
Stage I1 = 35,284 ft’; and 

Stage I11 = 17,729 ft’. 

Channel Capacity 

Calculated freeboard corresponding to the peak flow rate for the inlet Channel B is 
greater than the minimum required freeboard of 0.5 ft. 
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0 Calculated peak flow velocity for the unlined channel is 3.14 ft/s for Channel B in Stage 
I. Appropriate erosion control practices should be used by the contractor to minimize 
the potential for erosion. 

Drawdown Time 

0 The estimated drawdown time for Stages I through I11 is limited by the capacity of the 
EPLTS. The EPLTS permanent lift station pumps provide a maximum allowable flow 
rate of 200 gpm, which results in the following approximate drawdown times: 

Stage I = 1.6 days; 

Stage 11 = 0.9 days; and 

Stage 111 = 0.5 days. 

CONCLUSIONS 

The purpose of this calculation package was to demonstrate the adequacy of the design in 
providing the necessary impacted runoff storage capacity both before and during the staged 
closure of the final cell (i.e., Cell 8) in the OSDF. Additionally, IRCA inlet channel capacity and 
IRCA drawdown time were calculated to show that the design meets the required design criteria. 
The following conclusions are made based on the calculations performed in this package: 

The Cell 8 IRCA design, prior to staged closure, provides adequate storage 
volume to contain the runoff for the 25-year, 24-hour storm event from two 
cells &e., Cells 7 and 8) based on the results from the Section 7.2 calculation 
package. 

The IRCAs for the three stages evaluated during staged closure provide 
adequate storage volume to contain the runoff for the 25-year, 24-hour storm 
event. 

A design chart has been prepared (Figure 4) to provide requirements for sizing 
the IRCA based on the uncapped area of the OSDF remaining where the 
capped cell area is between that of the closure stages evaluated herein. 

0 The temporary channels carrying the runoff into the IRCA provide adequate 
capacity; however, due to the flow velocities, appropriate erosion control 
practices should be implemented by the contractor. 

Calculation results show that the design meets the applicable design criteria; 
therefore, the design is considered acceptable. 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

CALCULATION PROCEDURES 

INTRODUCTION AND PURPOSE 

The purpose of this calculation package is to demonstrate the adequacy of the Cell 8 
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff 
storage capacity both before and during staged closure of the final cell (Le., Cell 8) for the on- 
site disposal facility (OSDF). Furthermore, the package provides requirements for sizing the 
IRCA during final closure construction activities through use of a design chart to interpolate for 
cases where the capped cell area is between that of the stages of closure evaluated in this 
package. Additionally, the flow capacity of channels discharging to the IRCA and the expected 
time for drawdown of impacted runoff within the IRCA are calculated to demonstrate that the 
design meets the required design criteria. 

The calculations provided in this calculation package are based on the Preliminary 
Certified-for-Construction drawings developed as part of the Revised Phase V design. Although 
these drawings have been slightly modified in the Certified-for-Construction drawing package, 
the modifications to the drawings do not significantly influence Cell 8 staged closure grading, 
and therefore, do no influence the conclusions of this calculation package. Therefore, the 
calculations provided herein have not been modified to reflect the Certified-for-Construction 
drawings. 

DESIGN SCENARIOS 

The cases modeled in this package represent conditions expected to exist both before and 
during the staged closure of the final cell (Le., Cell 8). Analyses are separated into three groups: 

i.) evaluation of IRCA storage capacity; 

ii.) evaluation of IRCA inlet channel capacity; and 

iii.) evaluation of impacted runoff drawdown time. 

It is important to note that the criteria defining non-impacted runoff has been established as 
runoff from cap areas over which two lifts of compacted clay cap have been placed as part of the 
final cover system. Non-impacted runoff will be diverted to the OSDF surface water 
management system and thus will not enter the IRCA. The term “capped” will be used to 
describe areas of the landfill that have received at least two lifts of compacted clay cap and 
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where runoff has been diverted to the OSDF surface water management system, and "uncapped" 
will refer to areas of the landfill that discharge runoff to the IRCA. 

The Cell 8 IRCA, prior to staged closure, is designed to contain the runoff from two cells 
(ie., Cells 7 and 8). As shown in the construction drawings, the IRCA is designed to have a 
NortldSouth dimension of 250 feet measured from the northern edge of the impacted material 
haul road into Cell 8 and an EasWest dimension of 212 feet measured from the western side of 
the Cell 8 perimeter berm baseline. This geometry provides a similar JRCA plan area to those of 
Cells 1 through 7 as presented in an earlier calculation package (Section 7.2, Required Cell 
Leachate Storage). 

Three stages of IRCA filling during staged closure are considered for evaluation. These 
stages and the runoff areas associated with these stages are shown in Figures 1 through 3. Figure 
1 shows the IRCA geometry designed to contain the runoff for Stage I, when Cell 7 has received 
final cover, and approximately 30 percent of Cell 8 has received final cover. This geometry 
provides a smaller IRCA plan area than those of Cells 1 through 7 as presented in an earlier 
calculation package (Section 7.2, Required Cell Leachate Storage); however, it will be shown to 
provide adequate volume. The geometry of Stage I was chosen to provide a remaining impacted 
material placement capacity of approximately 100,000 cubic yards with up to an additional 
approximately 16,5000 cubic yards of non-impacted soil capacity to provide for surface water 
management within the cell. 

Figure 2 shows an IRCA geometry designed to contain the runoff for Stage 11, which 
provides for a remaining impacted material placement capacity of 30,000 cubic yards with up to 
an additional approximately 16,500 cubic yards of non-impacted soil capacity to provide for 
surface water management within the cell. At this stage, approximately 60 percent of Cell 8 has 
received at least two lifts of compacted clay. Volume calculations estimating the capacity 
remaining for Stages I and I1 are presented in Attachment A-4. 

Figure 3 represents the case when the remaining impacted material has been placed in Cell 8 
up to the estimated total impacted material capacity of Cell 8. However, at this point, the two 
lifts of compacted clay have not been placed, and therefore, runoff in this area is still impacted. 
Approximately 16,500 cubic yards of non-impacted material will be required to reach proposed 
final cover contouring layer grades. At this stage, approximately 90 percent of Cell 8 has 
received two lifts of compacted clay. 

IRCA Storage Capacity 

The required IRCA storage capacity (estimated volume of impacted runoff), before staged 
closure, will be shown to be adequate for containing the volume of impacted runoff from two 
cells by comparing the design to the IRCA design for Cells 1 to 7. The required IRCA storage 
capacity will be calculated for the three stages discussed above. A comparison will be made to 
the actual IRCA storage capacity to show that adequate storage is provided for the IRCA 
geometries shown in Figures 1 through 3. e 
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Channel Capacity - 

Channel capacity calculations will be performed for the most critical channel only (i.e., 
Channel B in Stage I) identified in Figure 1. The calculations will be performed for the 
geometry in Stage I, as this represents the stage with the largest uncapped area and consequently 
the greatest volume of runoff. 

Drawdown Time 

The amount of time expected for impacted runoff to drain from the IRCA after the 
completion of the 25-yearY 24-hour storm event into the Cell 8 LCS is referred to herein as the 
drawdown time. An estimate of the drawdown time is made for the three stages represented in 
this calculation package. The estimate for the three stages is controlled by the fact that the flow 
rate will be limited by the allowable capacity of the enhanced permanent leachate transmission 
system (EPLTS) permanent lift station pumps. A simplified calculation was performed where 
the volume of the IRCA is discharged at the maximum allowable flowrate of the EPLTS 
permanent lift station pumps (i.e., 200 gpm). 

METHODS OF ANALYSIS 

IRCA Storage Capaciv 

Required IRCA storage capacity calculations are performed using methodologies presented 
in TR-20 [USDA-SCS, 19821 and TR-55 [USDA-SCS, 19861, as coded into the computer 
program HydroCADm [HydroCADm, 19931. HydroCADTM breaks the units influencing the 
runoff into three types: (i) Subcatchments; (ii) Reaches; and (iii) Ponds. Different input 
parameters are required for each. 

Certain input parameters are required for the overall analysis; these parameters include: (i) 
design storm event; and (ii) rainfall distribution. 

The main input parameters needed for the Subcatchment subroutines include: ’ (i) 
subcatchment runoff curve numbers; (ii) subcatchment areas; (iii) flow length and geometry; (iv) 
2-year, 24-hour storm event; and (v) Manning’s coefficient. 

The main input parameters required for the Reach subroutines include: (i) channel geometry; 
and (ii) Manning’s coefficient. 

The main input parameters for the Pond subroutines include: (i) pond areas at various 
*elevations; and (ii) properties of the outflow structures. 

The values for these parameters used herein are presented in the Data Verification Section 
of this calculation package. Further discussion of the significance of these input parameters can 
be found in Section 12.4 of the Revised Final Design Calculation Package On-Site Disposal 
Facility entitled “OSDF-Phase IV-Surface Water Management Design”. 
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Once the required storage capacity has been calculated for the three stages shown in the 
closure drawing, requirements will be provided for sizing the IRCA during the final closure 
construction through use of a design chart (Figure 4) to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

Channel Capacity 

The adequacy for the hydraulic capacity of the inlet channels is evaluated in terms of an 
available freeboard for peak flow rates. The available freeboard is calculated as the difference 
between the available flow depth in the channel and the calculated 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 f /  y 
Qmax =-AR ’So2 

n 

where: Qmx = peak flow rate (cfs); 
n = Manning’s roughness coefficient (dimensionless); 
A = cross-sectional area of flow (ft2>; 
R = hydraulic radius (ft) defined as R = A/p where P is wetted perimeter (ft); 

So = longitudinal slope (risehn). 
and 0 

Both A and P are fhctions of the peak flow depth; therefore, the equation can be used to 
solve for the peak flow depth. 

The values for these parameters used herein are presented in the Data Verification Section 
of this calculation package. 

Peak flow rates for Channel B of Stage I were used as inputs and were taken from the 
HydroCADTM output performed for the IRCA storage capacity calculations. The minimum 
available flow depth is obtained directly from the construction drawings at the point that the 
channels flow into the IRCA. 

Drawdown Time 

As mentioned earlier, the drawdown time is the amount of time expected for impacted 
runoff associated with a 25-year’ 24-hour storm event to drain from the IRCA into the Cell 8 
LCS. The drawdown time may be evaluated using Darcy’s Law as shown below: 

A V  
kiA 

At =- 
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where: At = incremental drawdown time (seconds); 
A V = incremental volume change (e3); 
k = permeability of the LCS drainage layer (Wday); 
i = hydraulic gradient (Wft); and 
A = area perpendicular to flow (ft*). 

The drawdown time evaluated based on Darcy’s Law, as noted above, is applicable to 
characterize liquid flow through the granular protective 1ayerLCS layer overlying the LCS 
corridor. This ‘LCS corridor’ drawdown time must be compared with the drawdown time 
associated with the allowable capacity of the EPLTS permanent lift station pumps, downstream 
of the LCS corridor. A simplified calculation may be performed where the volume of the IRCA 
is discharged at the maximum flowrate of the EPLTS permanent lift station pumps (ie., 200 
gpm). The equation below shows the formula used to calculate the ‘EPLTS limited’ drawdown 
time: 

where: t = drawdown time (days); 
V = required IRCA storage capacity for a given stage (e3); and 
Q = flow rate (gpm). 

DESIGN CRITERIA 

The calculations included in this package have been performed for the 25-year, 24-hour 
storm event as required by the Design Criteria Package (DCP) [GeoSyntec, 20001. For the 
Femald Environmental Management Project (FEMP) property, this event has a rainfall intensity 
of 4.7 in. [Parsons, 19951. 

IRCA Storage Capacity 

The Cell 8 IRCA, prior to staged closure, must be designed to contain impacted runoff from 
two cells during the 25-year, 24-hour storm event and shall provide at least 0.5 ft of freeboard 
from the minimum embankment crest elevation. The storage capacity of the IRCA will be 
calculated for each of the closure stages discussed and shall provide at least 0.5 Et of freeboard 
from the minimum embankment crest elevation. 
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Channel Capaciy 

The calculated fieebokd of the channels must equal or exceed the minimum -required 
fieeboard of 0.5 fl as stated in the DCP [GeoSyntec, 20001. The velocity of the flow within each 
channel will be calculated based on the assumption that the channels will be unlined. This 
velocity will be checked against a maximum suggested flow rate of 2.0 Wsec for unlined 
channels as established in Section 7.2. If the computed flow velocity is larger than this criterion, 
appropriate erosion control practices will be required in the field. 

Drawdown Time 

The drawdown time will be calculated and the results will be reported. 

008016 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

DATA VERIFICATION 

INTRODUCTION 

This section presents the selection of parameters used to perform analyses in the Calculation 
Results section of this calculation package. Many of these parameters have been established in 
earlier calculation packages; however, some are unique to this package and will be discussed in 
detail herein. The input parameters will be discussed in terms of the three main types of 
calculations being performed as part of this package. 

INPUT PARAMETERS 

IRCA Storage Capacig 

As discussed in the Calculation Procedures section, the computer program HydroCADTM 
was used to compute the required IRCA storage capacity. HydroCADTM breaks the units 
influencing the runoff into three types: (i) Subcatchments; (ii) Reaches; and (iii) Ponds. 
Different input parameters are required for each. 

Some of the input parameters are required for the overall analysis; these parameters include: 
(i) design storm event; and (ii) rainfall distribution. The design storm event in this analysis is the 
25-year7 24-hour storm event, which has a rainfall intensity of 4.7 in. [Parsons, 19951. The 
rainfall distribution for the Fernald Environmental Management Project (FEMP) property is 
Type 11, and was established based on a chart that shows the rainfall distribution for different 
regions of the United States. The calculation package in Section 7.2 shows this chart. 

The main input parameters needed for the Subcatchment subroutines include: (i) 
subcatchment runoff curve numbers; (ii) subcatchment areas; (iii) flow lengths and slopes; (iv) 
magnitude of precipitation from the 2-year7 24-hour storm event; and (v) Manning’s coefficient. 
The runoff curve number for the entire OSDF was set as CN = 91 as established in Section 7.2 
for a newly graded area of the soil type found at the OSDF. The subcatchment areas, flow 
lengths, and slopes of the flow paths were established from the construction drawings. The 2- 
year, 24-hour storm event has a rainfall magnitude of 2.55 in. [Parsons, 19951. Manning’s 
coefficient of roughness was set at 0.01 1 for the subcatchment areas as established in Section 7.2 
for a smooth rolled surface. Tables 1 through 3 show the remaining inputs used by 
HydroCADTM for the Subcatchment calculations for Stages I, 11, and 111. 

The main input parameters required for the Reach subroutines include: (i) channel geometry; and 
(ii) Manning’s coefficient. The channel geometry (Le., channel side slopes, longitudinal slope, 
channel length, and inlet and outlet elevations) was established from the construction drawings. 
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Manning’s coefficient was set as 0.018 as established in Section 7.2 for a straight unlined 
channel. However, due to the simplicity of the HydroCad models for Stages 1 through 111, 
Reaches were not used. Nevertheless, the capacity of Channel B in Stage I, was verified in an 
Excel Spreadsheet using the flow rate input from HydroCad. Table 4 shows the geometric inputs 
used in HydroCADm for Channel B in Stage I. 

The main input parameters for the Pond subroutines include: (i) pond. areas for given 
elevations; and (ii) properties of the outflow structures. The pond areas were measured for 
various elevations using AutoCAD. Table 5 shows the areas measured, the cumulative storage 
volume, and the corresponding elevations for the IRCA in each of the three stages of the staged 
closure. No outflow structures were modeled in this analysis, which provides a conservative 
estimate of the storage capacity, since no outflow was allowed. 

Additional discussion of the selection of the parameters can be found in the notes below 
Tables 1 through 5. The results of the analyses are presented in the Calculation Results section of 
this package. 

> Channel Capacity 

As discussed in the Calculation Procedures section of this package, the peak depth of flow 
in Channel B during Stage I was verified. The minimum available flow depth was obtained 
directly from the construction drawings and is approximately 3 feet. 

The parameters needed to compute the channel capacity using Manning’s equation are as 
follows: (i) the peak flow rate, Qmx (cfs); (ii) Manning’s coefficient, n (dimensionless); (iii) the 
cross-sectional area of flow, A (fi2); (iv) the hydraulic radius, R (ft); and (v) the longitudinal 
slope of the channel, So (risehn). 

The peak flow rate for Channel B was obtained from the HydroCADTM output performed for 
the IRCA storage capacity calculation for Stage I. The peak flow rate used in the analyses is 
12.75 cfs. 

The value used for the Manning’s coefficient is 0.018. This is the same value that was used 
for the channels in the HydroCADTM analysis discussed above. 

The parameters A, R, and So are functions of the geometry of the channel and are established 
directly from the Construction drawings. The values of the geometrical input parameters used for 
this calculation are shown in Table 4. The results of the analyses are presented in the 
Calculation Results section of this package. 

Drawdown Time 

As discussed in the Calculation Procedures section of this package, the ‘LCS comdor’ 
controlled drawdown time may be computed using Darcy’s Law for incremental IRCA 
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elevations. The parameters needed for this analysis include: (i) incremental volume change, AV 
(ft); the permeability of the LCS drainage layer, k (Ws); the hydraulic gradient, i (Wft); and the 
area perpendicular to flow, A (fi). The input values used for the drawdown analysis are shown 
below: 

where: AV= varies (corresponds to the storage elevation in the IRCA according to 

k = 0.0033 Ws (minimum permeability of the LCS drainage and- granular 
protective layer as required by the specifications); 
i = varies (related to the storage elevation of the IRCA); and 
A = 1336 ft2 for Stage I; 1,246 f? for Stage 11; 340 ft2 for Stage III. 

H Y ~ ~ O C A D ' ~  output); 

The simplified calculation performed to provide an estimate of the drawdown times 
controlled by the allowable capacity of the EPLTS permanent lift station pumps requires the 
following input parameters: (i) volume of required IRCA storage capacity, Y (e3); and (ii) the 
flow rate of the leachate, Q (gpm). The volume of required IRCA storage capacity was 
computed as a part of the IRCA storage capacity calculations in this calculation package. The 
volume of required IRCA storage capacity for the three stages is summarized in Table 6. The 
flow rate of the leachate is that of the EPLTS permanent lift station pumps, which has been 
established as 200 gpm. 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

CALCULATIONS 

INTRODUCTION 

This section presents calculations and results based on procedures and data presented in the 
Calculation Procedures and Data Verification sections of this calculation package. The 
calculations and results will be discussed for the three types of analyses performed as part of this 
package. 

CALCULATIONS AND RESULTS 

IRCA Storage Capacity 

The IRCA is considered adequate if it complies with the design criteria used to evaluate the 
IRCAs for Cells 1 through 7 in Section 7.2, which requires the IRCA to provide storage capacity 
to handle the 25-year7 24-hour storm event with 0.5 ft of freeboard. Hydrologic and basin 
routing analyses are perfumed using methodologies presented in TR-20 [USDA-SCS, 19821 and 
TR-55 [USDA-SCS, 19861, as coded into the computer program HydroCADTM. The output fiom 
HydroCADTM for the three stages of the staged closure can be found in Attachment A-1 . 

The Cell 8 IRCA, prior to staged closure, is of similar dimensions to the Cells 1 to 7 IRCA 
presented in an ,earlier calculation package (Section 7.2, Required Cell Leachate Storage). To 
verify that the Cell 8 IRCA would provide adequate containment, the area of Cells 7 and 8 
contributing impacted runoff to the Cell 8 IRCA were compared to the area of two cells 
contributing impacted runoff to the other IRCAs as designed in the Section 7.2 calculation 
package. It is noted that the designed IRCA for Cells 1 to 7 is approximately 20 percent 
overdesigned (Section 7.2, Required Cell Leachate Storage). The area contributing runoff to the 
Cell 8 IRCA is approximately 13.6 acres. The area of two cells calculated in the Section 7.2 
calculation package was 13.2 acres. Based on the similar dimensions of the IRCAs and the 
contributing impacted runoff areas, and the fact that the Cell 1 to 7 IRCA design is 
approximately 20 percent overdesigned, we conclude that the IRCA for Cell 8 is adequately 
sized. 

This calculation provides requirements for sizing the IRCA during the final closure 
construction through use of a design chart (Figure 4) to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 
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The results of the IRCA Storage Capacity calculations are as follows: 

The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 0.5 ft of freeboard from the minimum embankment crest elevation for the three 
staged closure cases analyzed. 

The results of the HydroCADm analyses of the IRCA storage capacity for the three 
stages analyzed are summarized in Table 6. The results show that the required IRCA 
storage capacity for each of the three stages analyzed for the staged closure are as 
follows: 

0 

Stage I = 62,247 ft3; 

Stage II = 35,284 ft3; and 

Stage 111 = 17,729 ft3. 

Additionally, estimates of the volume of impacted material remaining to be placed were 
made for Stage I and Stage 11. Calculations showing the total impacted material remaining to be 
placed for Stages I and 11 are presented in Attachment A-4. The results of these estimates are 
included in Table 6. 

. 

Channel Capacity 

The channels are designed to safely convey peak flow rates from the 25-year, 24-hour storm 
event. Hydraulic analysis of Channel B in Stage I is performed using Manning’s equation as 
coded into a computer spreadsheet. Attachment A-2 shows the detailed calculations for the 
channel. The results for the channel capacity are as follows: 

0 Calculated freeboards for the channel are greater than the minimum required freeboard 
of 0.5 ft. 

0 Calculated peak flow velocity for the unlined channels is 3.14 ft/s. Appropriate erosion 
control practices should be used by the contractor. 

Drawdown Time 

The amount of time expected for impacted runoff to drain from the IRCA after the 
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is referred to herein as the 
drawdown time. An estimation of the drawdown time is made for the three stages represented in 
this calculation package. Analyses indicated that the estimated drawdown time for Stages I 
through 111 is limited by the capacity of the EPLTS. The EPLTS permanent lift station pumps 
provide a maximum flow rate of 200 gpm, which results in the following approximate drawdown 
times: 

Stage I = 1.6 days; 
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Stage II = 0.9 days; and 

Stage III = 0.5 days. 

CONCLUSIONS 

The purpose of this calculation package is to demonstrate the adequacy of the design in 
providing the necessary impacted runoff storage capacity both before and during staged closure 
of the final cell (i.e., Cell 8) in the OSDF. Additionally, IRCA inlet channel capacity and IRCA 
drawdown time are calculated to show that the design meets the required design criteria. The 
following conclusions are made based on the calculations performed in this package: 

The IRCA for Cell 8, prior to staged closure, will provide adequate 
containment volume for impacted runoff from the 25-year, 24-hour storm 
event from two cells (i.e., Cells 7 and 8) based on the Section 7.2 calculation 
package. 

The IRCAs for the three closure stages provide adequate storage volume to 
contain the runoff for the 25-year, 24-hour storm event. 

0 A design chart has been created (Figure 4) to offer guidance in sizing the 
IRCA based on the uncapped area of the OSDF between that of the stages 
analyzed in the calculation package. 

0 The temporary channels carrying the runoff into the IRCA provide adequate 
capacity; however, due to the flow velocities, appropriate erosion control 
practices should be used by the contractor. 

Calculation results show that the design meets the applicable design criteria; 
therefore, the design is considered acceptable. 
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Channel 

Label 

B 

Table 4 - Input parameters describing the geometry of the channel 
used to solve for the peak depth of flow within the channel 

Longitudinal Bottom LeR Right 
Slope Width Side Slope Side Slope 

(R) - (e) (H:W (H:W3 

0.007 0 1.51 20:l 

Notes: (1) These inpuls MU be used to &e for the peak depth of flow. h. using an 

(2) Values for the Area of flow, A. and the Wetted Perimeter. P. are fundons 
Excel spreadsheet 

of the above parameters and the peak depth of flow. h. 

(3) A 2OH:IV slope was assumed to model a mnservative scenatio should the slope of the 

staged dmure grades be modified based on available waste quantities during dosure. 

Table 5 - Areas and Cumulative Volume of the IRCA taken at various elevations for three 
stages of the closure sequence used in HydroCAD calculations 

I Staae I I Staoe II 

Elevation 

586 1,534 ’. 0 
587 6,703 156 

588 11.132 487 

509 16,127 987 

590 18,823 1,629 

59 1 21,325 2.373 

592 23.964 3,212 

Elevation I Area I Cumulative Volume 

10.971 

15,960 

18.652 1,617 

21.148 2.352 
592 

Shoe 111 

Elevation I Area Cumulative I Volume 

(f l) 
586 

587 
588 

589 

590 

591 

592 

4.704 

7,579 

9,714 

11,979 1.136 

14.418 1,625 

Notes: (1) The areas and volumes wme m u t e d  using r n C A D .  
(2) HydroCAD uses ha area9 and elaua(bms to edahlkh the IRCA storage vdume. 

008029 
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Figure 1 - Stage I (Not to Scale) 
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Figure 2 - Stage I1 (Not to Scale) 
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Figure 3 - Stage I11 (Not to Scale) 
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Minimum Cell 8 Impacted Runoff Catchment Area (IRCA) Containment 
Volume Requirementsb) 

0 10,000 20,000 30,000 40.000 50.000 60,000 70,000 

Minimum Required IRCA Containment Volume‘” (cf) 
~ ~~~ ~ ~~ 

Notes: (” Minimum required IRCA mnlainmenl volumes comespond to estimated runoff from cell area discharging 
lo IRCA as computed using HydroCAD. ’’ Minimum required IRCA containment volumes do not indude freeboard. 

” Cell area discharging to IRCA indudes area of IRCA 
“’Stages shown are as indicaled on construdion drawings. 

Figure 4 - Design Chart for Sizing IRCA 
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Cell 8-Stagel 
Prepared by GeoSyntec Consultants 
HvdroCAB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Raiifall=4.70" 
Page 1 

1 /2 1 /ZOO4 0 
i/ 

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

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 
Runoff by SCS TR-20 method, UH=SCS, Type I I  24-hr Rainfall=4.70" 

~ 
- ~- 

Subcatchment A: Area A J / 
Tc=1.5 min CN=91 Area=2.020 ac Runoff= 14.28 cfs 0.584 af 

Subcatchment B: Area B 

Subcatchment C: Area C 

/ 
Tc=3.5 min CN=91 Area=l.920 ac Runoff= 12.75 cfs 0.555 af 

/ 
Tc=l.3 min CN=91 Area=0.290 ac Runoff= 2.06 cfs 0.084 af 

Subcatchment P: Pond Area / 
Tc=O.O min CN=100 Area=0.550 ac Runoff= 4.40 cfs 0.205 af 

Reach DR1: Dummy Reach 

Reach DR2: Dummy Reach 

Pond IRCA: Detention Pond 0 

Inflow= 2.06 cfs 0.084 af 
Oufflow= 2.06 cfs 0.084 af 

Inflow 12.75 cfs 0.555 af 
Oufflow= 12.75 cfs 0.555 af 

Peak Storage= 1.429 af Inflow= 32.09 cfs 1.429 af 
Oufflow= 0.00 cfs 0.000 af 

Runoff Area = 4.780 ac Volume = 1.429 af Average Depth = 3.59" 
,-- _. . -- 

I 

000039 



Cell 8-Stagel 
Prepared by GeoSyntec Consultants 
HydroCAm 6.00 sln 000929 0 19882001 Applied Microcomputer Systems 

Type / I  24-hr Rainfall=4. 70" 
Page 2 

' 1/21/2004 

Subcatchment A: Area A 

Runoff = 14.28 cfs @ 11.92 hrs, Volume= 0.584 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
2.020 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.5 100'0.2400 3.3 Sheet Flow, Segment A-1 

0.1 26 ' 0.2400 7.9 Shallow Concentrated Flow, Segment A-2 

0.1 57 ' 0.2600 8.2 Shallow Concentrated Flow, Segment A 3  

0.8 128 ' 0.0300 2.8 Shallow Concentrated Flow, Segment A 4  

1.5 311 Total 

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

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

0 

. Subcatchment A: Area A 
Hydrograph Plot 

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

. . j : : . :  

. .  ;;I.. . ..!. ... .i .. . . . . . .  .! . .  -,.. .. ;. .. ... .=. . I . . .  . ! !  
. . . . . . . . .  . . .  : !  

: : i i  

. . . . . . . . . . . . .  i ! '  ? .  . . . . . . . . . . .  . . . . .  . .  . .  : : :  : . i .  : :  
, . .  . : :  

............. .. ......... ... .... .... .... - - - _, .:__ 
: :  

.... : . . . . . . . .  . . . .  . . .  . . .  : , /  
- _ : .  5 .  - > ~  . %ab.; : .... 

i :  . .  

. . I . . . .  ..... Bw 
1 2 3 4 5 6 i 8 9 1'0 1'1 i 2  13 1'4 1'5 1'6 17 18 19 20 

Time (hours) 



Cell 8-Stagel 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70n 
Page 3 

1 /2 112004 @ 
Subcatchment B: Area B 

Runoff = 12.75 cfs @ 11 .!34 hrs, Volume= -0.555 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.920 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.5 100 0.2800 3.5 Sheet Flow, Segment B-1 

0.1 38 0.2800 8.5 Shallow Concentrated Flow, Segment B-3 

1.4 229 0.0300 2.8 Shallow Concentrated Flow, Segment 6-3 

1.5 245 0.0070 2.7 11.85 TrapNeelRect Channel Flow, Channel B ,/ 
3.5 612 Total 

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

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=0.50' Z= 33.3 & 1.5 'P  n= 0.018 

Subcatchment B: Area B 

LO Runoff] 
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Subcatchment C: Area C 

Runoff = 2.06 cfs @ 11.92 hrs, Volume= 0.084 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I 1  24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.290 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.4 78 0.3300 3.6 Sheet Flow, Segment C-1 

0.3 22 0.0300 1.1 Sheet Flow, Segment C-2 

0.6 96 0.0300 2.8 Shallow Concentrated Flow, Segment C-3 

1.3 196 Total 

(min) (feet) (Wft) (ftkec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55 

Smooth surfaces n= 0.01 1 P2= 2.55 

Unpaved Kv= 16.1 fps 

Subcatchment C: Area C 

000042 
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Cell 8Stagel 
Prepared by GeoSyntec Consultants 

Type II 24-hr Rainfall=4.70" 
Page 5 

1/21/2004 0 HydroCAD@ 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment P: Pond Area 

[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 4.40 cfs @ 11.90 hrs, Volume= 0.205 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall4.70 

Area (ac) CN Description 
0.550 100 Pond Area 

Subcatchment P: Pond Area 

/ 

4- .. 

3- 

2- 
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0 

Hydrograph Plot 
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Cell 8-Stagel 
Prepared by GeoSyntec Consultants 
HydroCADGO 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Reach DR1: Dummy Reach 

Type I! 24-hr Rainfall=4. 70" 
Page 6 

1 /2 1 /2004 a 
[40] Hint: Not Described (Oufflow=lnflow) 

Inflow = 2.06 cfs @ 11.92 hrs, Volume= 
oufflow = 2.06 cfs @ 11.92 hrs, Volume= 

0.084 af 
0.084 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach DR1: Dummy Reach 

Time (hours) 

000044 



Type II 24-hi Rainfall=4.70" 
Page 7 

1/21 I2004 
Prepared by GeoSyntec Consultants a HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcompu.Jr Systems 

Reach DR2: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 

0.555 af Inflow = 12.75 cfs @ 11.94 hrs, Volume= 
Oufflow = 12.75 cfs @ 11.94 hrs, Volume= 0.555 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

0 

Reach DR2: Dummy Reach 

0 Outtlow 



Cell 8-Stagel 
Prepared by GeoSyntec Consultants 

Type lI 24-hr Rainfall=4.70” 
Page 8 

1 I21 12004 HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Pond IRCA: Detention Pond 

1.429 af Inflow = 32.09 cfs @ 11.92 hrs. Volume= 
outflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 590.90’ Storage= 1.429 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area Inc.Store Cum.Store 
(feet) (acres) (acre-feet) (acre-feet) 

586.00 0.035 0.000 0.000 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

O m  
0 1  

~ _ _ _  
0.154 0.095 0.095 
0.256 0.205 0.300 

0.313 0.612 0.370 
0.432 0.401 1.013 
0.490 0.461 1.475 
0.550 ,- 0.520 1.995 

Pond IRCA: Detention Pond 
Hydrograph Plot 
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Cell 8&Stagell Type I /  24-hr Rainfall=4.70" .. 

Prepared byGeoSyntec Consultants Page 1 
HvdroCAD63 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 112 1 /2004 a 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 points 
Runoff by SCS TR-20 method, UH=SCS, Type I I  24-hr Rainfall4.70 

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

Subcatchment A: Area A 

Subcatchment B: Area B 

Subcatchment C: Area C 

Subcatchment P: Pond Area 

Reach DR1: Dummy Reach 

Reach DR2: Dummy Reach 

Pond IRCA: Detention Pond a 

a / -  "/ 
Tc=l .O min CN=91 Area=l.400 ac Runoff= 10.03 cfs 0.405 af 

Tc=2.5 min CN=91 Area=0.620 ac Runoff= 4.25 cfs 0.179 af 

Tc=0.9 min CN=91 Area=0.075 ac Runoff= 0.54 cfs 0.022 af 

Tc=O.O min CN=100 Area=0.546 ac Runoff= 4.37 cfs 0.204 af 

Inflow= 0.54 cfs 0.022 af 
Outflow= 0.54 cfs 0.022 af 

Inflow= 4.25 cfs 0.179 af 
Oufflow= 4.25 cfs 0.179 af 

Peak Storage= 0.810 af Inflow= 18.62 cfs 0.810 af 
Outflow= 0.00 cfs 0.000 af 
J 

Runoff Area = 2.641 ac Volume = 0.810 af Average Depth = 3.68" 



Cell 8-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAD@ 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type 11 24-hr Rainfall=4.70" 
Page 2 

1 /2 1 /zoo4 @ 
Subcatchment A: Area A 

[49] Hint: Tc<2dt may require smaller dt 

Runoff = 10.03 cfs @ 11.91 hrs, Volume= 0.405 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
1.400 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.4 79 0.2500 3.2 Sheet Flow, Segment A-1 

0.1 21 0.2700 2.5 Sheet Flow, Segment A-2 

0.1 50 0.2700 8.4 Shallow Concentrated Flow, Segment A-3 

0.0 13 0.2600 8.2 Shallow Concentrated Flow, Segment A 4  

0.4 59 0.0300 2.8 Shallow Concentrated Flow, Segment A-5 

0.0 15 0.2700 8.4 Shallow Concentrated Flow, Segment A-6 

1.0 237 Total 

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

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 
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Cell 8-Stagell 
Prepared by GeoSyntec Consultants 

Type I1 24-hr Rainfall=4.70" 
Page 3 

1 /2 1 12004 HydroCAD@ 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment A: Area A 



Cell 8-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAN 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 4 

1/21/2004 

4- 

3-. 4v - 
3 

ic 2-' 
0 

1- 

044 

Subcatchment B: Area B 

I 

Runoff = 4.25 cfs @ 11.93 hrs, Volume= 0.179 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I1 24-hr Rainfall4.70" 

Area (ac) CN Description 
0.620 91 Total Area 

e 

Tc Length Slope Velocity Capacity Description 

0.4 91 0.3300 3.7 Sheet Flow, Segment B-1 

0.2 9 0.0300 0.9 Sheet Flow, Segment 8-2 

0.8 138 0.0300 2.8 Shallow Concentrated Flow, Segment B-3 

1.1 174 0.0060 2.5 10.97 TrapNeelRect Channel Flow, Channel B 

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

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=0.50' Z= 1.5 & 33.3 '/' n= 0.01 8 
412 Total 

Subcatchment B: Area B 

2.5 

Hydrograph Plot 
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Cell 8-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAN 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 5 

1/2 1 /zoo4 @ 
Subcatchment C: Area C 

[49] Hint: Tc<2dt may require smaller dt 

Runoff = 0.54 cfs @ 11.91 hrs, Volume= 0.022 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.075 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.2 45 0.3300 3.2 Sheet Flow, Segment C-1 

0.7 51 0.0300 1.3 Sheet Flow, Segment C-2 

0.9 96 Total 

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

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55 

Subcatchment C: Area C 
Hydrograph Plot 
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Cell 8-Stagell 
Prepared by GeoSyntec Consultants 
HvdroCADo 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 6 

1/2 1 /2004 

Subcatchment P: Pond Area 

[46] Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 4.37 cfs @ 11.90 hrs, Volume= 0.204 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I1 24-hr Rainfall=4.70" 

Area (ac) CN Description 
0.546 100 Pond Area 

Subcatchment P: Pond Area 
Hydrograph Plot 

. ! I i  

: . .  . . .  i: 

. . .  

, : i . ; / .  

. . .  . : ;  

. . .  
: . :  

. . : . .  . , .  
. : , ! : . : : ! :  

, > !  

. : . .  . . .  
! ! j i  

. . .  : , .  

Time (hours) 



SI 1-33 

5316 
Cell 8-Stagell 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4. 70" 
Page 7 

1 /2 1 /2004 

Reach DRI: Dummy Reach 

[40] Hint: Not Described (Oufflow=lnflow) 

Inflow = 0.54 cfs @ 11.91 hrs, Volume= 
oufflow = 0.54 cfs @ 11.91 hrs, Volume= 

0.022 af 
0.022 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Reach DRI: Dummy Reach 
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Type II 24-hr Rainfall=4.70" 
Page 8 

1/21/2004 

Reach DR2: Dummy Reach 

[40] Hint: Not Described (Oufflow=lnflow) 

Inflow = 4.25 cfs @ 11.93 hrs, Volume= 
outflow = 4.25 cfs @ 11.93 hrs, Volume= 

0.179 af 
0.179 af, Atten= 0%, Lag= 0.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

4- 

3-'  

2- 

1- 

Reach DR2: Dummy Reach 
Hydrograph Plot 
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Inflow n El Oufflow 
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Type II 24-hr Rainfall=4.70n 
Page 9 

1/21/2004 

Pond IRCA: Detention Pond 

Inflow = 18.62 cfs @ 11.91 hrs, Volume= 0.810 af 
oufflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 589.52' Storage= 0.81 0 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area 1nc.Store Cum.Store 
(feet) (acres) (acre-feet) (acre-feet) 

586.00 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

0.035 0.000 0.000 
0.150 0.093 0.093 
0.252 0.201 0.294 
0.366 0.309 0.603 
0.428 0.397 1 .ooo 
0.485 0.456 1.456 
0.546 : 0.575 1.972 

Pond IRCA: Detention Pond 
Hydrograph Plot 
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Drainage Diagram for Cell8-Stagelll 
Prepared by GeoSyntec Consultants 1/21/2004 

HydroCAB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 



5 3 1 6  
CELL8-stag ell Type I! 24-hr Rainfall=4.70" 
Prepared by GeoSyntec Consultants Page 1 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 1/20/2004 0 

Time span=0.00-20.00 hrs, dt=O.Ol hrs, 2001 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: Area A / 
Tc=0.6 min CN=91 Area=0.981 ac Runoff= 7.1 1 cfs 0.284 af 

Subcatchment P: Pond Area 
Tc=O.O min CN=100 Area=0.331 ac Runoff= 2.65 cfs 0.123 af 

Pond IRCA: Detention Pond Peak Storage= 0.407 af Inflow= 9.63 cfs 0.407 af 
Oufflow= 0.00 cfs 0.000 af 

Runoff Area = 1.312 ac Volume = 0.407 af Average Depth = 3.73" 



C E LL8-S tag el I I 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

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

1 /20/2004 

Subcatchment A: Area A 

[49] Hint: Tce2dt may require smaller dt 

7- -  

6- 

5- 

2 
% 
ii 

u 
4- 

- -  
0 

3- 

2- 

1- 

0-4 
0 

Runoff = 7.1 1 cfs @ 11.91 hrs, Volume= 0.284 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70" 

/ 

Area (ac) CN Description 
0.981 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.5 100 0.2600 3.4 Sheet Flow, Segment A-1 

0.1 34 0.2600 8.2 Shallow Concentrated Flow, Segment A-2 

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

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 
134 Total 

Subcatchment A: Area A 
Hydrograph Plot 
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C E LL8-Stage I I I 
Prepared by GeoSyntec Consultants 
HydroCADrB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hi Rainfall=4.70" 
Page 3 

1 /20/2004 

Subcatchment P: Pond Area 

(461 Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 2.65 cfs @ 1 1.90 hrs, Volume= 0.123 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfall=4.70 

Area (ac) CN Description 
0.331 100 Pond Area 

Subcatchment P: Pond Area 
Hydrograph Plot 
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C E LL8-S tag el I I 
Prepared by GeoSyntec Consultants 
HvdroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=4.70” 
Page 4 

1 /20/2004 0 
Pond IRCA: Detention Pond 

Inflow = 9.63 cfs @ 11.90 hrs, Volume= 0.407 af 
oufflow = 0.00 cfs @ 0.00 hrs, Volume= 0.000 af, Atten= loo%, Lag= 0.0 min 

Routing by Stor-lnd method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 

Peak Elev= 589.76 Storage= 0.407 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation Surf.Area 1nc.Store Cum.Store 
(feet) (acres) (acre-feet) (acre-feet1 

586.00 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

lo;.. 

9: 

8: 

7: .  
A - : 
Q - S i ’  - ., 

E : .... 
4: 

3 1  

2: 

5.’’ 

0.013 0.000 0.000 
0.055 0.034 0.034 
0.108 0.081 0.116 
0.174 0.141 0.256 
0.223 0.198 0.455 
0.275 0.249 0.704 
0.331 0.303 1.007 

Pond IRCA: Detention Pond 
Hydrograph Plot 
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INLET CHANNEL SPREADSHEET 
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DesigdCheck: TrapezoidaVTriangular Channel 
Methodology: Manning's Equation 
Project: Fernald OSDF Phase V 

I . . . .  

TEZ. 1/20/2004 

Peak Dlscharge, Q, cfs -1 
Bottom Width, B fi 

Left Side Slope, Z, 
Right Side Slope, Z, 

Manning's Roughness Coeff., n 

horizontal : I  vertical 
horizontal : I  vertical 

Longitudinal Channel Slope, & ft/fi / 

Discharge versus Depth Relationship 

0.0 0.5 1 .o 1.5 2.0 2.5 

GEOSYNTEC CONSULTANTS F0330029 FmaldCha el 

O O O b 6 5  
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ATTACHMENT A-3 

IRCA DRAWDOWN 
CALCULATION 
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Slte Stratun Surf1 ____________-__________ ---_-----------___--___ 
CLOSURE vol-006 lrca-179OCy lrca-2000cy-fb 

22319 (C) Conposlte 24122 1803 

vol-007 lrca-1790cy contourlng-btn 
0 16488 16488 (F) Conposlte 



0 



TEC CONSULTANTS 
Written by: Tamara E. Zettler 79 

Client: Fluor Fernald. lnc. Projeet: OSDF Phase IV 

Date: 1RlR004 Reviewed by: &T 
Project No.: 0 1 3 4 2  Task No.:* 

Date: i /? i /oq 

ATTACHMENT A 4  

STAGE I THROUGH I11 VOLUME ESTIMATES 
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CLOSURE vol-008 lrco-3500cy lrco-20Mcy-fb 

531 2979 (F) Conposlte 
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Client: Fluor Femald Project: OSDF -Revised Phase V ProjectRroposal No.: GQ3211 TaskNo.: 06 

ADDENDUM TO SECTION 7.1 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leachate Generation Rates” presented in Section 7.1 estimated 
leachate generation rates for different stages of the life of the Fernald On-Site Disposal Facility 
(OSDF). These rates were used to evaluate the performance of the leachate collection system 
(LCS), leak detection system (LDS), and leachate transfer system (LTS) in other Calculation 
Packages. The rates were calculated based on a cell 400 feet wide and 6.5 acres in size. This size 
cell applies to the northernmost and interior OSDF cells (i.e., Cells 1 to 7). The southernmost 
OSDF cell (i.e., Cell 8) is sized differently from the other cells. 

This addendum to Section 7.1 presents leachate generation rates for Cell 8. Similar methods 
and input data to that used in Section 7.1 were used herein. This addendum is presented as Section 
7.4 of the OSDF Final Design Calculation Package, and is titled, “Leachate Generation Rates - Cell 
8 Supplement”. Section 7.4 is presented in Volume VII of the OSDI? Final Design Calculation 
Package. 

@ 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to estimate leachate generation rates for different stages of the 
life of the Fernald On-Site Disposal Facility (OSDF) Cell 8. These rates will be used to evaluate the 
performance of the leachate collection system (LCS) and leak detection system (LDS). 

METHOD OF ANALYSIS 

The U.S. Environmental Protection Agency (USEPA) Hydrologic Evaluation of Landfill 
Performance (HELP) model, Version 3.07, was used to estimate leachate generation rates for Cell 8 a oftheOSDF. 

CONCLUSIONS 

Leachate Generation Rates for Cell 8 

0 Peak daily for active stage (i.e., 10 ft of waste) 
Peak daily for post-closure stage 0 

= 1754 gpad 
= 0.024 gpad 

e Average annual for active stage (Le., 10 fi of waste) = 1261 gpad 
0 Average annual for post-closure stage = 0.002 gpad 

0 Baseline design flow rate during active operations 
Baseline design flow rate after closure 0 

= 11,050 gpd 
= 0.15 gpd 

Note that the above design flow rates do not account for large peak flows associated with the 
storm design basis flow rate or incremental flows that may occur fiom the consolidation of impacted 
materials. The storm design basis flow rate is addressed in Calculation Package “LTS Gravity Line 
Flow Capacity” and Calculation Package “LTS Pipe Hydrograph”. The potential effects of 

a 
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impacted material consolidation on the leachate generation rates are addressed in Appendix B of the 
Calculation Package “Leachate Generation Rates”. 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this analysis is to estimate leachate generation rates for different stages of the life 

of the Fernald On-Site Disposal Facility (OSDF) Cell 8. 

GENERAL DESCRIPTION OF CELL 8 

The southernmost cell of the OSDF, Cell 8, is sized differently than the northernmost and interior 
cells (Cells 1 through 7). Cells 1 through 7 are approximately 700 feet long and 400 feet wide with a 
cell area of 6.5 acres. Cell 8 is designed approximately 650 feet long and 425 feet wide with a cell area 

@ of 6.3 acres. 

LEACHATE GENERATION ANALYSIS 

Generally, the analysis procedures presented in the Calculation Package “Leachate Generation 

Rates” are followed in these calculation packages. The U.S. Environmental Protection Agency 

(USEPA) Hydrologic Evaluation of Landfill Performance (HELP) model, Version 3.07 [ Schroeder, et 

al., 1994a, b], is used to estimate leachate generation rates for Cell 8 of the OSDF. 

Analyses were presented in the Calculation Package “Leachate Generation Rates” for three cases 

representing three different stages in the life of the OSDF. Based on these calculation results, it was 

determined that Case 1 is the critical case during active operation and Case 3 after closure of the OSDF. 

Therefore, leachate generation calculations for Cell 8 are performed for Cases 1 and 3 only in this 

calculation package. 

The Calculation Package “Leachate Generation Rates” sub-classified Case 1 as 1A and lB, and 

Case 3 as 3A, 3B, 3C, and 3D based on the different material types used to model certain layers in the 
000084 
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OSDF. Based on the analysis results presented in that Calculation Package, it was determined that Case 

lB, and Case 3D (or 3C) are the critical cases that need to be considered for M e r  analyses. Therefore, 

in this Calculation Package analyses are performed for Cases 1B (active condition) and 3D (post-closure 

condition). 

REFERENCES 

Schroeder, P.R., Lloyd, C.M., and Zappi, P.A. (1994a). “The Hydrologic Evaluation of Landfill 

Performance (HELP) Model: User’s Guide for Version 3.” U.S. Environmental Protection Agency, 

Office of the Research and Development, Washington D.C., Report No. EPA/600/R-94/168aY 83 p. (plus 

appendix). 

Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. (1994b). 

“The Hydrologic Evaluation of LandJill Pevformance (HELP) Model: Engineering Documentation yor 

Version 3.” U.S. Environmental Protection Agency, Office of the Research and Development, 

Washington D.C., Report No. EPA/600/R-94/l68by 116 p. 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
HELP MODEL INPUT PARAMETERS 

OBJECTIVE 

To select values for the input parameters of HELP to model Cell 8 of the Fernald OSDF. Values 

are selected for Cases 1B and 3D for Cell 8. The following input parameters used for these cases are the 

same as the ones used in the Calculation Package “Leachate Generation Rates” presented in Section 7.1. 

Weather Data Requirements 

0 Evaporation data 

0 Precipitation data 

0 Temperature data 

0 Solar radiation data 

The following input parameters used for these cases are the same as the ones used in the 

Calculation Package “Leachate Generation Rates” presented in Section 7.1, except for the changes 

presented below to account for the new geometry 

Soil and Design data Requirements 

0 Landfill General Information 

- Cell area 

0 LayerData 

of Cell 8. 

(2 
LGe4 

b.5 e 

AvGTAje , 
L=656 

= 6.3 acres. 

- Drainage path length for the LCS drainage layer 

- Drainage path length for the final cover 

= 270 ft; and 

= 480 ft. 

c e l l  0 Runoff Curve Number 

- calculated by the program based on the new input parameters cog& 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
COMPUTATION RESULTS 

The leachate generation rates were estimated for Case 1 (active condition) and Case 3 (post- 

closure condition). The HELP program output files are included at the end of this Calculation Package 

as appendix A. The results for the HELP analyses are summarized in Table 1. 

Calculation of Baseline Design Flow Rates for Cell 8 

0 Peak daily for active stage (i.e., 10 ft of waste) 
Peak daily for post-closure stage 0 

0 Average annual for active stage (i.e., 10 ft of waste) 
Average annual for post-closure stage 0 

0 Baseline design flow rate during active operations 
Baseline design flow rate after closure 0 

= 1754 gpad 
= 0.024 gpad 

= 1261 gpad 
= 0.002 gpad 

= 11,050 gpd 
= 0.15 gpd 
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Table 1. Summary of HELP Model Results 

I Case I Average Annual Tot&() Peak Daily Values (in) 

Notes: 

'P = Precipitation 

*R = Runoff 

3E = Evaporation 

4LD = Lateral drainage in LCS drainage corridor 

'Havg = Average head above the primary geomembrane liner 

61 = Infiltration through primary geomembrane liner 

7Hmaw = Maximum head above the primary geomembrane liner 

000088 
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CASE168 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
PRECIPITATION DATA F I L E :  H:\PROJECTS\FERNALD\CELL8\CASE1B.D4 
TEMPERATURE DATA FILE: H:jPROJECrS\FERNALD\CELL8\CASE1B.D7 
SOLAR RADIATION DATA FILE: H:\PROJECrS\FERNALD\CELL8\CASElB.D13 
EVAPOTRANSPIRATION DATA: H:\PROJECrs\FERNALD\CELL8\CASE1B.D11 
SOIL  AND DESIGN DATA F I L E :  H:\PROJECTS\FERNALD\CELL8\CASE1B8.D10 
OUTPUT DATA F ILE :  H:\PROJECTS\FERNALD\CELL8\CASE1B8.OUT 

TIME: 11: 0 DATE: 12/ 9/2003 

***4****************************************************~*********************  e 
TITLE:  Fernald OSDF - Case lB 

***************f******************************~*******************************~ 

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 -------- 

N P E  1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 3 1  

THICKNESS = 120.00 INCHES 
POROSITY - - 0.5780 VOL/VOL 

0.0760 VOL/VOL F IELD CAPACITY - 
0.0250 VOL/VOL WILTING POINT - 

I N I T I A L  SOIL  WATER CONTENT = 0.1790 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
Page  1 080098 



MATERIAL TU( 
THICKNESS 
POROSITY 
F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  SOIL  WATER CONTENT 
EFFECTIVE SAT. HYD. COND. 

i 
l e 8  
NUMBER 26 

12.00 INCHES 
0.4450 VOL/VOL 
0.3930 VOL/VOL 
0.2770 VOL/VOL 
0.3930 VOL/VOL 

0.190000003000E-05 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TUCTURE - THICKNESS - 

POROSITY - 
FIELD C A P A C I D  - 
WILTING POINT - 
I N I T I A L  S O I L  WATER CONTENT = 
EFFECTIVE SAT. HYD. COND. = 
SLOPE - 
DRAINAGE LENGTH - 

- 
- 
- 

- 
- 

-. . 

NUMBER 0 
12.00 INCHES 
0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 
0.0321 VOL/VOL 

2.24 PERCENT 
0.100000001000 

'270.0 FEET 

CM/SEC 

CM/S EC 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 
F I E L D  CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL~VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM 

FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER ~ -. . 

MATERIAL TEXTURE - THICKNESS - - POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 
I N I T I A L  SOIL WATER CONTENT = 
EFFECTIVE SAT. HYD. COND. = 

- 
- 

SOIL  LINER 
NUMBER 1 7  

0.25 INCHES 
0.7500 VOL/VOL 
0.7470 VOL/VOL 
0.4000 VOL/VOL 
0.7500 VOL/VOL 

0.300000003000E-08 

s/SEC 

CM/SEC 

LAYER 6 ----_-__ 
Page  2 008091 



TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 
POROSITY - - 0.3970 VOL/VOL 

- - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.0320 VOL/VOL 
EFFECl lVE  SAT. HYD. COW. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 
DRAINAGE LENGTH = 270.0 FEET 

- 

TYPE 4 - FLEXIBLE MEMBRANE L INER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES - THICKNESS - 
POROSITY - - 0.0000 VOL/VOL 
F I E L D  CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1-00 HOLES/ACRE 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 8 

TYPE 3 - BARRIER 
MATERIAL TEXTURE - THICKNESS - 

POROSITY - 
F I E L D  CAPACITY - 
WILTING POINT - 
I N I T I A L  SOIL  WATER CONTENT = 
EFFECTIVE SAT. HYD. COND. = 

- 
- 
- 

SOIL LINER 
NUMBER 0 

36.25 INCHES 
0.4290 VOL/VOL 
0.4200 VOL/VOL 
0.3670 VOL/VOL 
0.4290 VOL/VOL 

0.819999997OOOE-07 CM/SEC 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL  DATA BASE USING SOIL  TEXTURE # 3 1  WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 5.% AND 
A SLOPE LENGTH OF 425. FEET. 

96.80 - SCS RUNOFF CURVE NUMBER - 
FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH - - 12.0 INCHES 
I N I T I A L  WATER I N  EVAPORATIVE ZONE = 1 .725  INCHES 
UPPER LIMIT OF EVAPORATIVE; STORAGE = 6.936 INCHES 
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CASElB8 
LOWER L I M I T  OF EVAPORATIVE STORAGE = 0.300 INCHES 

0.000 INCHES I N I T I A L  SNOW WATER - 
I N I T I A L  WATER I N  LAYER MATERIALS = 42.698 INCHES 

42.698 INCHES 
TOTAL SUBSURFACE INFLOW - - 0.00 INCHES/YEAR 
TOTAL I N I T I A L  WATER 

- 

- - 

EVAPOTRANSPIRATION AND WEATHER DATA ................................... 
NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 

CINCINNATI OHIO 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( IUL IAN DATE) 
END OF GROWING SEASON, (JULIAN DATE) 
EVAPOWTIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

- 

39.29 DEGREES 
0.00 

104 
295 

12.0 INCHES 

70.00 % 
67.00 % 
73.00 % 
72.00 % 

9.10 MPH 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COVINGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

l A N / l U L  FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ------- - - - - - - - ------- -_---__ ------- 
3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/ J UL FEB/AUG MAR/S,EP APR/OCT MAY/NOV JUN/DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

------- ------- ---_-__ ------- ------- ------- 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 

AND STATION LATITUDE = 39.29 DEGREES 
COEFFICIENTS FOR CINCINNATI  OHIO 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ------- ------- ------- ------- ------- 
PRECIPITATION ------------- 
TOTALS 3.42 2.87 3.77 3.69 3.83 4.10 

4.42 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.59 1.34 1.48 1.54 1.84 2.18 
1.94 1.59 1.78 1.10 1.36 1.21 

RUNOFF ------ 
TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION -----------_------ 
TOTALS 0.623 0.556 1.887 2.884 3.050 2.900 

3.205 2.290 1.874 1.653 1.373 0.965 

STD. DEVIATIONS 0.271 0.310 
1.037 0.982 

0.589 
0.811 

0.753. 
0.520 

0.960 
0.332 

1.012 
0.255 

1.3951 
1.3570 

1.7421 
1.3201 

1.8831 
1.1346 

1.7281 
1.0017 

STD. DEVIATIONS 0.6304 0.4926 
0.5000 0.5901 

PERCOLATION/LEAKAGE THROUGH LAYER 5 
-----------__c--__------------------ 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

--_---------_---__---------------------- 

PERCOLATION/LEAKAGE THROUGH LAYER 8 .................................... 
TOTALS 0.0000 0.0000 

0.0000 0.0000 

0.4873 
0.5836 

0.2934 
0.5999 

0.2852 
0.5661 

0.3783 
0.5323 

0 0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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CASElB8 
AVERAGES OF MONTHLY AVERAGED DAILY  HEADS (INCHES) a ............................................................................... 

DAILY  AVERAGE HEAD ON TOP OF LAYER 4 ..................................... 
AVERAGES 0.7389 0.9055 0.9573 1.2353 1.2922 1.2254 

1.1272 1.0099 0.9622 0.9058 0.8045 0.6874 

STD. DEVIATIONS 0.4326 0.3732 0.3344 0.2080 0.1957 0.2682 
0.3431 0.4049 0.4138 0.4117 0.4014 0.3652 

DAILY AVERAGE HEAD ON TOP OF LAYER 7 
c---------------_-------------------- 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000' 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION 

RUNOFF 

40.26 ( 5.552) 146142.4 100.00 

0.000 ( 0.0000) 0.00 0.000 

EVAPOTRANSPIRATION 23.260 ( 2.6639) 84432.33 57.774 

LATERAL DRAINAGE COLLECTED 16.95462 ( 3.94319) 615.45.258 42.11322 

PERCOLATION/LEAKAGE THROUGH a00006 ( .0.00002) 0.230 0.00016 

FROM LAYER 3 

LAYER 5 

AVERAGE HEAD ON TOP .O. 988 ( 0.230) 
OF LAYER 4 

LATERAL DRAINAGE COLLECTED 0.00006 ( 0.00002) 

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 

FROM LAYER 6 

LAYER 8 

0.220 0.00015 

0.009 0.00001 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 
OF LAYER 7 

CHANGE I N  WATER STORAGE 0.045 ( 3.1359) 164.55 0.113 

a 
t***************************************************************************** 

Page  6 000095 



. .  
- 5 3 J  $?J3 

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 3 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

AVERAGE HEAD ON TOP OF LAYER 4 

MAXIMUM HEAD ON TOP OF LAYER 4 

LOCATION OF MAXIMUM HEAD I N  LAYER 3 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

AVERAGE HEAD ON TOP OF LAYE< 7 

MAXIMUM HEAD ON TOP OF LAYER 7 

LOCATION OF MAXIMUM HEAD I N  LAYER 6 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG. SOIL  WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

4.70 

0.000 

0.06463 

0.000000 

1.375 

2.497 

24.7 FEET 

0.00000 .i 

0.000000 

0.000 . 

0.007 

0.0 FEET 

7.68 

17061.000 

0.0000 

234.60196 

0.00088 

0.00086 

0.00002 

0.5780 

0.0275 

27876.4355 

*** Maximum heads are computed using McEnroe 'S  equations. *** 
R e f e r e n c e :  Maximum S a t u r a t e d  D e p t h  over Land f i l l  Liner 

by B r u c e  M. McEnroe,  U n i v e r s i t y  o f  K a n s a s  
ASCE Journal o f  E n v i  ronmental E n g i n e e r i n g  
Vo1. 119, No. 2, M a r c h  1993, pp. 262-270. 

0 
**tft~*f******f************************~***~*~*************************~****** 



CASElB8 

4 0.0000 0.0000 

0.1875 

0.3840 

0.0000 

0.7500 

0.0320 - 

0.0000 

8 .  15.5512 0.4290 

SNOW WATER 0.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
f* ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
C* ** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
******f*********************************************************************** 

PRECIPITATION DATA F ILE :  H:\PROJECrS\FERNALD\CELL8\CASE3D.D4 
TEMPERATURE DATA F I L E :  H:\PROJECrS\FERNALD\CELL8\CASE3D.D7 
SOLAR RADIATION OATA FILE: H:\PROJECrS\FERNALD\CELL8\CASE3D.D13 
EVAPOTRANSPIRATION DATA: H:\PROJECrS\FERNALD\CELL8\CASE3D.D11 
SOIL AND DESIGN DATA F ILE :  H:\PROJECTS\FERNALD\C€LL8\CASE3D8.D10 
OUTPUT DATA F ILE :  H:\PROJECTS\FERNALD\CELL8\CASE3D8.OUT 

TIME: 9:13 DATE: 11/14/2003 

***t******************************************~****************tt************* 

TITLE:  Fernald OSDF - Case  30  

**t***************************************************************t*********** 

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES - TH ICKN ES S - 
- - 0.3980 VOL/VOL 

FIELD CAPACITY - - 0.2440 VOL/VOL 
POROSITY 

WILTING POINT - - 0.1360 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.2324 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997OOOE-03 CM/SEC 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 -------- 
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CASE3D8 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

21.00 INCHES - THICKNESS - 
POROSITY - - 0.4000 VOL/VOL 

- - 0.3000 VOL/VOL 
WILTING POINT - - 0.2000 VOL/VOL 
F IELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = . 0.2929 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = O.999999975000E-04 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES - - 
- 0.4370 VOL/VOL 
- 0.0620 VOL/VOL 

POROSITY 

WILTING POINT - - 0.0240 VOL/VOL: 
F IELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.1842 VOL/VOL 

- THICKNESS - 
- 

EFFECTIVE SAT. HYD. COND. = 0.579999993OOOE-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36.00 INCHES - THICKNESS - 
POROSITY - - 0.3500 VOL/VOL 
F IELD CAPACITY - - 0.0300 VOL/VOL 
WILTING POINT - - 0.0100 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 
F IELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
I N I T I A L  SOIL  WATER CONENT = 0.0516 VOL/VOL 

SLOPE - - 13.40 PERCENT 
DRAINAGE LENGTH = 480.0 FEET 

EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

Page 2 



CASE3D8 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 
0.06 INCHES - - 

- 0.0000 VOL/VOL 
F I E L D  CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

THICKNESS 
POROSITY - 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - G U O D  

TYPE 3 - BARRIER S O I L  L INER 
MATERIAL TEXTURE NUMBER 0 

24.25 INCHES - - 
- 0.4300 VOL/VOL 

THICKNESS 

F I E L D  CAPACITY - - 0.4210 VOL/VOL 
P O R O S I N  

WILTING POINT - - 0.3670 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.4300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

- 

LAYER 8 -------- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - - 
- - 0.4450 VOL/VOL 

THICKNESS 

- 0.3930 VOL/VOL 
POROSITY 

WILTING POINT - - 0.2770 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-OS CM/SEC 

- 

LAYER 9 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

- - 12.00 INCHES 
- 0.4450 VOL/VOL 

THICKNESS 

- 0.3930 VOL/VOL 
POROSITY 

WILTING POINT - - 0.2770 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-0S CM/SEC 

- 
- 

LAYER 10 -------- 
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TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 3 1  
THICKNESS = 408.00 INCHES 
POROSrrY - - 0.5780 VOL/VOL 

- - 0.0760 VOL/VOL 
WILTING POINT - - 0.0250 VOL/VOL 
F IELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.0760 VOL/VOL 
EFFECTIVE SAT. H Y D .  COND. = 0.410000002000E-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS .I - 12.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 
F IELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.3930 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-OS CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 
POROSITY - - 0.3970 VOL/VOL 
F IELD CAPACITY - - 0.0320 VOL/VOL 
WILTING POINT - - 0.0130 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 270.0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES - TH ICKN ESS - 
POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 14 
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CASE3D8 -------- 
TYPE 3 - BARRIER SOIL  LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES - THICKNESS - 
- - 0.7500 VOL/VOL 
- 0.7470 VOL/VOL 

POROSITY 

WILTING POINT - - 0.4000 VOL/VOL 
F I E L D  CAPACI lY 

I N I T I A L  SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 
- - 0.3970 VOL/VOL 

F I E L D  CAPACITY - - 0.0320 VOL/VOL 
POROSITY 

WILTING POINT - - 0.0130 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.0320 VOL/VOL 

SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 270.0 FEET 

EFFECTIVE SAT. HYD. COND. = 0.~00000001000 CM/SEC 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06 INCHES 
POROSITY - - 0.0000 VOL/VOL 
F I E L D  CAPACITY - - 0.0000 VOLLVOL . ' 

WILTING POINT - - 0.0000 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.0000 VOL/VOL 

FML PINHOLE DENSITY - - 0.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

EFFECTIVE SAT. HYD. COND. =-  0.199999996OOOE-12 CM/SEC 

FML PLACEMENT QUALITY = 3 - GOOD' 

LAYER 17 -------- 

TYPE 3 - BARRIER SOIL  LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
POROSITY - - 0.4290 VOL/VOL 
F I E L D  CAPACITY - - 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997OOOE-07 CM/SEC 
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GENERAL DESIGN AND EVAPORATIVE ZONE DATA ........................................ 
NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

SOIL  DATA BASE USING SOIL  TEXTURE #lo WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 480. FEET. 

SCS RUNOFF CURVE NUMBER 

AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER L I M I T  OF EVAPORATIVE STORAGE 

- LOWER L I M I T  OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

FRACTION OF AREA ALLOWING ~UNOFF 
- - 80.80 
= 100.0 - - 1.000 

30.0 - - 8.162 - - 12.099 - - 5.088 - - 0.000 - 82.440 - - 82.440 

- - 

0.00 - - 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
CINCINNATI OHIO 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER R.ELATIVE HUMIDITY 
AVERAGE 2ND QUARTER R E M T I V E  HUMIDITV 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

39.29 DEGREES 
3.50 

104 
295 

30.0 INCHES 

70.00 % 
67.00 % 
73.00 % 
72.00 % 

9.10 MPH 

NOTE: PRECIPITATION'DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COVINGTON KENTUCKY 

NORMAL, MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ____-__ ------- ------- _ - -____ __----- 
3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 



CASE3D8 
28.90 32.10 41.80 53.50 63 .OO 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI  on10 

AND STATION LATITUDE = 39.29 DEGREES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JAN/JUL ------- 
PRECIPITATION ------------- 

TOTALS 3.42 
4.51 

STD . DEVIATIONS 

RUNOFF ------ e TOTALS 

1.59 
2.35 

1.120 
0.150 

STD. DEVIATIONS 1.338 
0.967 

EVAPOTRANSPIRATION 

0.591 
4.253 

0.208 
1.480 

ECTED FROF 

FEB/AUG MAR/SEP 

2.87 
2.86 

1.34 
1.59 

1.873 
0.025 

1.405 
0.069 

0.555 
3.158 

0.278 
1.480 

LATERAL DRAINAGE CC 

STD. DEVIATIONS 1.0581 0.8350 
0.6182 0.1810 

PERCOLATION/LEAKAGE THROUGH LAYER 7 ------------------------------------ 
TOTALS 0.0000 0.0000 

0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

------- 

3.77 
2.79 

1.48 
1.78 

1.189 
0.035 

1.738 
0.087 

1.884 
2.015 

0.564 
0.941 

2.1673 
0.0868 

1.1208 
0.3058 

0.0000 
0.0000 

0.0000 
0.0000 

APR/OCT MAY/NOV JUN/DEC 

3.69 
2.35 

1.54 
1.10 

0.033 
0.017 

0.086 
0.055 

3.468 
1.243 

0.622 
0.327 

1.0788 
0.1554 

1.0338 
0.3851 

0.0000 
0.0000 

0.0000 
0.0000 

3.83 
3.22 

1.84 
1.36 

0.024 
0.043 

0.068 
0.100 

4.478 
0.969 

1.155 
0.181 

0.4276 
0..7835 

0.6557 
1.1062 

0.0000 
0.0000 

0.0000 
0.0000 

4.10 
2.94 

2.18 
1.21 

0.080 
0.166 

0.164 
0.541 

4.136 
0.748 

1.495 
0.178 

0.1311 
1.4636 

0.3135 
1.0866 

0.0000 
0.0000 

0.0000 
0.0000 
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TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 - 0.0000 

STD. DEVIATIONS 0.. 0000 0.0000 
0.0000 0.0000 

CASE3D8 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 .................................... 
TOTALS 0 * 0000 0.0000 

0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0 * 0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

DAILY AVERAGE HEAD ON -TOP OF LAYER 6 ..................................... . .  
AVERAGES 0.1912 0.1416 

0.0376 0.0134 

STD. DEVIATIONS 0.2195 0.1900 
0.1283 0.0376 

DAILY AVERAGE HEAD ON TOP OF LAYER 1 3  ..................................... 
AV €RAGE S 0.0000 0.0000 

0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

DAILY AVERAGE HEAD ON TOP OF LAYER 16 ..................................... 
AVERAGES 0.0000 0.0000 

0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 - 0.0000 

0.4497 
0.0186 

0.2326 
0.0656 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.2313 
0.0322 

0.2216 
0.0799 

0.0000 
0 - 0000 
0.0000 
0.0000 

0. OOOQ 
0.0000 

0.0000 
0.0000 

0.0887 
0.1680 

0.1361 
0.2372 

0 * 0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0281 
0.3037 

0.0672 
0.2255 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 
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. .  

. CASE3D8. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RUNOFF 4.755 ( 2.9190) 17461.31 11.787 

EVAPOTRANSPIRATION 27.497 ( 3.4243) 99812.54 68.158 

LATERAL DRAINAGE COLLECTED 8.08402 ( 3.22387) 29345.006 20.03843 

PERCOLATION/LEAKAGE THROUGH 0.00003 ( 0.00001) 0.119 0.00008 

AVERAGE HEAD ON TOP 0.142 ( 0.057) 

LATERAL DRAINAGE COLLECTED 0.00003 ( 0.00001) 0.110 0.00008 

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 

FROM LAYER 5 

LAYER 7 

OF LAYER 6 

FROM LAYER 12 

LAYER 14 

OF LAYER 13  

@ LATERAL DRAINAGE COLLECTED 0.00000 ( 0.00000) 0.000 0.00000 
FROM LAYER 1 5  

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 

CHANGE I N  WATER STORAGE U.007 ( 1.1694) 24.67 0.017 

LAYER 17 
i .  

OF LAYER 16 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PEAK DAILY  VALUES FOR YEARS 1 THROUGH 100 ______-_____________---------------------------------------------------- 

(INCHES) (cu. FT.) _--------- ------------- 
PRECIPITATION 13.00 47190.000 

8 .291  30097.5801 . RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 0.74308 2697.38623 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000002 0.00892 

AVERAGE HEAD ON TOP OF LAYER 6 4.779 

Page 9 (PQQIO6 



CASE3D8 
MAXIMUM HEAD ON TOP OF LAYER 6 9.153 

LOCATION OF MAXIMUM HEAD I N  LAYER 5 

DRAINAGE COLLECTED FROM LAYER 12 0.00000 ~ 0.00329 

(DISTANCE FROM DRAIN) 12.2 FEET 

PERCOLATION/LEAKAGE THROUGH LAYER 14 0.000000 0.00002 

AVERAGE HEAD ON TOP OF LAYER 13 0.000 

MAXIMUM HEAD ON TOP OF LAYER 13 0.005 

LOCATION OF MAXIMUM HEAD I N  LAYER 12 
(DISTANCE FROM DRAIN) 0.0 FEET 

DRAINAGE COLLECTED FROM LAYER 15 0.00000 0.00000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 0.000000 I 0.00002 

AVERAGE HEAD ON TOP OF LAYER 16 0.000 

MAXIMUM HEAD ON TOP OF LAYER 16 0.001 

LOCATION OF MAXIMUM HEAD I N  LAYER 15 
(DISTANCE FROM DRAIN) 0.0 FEET 

SNOW WATER 7.68 27876.4355 

MAXIMUM VEG. S O I L  WATER (VOL/VOL) 0.3527 

MINIMUM VEG. S O I L  WATER (VOL/VOL) 0.1696 

*** Maximum heads are c o m p u t e d  using M c E n r o e ' s  equations. *** 
R e f e r e n c e :  Maximum saturated D e p t h  over L a n d f i l l  L iner  

by B r u c e  M. McEnroe,  U n i v e r s i t y  o f  K a n s a s  
ASCE Journal o f  E n v i  ronmental E n g i n e e r i n g  
V o l .  119, No. 2, M a r c h  1993, pp. 262-270. 

2 6.4221 0.3058 

3 0.7817 0.1303 

4 1.0800 0.0300 

Page  10 



5 

6 

7 

8 

9 

10 

11 

12 

1 3  

CASE3D8 
0.3844 

0.0000 

10.427 5 

.4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0.0000 

0.0320 

0.0000 .;. 

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0.0000 

% .  

14 0.1875 0.7500 

1 5  0.3840 0.0320 

16 0.0000 0.0000 

17 1 5 . 5 5 1 2  0.4290 

SNOW WATER 0.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
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Client: Fluor Femald Project: OSDF - Revised Phase V ProjectProposal No.: GQ3211 TaskNo.: 06 a 
ADDENDUM TO SECTION 8.1 

(ADDED TO REVISION 1 PACKAGE) 

The Final Design Calculation Package “Leachate Collection System (LCS) Maximum Head 
in the LCS” presented in Section 8.1 evaluated the performance of the drainage layer and drainage 
corridor components of the LCS. Specifically the package estimated (i) average and maximum 
leachate head and liquid thickness for the drainage layer; and (ii) average and maximum leachate 
head and liquid thickness and flow capacity for the drainage corridor. The performance of the 
drainage layer and drainage corridor was evaluated using baseline design flow rates applicable to the 
northernmost and interior OSDF cells (i.e., Cells 1 to 7). Baseline design flow rates for the 
southernmost OSDF cell (Le., Cell 8) are presented in Section 7.4 and will be utilized in this 
package. 

This addendum to Section 8.1 evaluated the performance of the drainage layer and drainage 
corridor for Cell 8. Similar methods and input data to that used in Section 8.1 were used herein. 
This addendum is presented as Section 8.4 of the OSDF Final Design Calculation Package, and is 
titled, “Leachate Collection System (LCS) Maximum Head in the LCS - Cell 8 Supplement”. 
Section 8.4 is presented in Volume VII of the OSDF Final Design Calculation Package. 

@ 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the drainage layer and the 
drainage corridor components of the leachate collection system (LCS) for Cell 8 of the Femald On- 
site Disposal Facility (OSDF). 

METHOD OF ANALYSIS 

Drainage Layer: The maximum and average hydraulic head, and the maximum and average liquid 
thickness in the drainage layer were calculated using the USEPA HELP model and a closed-form 

@ analytical solution. 

Drainage Corridor: The maximum and average hydraulic head, and maximum and average liquid 
thickness in the drainage corridor were calculated using a closed-form analytical solution. The flow 
capacity of the drainage corridor was calculated to veri@ its ability to convey leachate. 

Calculations were performed for the active operation condition and for the post-closure (Le., 
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation 
Rates - Cell 8 Supplement” Calculation Package were utilized in the chculations. These flow rates 
do not account for large peak flows associated with the storm design basis flow rate. 

CONCLUSIONS 

ACTIVE OPERATION CONDITION: 

Drainage Layer: 
maximum leachate head, hm, = 2.5 in. < 12 in. (O.K.) 
average leachate head, h,, = 1.3 in. 

maximum liquid thickness, T m a  = 2.5 in. 
average liquid thickness, T,, = 1.3 in. 

COO113 
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Drainage Corridor: 

maximum leachate head, h,,,, = 3.3 in. < 12 in. (OK)  
average leachate head, hvg = 1.9 in. 
maximum liquid thickness, Tm, = 3.3 in. 
average liquid thickness, Tavg = 1.9 in. 
drainage corridor capacity, QDC = 23.6 gpm 
required flow capacity, QR = 7.7 gpm 
flow capacity factor of safety, QDJQR = 3.1 (equal to target rate of 3, OK.) 

POST-CLOSURE CONDITION: 

Drainage Layer: 
maximum leachate head, hm, = 3 . 8 1 ~ 1 0 - ~  in. < 12 in. ( O K )  
average leachate head, havg = 1 .91~10-~  in. 
maximum liquid thickness, T,, = 3.8 1 x 1 Om5 in. 
average liquid thickness, Tavg = 1.9 l x  1 0-5 in. 

Drainage Corridor: 
maximum leachate head, baX = 1 . 3 2 ~ 1 0 ~  in. < 12 in. ( O K )  
average leachate head, havg = 6 . 5 9 ~ 1 0 . ~  in. 
maximum liquid thickness, Tm, = 1 .32x104 in. 
average liquid thickness, Tavg = 6 . 5 9 ~ 1 0 - ~  in. 
drainage corridor capacity, QDC = 9.42 gpm 
required flow capacity, QR = 1 .08x104 gpm 
flow capacity factor of safety, QDC/QR = 8 7 . 5 ~ 1 0 ~  (much greater than target value of 10, 
O.K.) 

000114 
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LEACHATE COLLECTION SYSTEM (LCS) 

MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURE$ 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the leachate collection 

system for Cell 8 of the OSDF. In particular, this package addresses the following analyses: 

drainage layer (average and maximum leachate head and liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

@ METHODS OF ANALYSIS 

This calculation package uses the same method of analysis as the one presented in Section 8.1, 

“Leachate Collection System (LCS) Maximum Head in LCS” in the Final Design Calculation Package. 
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WrittenBy: RK Date: 12-03-03 Reviewedby: LMG Date: 12-09-03 

Client: Fluor Femald Project: OSDF - Revised Phase V ProjectlProposal No.: GQ3211 TaskNo.: 06 

LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 

DATA VERIFICATION 
INTRODUCTION 

The purpose of this package is to present the data parameters needed to perform the calculations 

for the leachate collection system for Cell 8 of the OSDF. In particular, this package addresses the 

foliowing analyses: 

drainage layer (average and maximum leachate head and liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

In order to perform the analyses the data presented in the Calculation Package “Leachate 
Collection System (LCS) Maximum Head in LCS” is used, except that the slope lengths, cell area, and 
flow rates are revised based on the Calculation Package “Leachate Generation Rates - Cell 8 
Supplement” as described in the following section. 

ACTIVE OPERATION CONDITION: 

@ 
1 

240 
4-3 

d C 

6Xs‘e 1-07~ &e 
DRAINAGE LAYER 

Leachate Head: 
qi = the maximum impingement rate of flow into the drainage layer = 0.0646 in. /day (peak daily 

value from HELP leachate generation analyses results; Case 1B) = 1 . 9 ~ 1 0 - ~  cm/sec 
L = the length of the slope = 270 f3 (3240 in.) 

DRAINAGE CORRIDOR 

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by 
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage 
corridor). Therefore, 

qi dc = (0.0646 in./day) x (425 ft/ 16 fi) = 1.716 in. /day (peak daily value) = 5.04~10.~  cm/sec 

- - 
H- 

000116 L = the length of the drainage corridor = 625 ft (7500 in.) - 
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Leachate Head: 
qi = the maximum impingement rate of flow into the drainage layer = 9.0x10-' in. /day (peak 

L = the length of the slope = 245 ft (2940 in.) 
daily value fiom HELP leachate generation analyses results; Case 3D) = 2.65x10-" c d s e c  

DRAINAGE CORRIDOR 

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by 
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage 
corridor) as shown in Figure 2. Therefore, 

qi dc = (9.0x10-' h./day) x (425 ft/ 16 ft) = 2.4~10" in. /day (peak daily value) = 7 .06~10- '~  

L = the length of the drainage corridor = 625 ft (7500 in.) 
c d s e c  

a 
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LEACHATE COLLECTION SYSTEM (LCS) 

MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 
CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spreadsheet was used to 
repeat the calculations for the active case and perform calculations for post-closure case. These 
calculation results are presented in the following pages. 
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LCS Drainape Laver 

Parameter 
Drainage Path Length (ft) 

Active Post-Closure 
270 245 

Drainage Path Slope (%) 

SloDe Angle (ded  
Slope Angle (rad) 

2.24 2.04 
0.02 0.02 
1.28 1.17 

Thickness (in.) 
Total Cell Width (ft) 

0.038 0.000 

12 12 
425 425 

Total Cell Length (ft) 
Total Cell Area (acre) 
k (cm/s> 

650 650 
6.34 6.34 
0.1 0.1 



LCS Drainage Corridor a 
Parameter 

Drainage Path Length (ft) 
Active Post-Closure 

625 625 
Drainage Path Slope (%) 

Slope Angle (deg) 
Slope Angle (rad) 

1 .oo 0.40 
0.01 0.00 
0.57 0.23 

Thickness (in.) 
Total Corridor Width (ft) 

12 12 
16 16 

Total Corridor C/S Area (ft2) 

Total Corridor Plan Area (acre) 
Total Corridor C/S Area (m’) 

Required Capacity (m3/s) I 4.88E-041 6.80E-09 
Factor of Safetv (For CaDacitv) I 3.051 8.75E+04 

16 16 
1.49 1.49 
0.23 0.23 

@ 
Tavemmax 0.56 0.5 

Tave(in.) 1.87 6.59E-05 
ha,, (in.) 1.87 6.59E-0.5 
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ADDENDUM TO SECTION 8.3 
(ADDED TO REVISION 1 PACKAGE) 

The Final Design Calculation Package “Leachate Collection System (LCS) LCS Pipe 
Design” presented in Section 8.3 evaluated the performance of the LCS collector pipe. The LCS 
pipe flow capacity was compared to the required capacity as part of the evaluation in that 
Calculation Package using baseline design flow rates applicable to the northernmost and interior 
OSDF cells &e., Cells 1 to 7). Baseline design flow rates for the southernmost OSDF cell (Le., Cell 
8) are different fiom that of the other cells, and are presented in Section 7.4. 

This addendum to Section 8.3 evaluated the performance of the LCS collector pipe for Cell 8 
using the baseline flow rates for that cell. Similar methods and input data to that used in Section 8.3 
were used herein. This addendum is presented as Section 8.5 of the OSDF Final Design Calculation 
Package, and is titled, “Leachate Collection System (LCS) LCS Pipe Design - Cell 8 Supplement”. 
Section 8.5 is presented in Volume Vn of the OSDF Final Design Calculation Package. a 
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLENIENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LCS collector pipe for Cell 
8 of the OSDF. The evaluation will be performed for both active operation and post-closure 
conditions. 

METHOD OF ANALYSIS 

The flow capacity, perforation size, and structural stability (wall crushing, wall buckling, and 
excessive ring deflection) were calculated for the LCS collector pipe in the Section 8.3, “Leachate 
Collection System (LCS) LCS Pipe Design” of the Final Design Calculation Package. The 
parameters used to calculate the perforation size and structural stability of the LCS collector pipe 
have not changed. However, the flow capacity of the LCS pipe is compared to the required flow 
capacity for Cell 8 in this Calculation Package. 

CONCLUSIONS 

Pipe flow capacity for active operation condition, Qp = 196.4-gpm 
Required flow capacity for active operation condition, Qpr = 7.7 gpm 
Flow capacity factor of safety for active operation condition, Q,JQpr = 25 > 3 (OK) 
Pipe flow capacity for post-closure condition, Qp = 124.2 gpm 
Required flow capacity for post-closure condition, Qpr = 1 . 0 8 ~ 1 0 ~  gpm 
Flow capacity factor of safety for post-closure condition, Q,JQpr = 1.15Xl O6 >> 10 (OK) 
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to evaluate the factor of safety for flow capacity by comparing the 

new required flow capacity for Cell 8 with the LCS pipe flow capacity. 

METHOD OF ANALYSIS 

The required flow capacity for Cell 8 was evaluated in Section 8.4, “Eachate Collection System (LCS) 

Maximum Head in LCS - Cell 8 Supplement”. The LCS pipe flow capacity was evaluated in Section 

8.3 “Leachate Collection System (LCS) LCS Pipe Design” of the Final Design Calculation Package. 
@ 
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TaskNo.: 06 

WrittenBy: FX 

Client: Fluor Femald Project: OSDF - Revised Phase V ProjectlProposal No.: GQ3211 * 
LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

DATA VERIFICATION 

Pipe flow capacity (Qp) = 1.25 x 10 -2 m 3 /s (from Calculation Package “Leachate Collection 
System (LCS) LCS Pipe Design” - Section 8.3) 

- 4 3  Required flow capacity (Qpr) = 4.88 x 10 m /s (from Calculation Package “Leachate Collection 
System (LCS) Maximum Head in LCS - Cell 8 Supplement” - Section 
8.4) 
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spreadsheet was used to 
repeat the calculations for the active case and perform calculations for the post-closure case. These 
calculation results are presented in the following pages. 
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Manning's Coefficient ( s / ~ O . ~ ~ )  

Drainage Path Slope (%) 
0.013 0.01 3 

1 .oo 0.40 
Slope Angle (rad) 
Slope Angle (deg) 
Flow Capacity (m3/s) 

0.01 0.00 
0.57 0.23 

1.24E-02 7.84E-03 
~ 

Required Capacity (m3/s) 
Factor of Safely (For Capacity) 

4.88E-04 6.80E-09 
25.41 l.l5E+06 
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ADDENDUM TO SECTION 9.1 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leak Detection System (LDS) Migration through Primary Liner” 
presented in Section 9.1 summarized the analysis of leachate migration through the primary liner 
and into the LDS and discussed other potential sources of flow into the LDS for different stages of 
the life of the Fernald On-site Disposal Facility (OSDF). The leachate migration Gtes were 
calculated based on a cell 400 feet wide and 6.5 acres in size. This size cell applies to the 
northernmost and interior OSDF cells &e., Cells 1 to 7). The southernmost OSDF cell (Le., Cell 8) 
is sized differently fiom the other cells. 

This addendum to Section 9.1 summarizes the analysis of leachate migration through the 
primary liner for Cell 8. Similar methods and input data to that used in Section 9.1 were used 
herein. This addendum is presented as Section 9.6 of the OSDF Final Design Calculation Package, 
and is titled, “Leak Detection System (LDS) Migration through. Primary Liner - Cell 8 
Supplement”. Section 9.6 is presented in Volume VII of the OSDF Final Design Calculation 
Package. 

0 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER - CELL 8 

SUPPLEMENT 
EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to summarize the analysis of leachate migration through the 
primary liner and into the LDS for Cell 8 of the OSDF. 

METHODS OF ANALYSIS 

The infiltration rate of leachate through the primary liner into the LDS was estimated using 
the USEPA HELP model analysis performed in the “Leachate Generation Rates - Cell 8 
Supplement” Calculation Package. The assumptions made to perform the leachate generation 

analysis were summarized in the “Leak Detection System (LDS) - Migration Through Primary 
Liner” Final Design Calculation Package. The updated results for Cell 8 of the OSDF are presented 
here. 

CONCLUSIONS 

Infiltration rates through the primary liner are as follows: 

0 

0 

Peak daily rate during active conditions 

Average annual rate during active conditions 
Average annual rate during post-closure conditions 

= 6.5 x 10” gpad 
= 4.5 x 10” gpad 
= 1.9 x lo4 gpad 
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Client: Fluor Femald Project: OSDF - Revised Phase V ProjectPropoSal No.: Go321 1 TaskNo.: 06 0 
LEAK DETECTION SYSTEM (LDS) 

MIGRATION THROUGH PRIMARY LINER - CELL 8 
SUPPLEMENT 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for evaluating the migration 

of leachate through the primary liner. 

METHOD OF ANALYSIS 

Calculation procedures were the same as those presented in Section 9.1 “Leak Detection 
System GDS) - Migration through Primary Liner” Final Design Calculation Package. 
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LEAK DETECTION SYSTEM (LDS) 

MIGRATION THROUGH PRIMARY LINER - CELL 8 
SUPPLEMENT 

DATA VERIFICATION 

Leachate migration through primary liner analysis was performed as part of Section 7.4 
“Leachate Generation Rates - Cell 8 Supplement” Final Design Calculation Package. The data 
required to perform this analysis is included in that package. A discussion on the variables that have 
the greatest effect on results, namely frequency and size of holes in the geomembrane components 
of the primary liner and quality of contact between the geomembrane and GCL components of the 
primary liner, was presented in Section 9.1 “Leak Detection System GDS) - Migration through 
Primary Liner - Data Verification” Final Design Calculation Package. The discussion presented in 
that calculation package is applicable to the results presented in this calculation package. 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER - CELL 8 

SUPPLEMENT 
CALCULATION RESULTS 

Miltration rates through the primary liner are as' follows: 

0 Peak daily rate during active conditions = 6.5 x gpad 
0 Average annual rate during active conditions = 4.5 x lom3 gpad 
0 Average annual rate during post-closure conditions = 1.9 x lo4 gpad 

Note, that peak daily rate for the post-closure stage cannot be calculated with certainty due to 
rounding errors by the HELP program, but is expected to be greater than 1.9 x lo4 gpad. a 
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ADDENDUM TO SECTION 9.2 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leak Detection System (LDS) Maximum Head in LDS” presented 
in Section 9.2 evaluated the performance of the drainage layer and the drainage corridor components 
of the leak detection system (LDS) for different stages of the life of the Femald On-site Disposal 
Facility (OSDF). The performance of the drainage layer and drainage corridor was evaluated using 
baseline design flow rates applicable to the northernmost and interior OSDF cells (i.e., Cells 1 to 7). 
Baseline design flow rates for the southernmost OSDF cell (Le., Cell 8) are presented in Section 7.4 
and will be utilized in this package. 

This addendum to Section 9.2 evaluated the performance of the drainage layer and drainage 
corridor for Cell 8. Similar methods and input data to that used in Section 9.2 were used herein. 
This addendum is presented as Section 9.7 of the OSDF Final Design Calculation Package, and is 
titled, “Leak Detection System (LDS) Maximum Head in LDS - Cell 8 Supplement”. Section 9.7 is 
presented in Volume VI1 of the OSDF Final Design Calculation Package. 

0 
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the performance of the drainage layer and the 
drainage corridor components of the leak detection system (LDS) for Cell 8 of the OSDF. 

METHODS OF ANALYSIS 

Drainage Laver: The maximum and average thickness of liquid in the LDS drainage layer were 
calculated using a closed-form analytical solution. 

Drainage Corridor: The maximum and average hydraulic head and? thickness of liquid in the 
drainage corridor were calculated using a closed-form analytical solution. The flow capacity of the 
drainage corridor was calculated using Darcy’s equation to verify its ability to convey liquid with an 
adequate factor of safety. 

a 

Calculations were performed for the active operation condition and for the post-closure @e., 
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation 
Rates - Cell 8 Supplement” Calculation Package were utilized in the calculations. These flow rates 
do not account for large peak flows associated with the storm design basis flow rate. 

CONCLUSIONS 

ACTIVE OPERATION CONDITION: 

LDS Drainage Layer: 
maximum thickness of liquid, T,, = 0.021 in. < 12 in. (OK):’ 
average thickness of liquid, T,,, = 1 . 9 ~ 1  O4 in. 000149 
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LDS Drainage Corridor: 
maximum leachate head, Lax = 1.41x10-’ in. < 12 in. (OK) 
average leachate head, havg = 7 . 0 ~ 1 0 ~  in. 
maximum liquid thickness, Tm, = 1.41~1 0-’ in. 
average liquid thickness, Tavg = 7 . 0 ~ 1 0 ~  in. 
drainage corridor capacity, QDC = 23.6 gpm 
required flow capacity, QR = 2.9x10-’ gpm 
flow capacity factor of safety, QDC/QR = 8.2~10’ >> 3 (OK) 

POST-CLOSURE CONDITION: 

LDS Drainage Layer: 
maximum thickness of liquid, Tmm = 0.004 in. < 12 in. (OK) 
average thickness of liquid, Tave,w = 2 . 6 2 ~ 1 0 ~  in. 

LDS Drainage Corridor: 

0 

0 

maximum leachate head, h,, = 2 .4~10~’  in. < 12 in. (OK) 
average leachate head, hav, = 1 . 2 ~  1 0-’ in. 
maximum liquid thickness, Tm, = 2.4x10-’ in 
average liquid thickness, T,, = 1.2xlO-’ in. 
drainage corridor capacity, QDC = 9.42 gpm 
required flow capacity, QR = 8 . 1 3 ~  1 0-7 gpm 
flow capacity factor of safety, QDJQR = 12x1 O7 >> 10 (OK) 
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for evaluating the maximum 

head in the LDS. 

METHOD OF ANALYSIS 

The calculation procedures are the same as those presented in Section 9.2 “Leak Detection 

0 System (LDS) Maximum Head in LDS” Final Design Calculation Package. 
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LEAK DETECTION SYSTEM (LDS) 

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 
DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to present the data parameters needed to perform the calculations 

for the LDS for Cell 8 of the OSDF. In particular, this package addresses the following analyses: 

drainage layer (average and maximum liquid thickness); and 

drainage corridor (average and maximum leachate head and liquid thickness, and flow 

capacity). 

In order to perform the analyses the data presented in the Calculation Package “Leachate 
Detection System (LDS) Maximum Head in LDS” is used, except that the slope lengths, cell area, and 
flow rates are revised based on the Calculation Package “Leachate Generation Rates - Cell 8 @ 
Supplement” as described in the following section. - &qJ  

440‘ @ 
ACTIVE OPERATION CONDITIONS: ca 2 7 2  @ 

b25‘ e &5e 

Drainage Layer: 
Q = leakage rate through a hole in the primary liner (assumes 1 hole per acre) 

= 4.5~10” gpad (average annual daily infiltration calculated using the HE )LP model) X 1 .o 
acres 
= 4 . 5 ~ 1 0 - ~  gpd 
= 6 . 5 ~ 1 0 - ~  gpad (peak daily infiltration calculated using the HELP model) X 1.0 acres 
= 6.5~10” gpd 

L = the horizontal length of the slope = 270 ft (3240 in.) 

Drainage Corridor: 
The impingement rate of flow into the drainage corridor is calculated by multiplying the peak 

daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor). 
Impingement rate is taken equal to’ the infiltration through the top liner (from HELP calculations 
performed as part of “Leachate Generation Rates - Cell 8 Supplement” Calculation Package). 

@ 
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qi = the maximum impingement rate of flow into the drainage corridor - 

= (6 .5~10-~  gpad or 2.4 x 
= 6 . 4 ~ 1 0 ~  in/d 

a d )  x (425 ft / 16 ft) 

L = the length of the drainage corridor = 625 ft (7500 in.) 

POST-CLOSURE CONDITION: 

Drainage Laver: 
Q = leakage rate through a hole in the primary liner (assumes 1 bole per acre) 

= 1.9~10“‘ gpad (average annual daily infiltration calculated usin5 the HELP model) X 1.0 
acres 
= 1.9~10“‘ gpd 

L = the horizontal length of the slope = 245 ft (2940 

Drainage Corridor: 
The impingement rate of flow into the drainage corridor is calculated by multiplying the peak 

daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor). 
Impingement rate is taken as equal to the infiltration through the top liner (from HELP calculations 
performed as part of “Leachate Generation Rates - Cell 8 Supplement” Calculation Package). 

qi = the maximum impingement rate of flow into the drainage corridor 
=(1.9x104gpador2.5x 106in/yr)x(425 f t /  16ft) 
= 6 . 6 ~ 1 0 ~ ~  in/yr 

L = the length of the drainage corridor = 625 ft (7500 in.) 
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_ _ ~  LEAK DETECTION-SYSTEM (LDS) - 

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT (SEE 
VOLUME VIII) 

CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spread sheet was used to repeat 
the calculations for the active case and perform calculations for post-closure case. These calculation 
results are presented in the following pages. 
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LDS Drainape Laver m I Act 

Daily Peak 

Drainage Path Length (ft) 270 
Parameter 

Thickness (in.) 12 
Total Cell Width (ft) 425 
Total Cell Length (ft) 650 
Total Cell Area (acre) 6.34 
k ( c d s )  I 0.1 
qi, (idday) [fiom HELP] 2.40E-07 
qi, ( c d s )  7.06E-12 
No of holes per acre 1 
Q per hole, (ft3/s) 1.008E-08 
Tmax (in.) 0.021 
M 2.90E-04 
T m , w  (in.) 1.90E-04 

ve I Post-Closure 

12 12 12 
425 425 425 
650 I 650 I 650 
6.34 6.34 6.34 

0.1 0.1 0.1 
1.64E-07 6.80E-09 6.80E-09 
4.82E-12 2.00E-13 2.00E-13 

11 11 1 
6.890E-091 2.857E-10I2.857E-10 

0.017 0.004 0.004 
2.40E-04 5.91 E-05 5.91 E-05 # 9.30E-06 2.62E-06 2.62E-06 



LDS Drainage Corridor 

qi, (idday) 
qi, (cds)  
h [Giroud et al.] 

6.38E-06 4.36E-06 
1.87E-10 1.28E-10 

1.874E-07 0.000 
li [Giroud et al.] I 1 .oool 1 .oool 

T m a x  (in.) 1.41 E-05 2.40E-05 

hmax (in.) 1.41 E-05 2.40E-05 

Tavern- 0.5 0.5 

, T a w  (in.) 7.03E-06 1.20E-05 

have (in.) 7.03E-06 1.20E-05 

I T d L  I 1.87E-091 3.20E-09 I 

FIOW Capacity (m3/s) 
Required Capacity (m3/s) 
Factor of Safety (For Capacity) 

1.49E-03 5.95E-04 
1.81 E-09 5.13E-11 

8.20E+05 1.16E+07 
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_ _  -ADDENDUM TO SECTION 9.3 
(ADDED TO REVISION 1 PACKAGE) 

The Calculation Package “Leak Detection System (LDS) Time of Travel in LDS” presented 
in Section 9.3 estimated the maximum time of travel in the leak detection system (LDS) for 
different stages of the life of the Fernald On-site Disposal Facility (OSDF). The times of travel 
were calculated based on a cell 400 feet wide and 6.5 acres in size. This size cell applies to the 
northernmost and interior OSDF cells (i.e., Cells 1 to 7). The southernmost OSDF cell (Le., Cell 8) 
is sized differently from the other cells. 

This addendum to Section 9.3 estimated the maximum time of travel in the leak detection 
system (LDS) for Cell 8. Similar methods and input data to that used in Section 9.3 were used 
herein. This addendum is presented as Section 9.8 of the OSDF Final Design Calculation Package, 
and is titled, “Leak Detection System (LDS) Time of Travel in LDS”. Section 9.8 is presented in 
Volume VII of the OSDF Final Design Calculation Package. a 
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LEAK DETECTION SYSTEM (LDS) 
TIME OF TRAVEL IN LDS - CELL 8 SUPPLEMENT 

EXECUTIVE SUMMARY. 

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the maximum time of travel in the leak detection 
system (LDS) for Cell 8 of the OSDF. In accordance with the Design Criteria Package (DCP), 
REVlE, the maximum time of travel in the LDS should not exceed 20 days. 

METHOD OF ANALYSIS 

The maximum time of travel of liquids in the LDS is estimated for the active operation condition 

and the post-closure condition. Design grades and slopes are utilized for the active operation condition 

and post-settlement grades and slopes are utilized for the post-closure condition. 
@ 

CONCLUSIONS 

time of travel for active operation condition = 17.6 days < 20 days (O.K.) 
time of travel for post-closure condition = 18.8 days < 20 days (O.K.) 
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LEAK DETECTION SYSTEM (LDS) 
TIME OF TRAVEL IN LDS - CELL 8 SUPPLEMENT 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the time of travel in the 

leak detection system (LDS). The LDS drainage corridor is the primary collector and the LDS pipe acts 

as a backup. 

METHOD OF ANALYSIS 

The calculation procedures are the same as those presented in Section 9.3, “Leachate Detection 

System (LDS) Time of Travel in LDS” of the Final Design Calculation Package. 
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LEAK DETECTION SYSTEM (LDS) 

TIME OF TRAVEL IN LDS - CELL 8 SUPPLEMENT 
DATA VERIFICATION 

INTRODUCTION 

As described in the calculation procedures package, an analysis of the time of travel in the LDS 
will be performed. 

In order to perform the analyses the data described in the Find Design Calculation Package 
“Leachate Detection System (LDS) Time of Travel in LDS” is used, except that the drainage path 
lengths are changed as described below to reflect the new geometry of Cell 8. 

@ ACTIVE OPERATION CONDITION: 

Time of Travel in the LDS Drainage Layer: 
LDL = length of flow in the LDS drainage layer = 270 ft 

Time of Travel in the LDS Drainage Corridor: 
L x  = length of flow in the drainage corridor = 501.3 ft 

Time of Travel in the LDS Collector Pipe: 
L p  = length of LDS collector pipe = 501.3 ft 

Time of Travel in the LDS Pipe (Extending from outside the cell to Valve House 8 NH-8)): 
Lp = length of LDS pipe extending from outside the cell to VH-8 = 180 ft 

POST-CLOSURE CONDITION: 

Time of Travel in the LDS Drainage Layer: 
LDL = length of flow in the LDS = 245 ft 008167 
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Time of Travel in the LDS Drainage Corridor: 
LE = length of flow in the drainage corridor = 576 ft 

Time of Travel in the LDS Collector Pipe: 
k p  = length of LDS collector pipe = 576 ft 

Time of Travel in the LDS Pipe (Extending from outside the cell to Valve House 8 NH-8)): 
Lp = length of LDS pipe extending from outside the cell to VH-8 = 180 ft 
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LEAK DETECTION SYSTEM (LDS) 
TIME OF TRAVEL IN LDS - CELL 8 SUPPLEMENT (SEE 

VOLUME VIII) 
CALCULATION RESULTS 
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ADDENDUM TO SECTION 9.4 
(ADDED TO REVISION 1 PACKAGE) 

The Final Design Calculation Package “Leak Detection System (LDS) LDS Pipe Design” 
presented in Section 9.4 evaluated the performance of the LDS collector pipe for the OSDF. The 
LDS pipe flow capacity was compared to the required capacity as part of the evaluation in that 
Calculation Package using the leakage rates applicable to the northernmost and interior OSDF cells 
@e., Cells 1 to 7). Leakage rates for the southernmost OSDF cell @.e., Cell 8) are different from 
that of the other cells, and are presented in Section 7.4. 

This addendum to Section 9.4 evaluated the performance of the LDS collector pipe for Cell 
8 using the leakage rates for that cell. Similar methods and input data to that used in Section 9.4 
were used herein. This addendum is presented as Section 9.9 of the OSDF Final Design Calculation 
Package, and is titled, “Leak Detection System (LDS) LDS Pipe Design - Cell 8 Supplement”. 
Section 9.9 is presented in Volume VII of the OSDF Final Design Calculation Package. 0 

I 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN - CELL 8 SUPPLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance of the LDS collector pipe for Cell 
8 of the OSDF. The evaluation will be performed for both active operation and post-closure 
conditions. 

METHOD OF ANALYSIS 

The flow capacity, perforation size, and structural stability (wall crushing, wall buckling, and 
excessive ring deflection) were calculated for the LDS collector pipe in the Section 9.4, “Leak 
Detection System (LDS) LDS Pipe Design” of the Final Design Calculation Package. The 
parameters used to calculate the perforation size and structural stability of the LDS collector pipe 
have not changed. However, the flow capacity of the LDS pipe is compared to the required flow 
capacity for Cell 8 in this Calculation Package. 

0 

CONCLUSIONS 

pipe flow capacity for active operation condition, Qp = 198 gpm 
required flow capacity for active operation condition, QR = 2.9x10-’ gpm 
flow capacity factor of safety for active operation condition, QdQpr= 6 . 8 4 ~ 1 0 ~  >>3 (OK) 
pipe flow capacity for post-closure condition, Qp = 124 gpm 
required flow capacity for post-closure condition, QR = 8 . 1 ~ 1 0 - ~  gpm 
flow capacity factor of safety for post-closure condition, QdQpr = 1 .5x108 >> 10 (OK) 
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LEAK DETECTION SYSTEM (LDS) 

LDS PIPE DESIGN - CELL 8 SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to evaluate the factor of safety for flow capacity by comparing the 

new required flow capacity for Cell 8 with the LDS pipe flow capacity. 

METHOD OF ANALYSIS 

The required flow capacity for Cell 8 was evaluated in Section 9.7 “Leak Detection System 
(LDS) Maximum Head in LDS - Cell 8 Supplement” of the Final Design Calculation Package. The 
LDS pipe flow capacity was evaluated Section 9.4 “Leak Detection System (LDS) LDS Pipe Design” of 
the Final Design Calculation Package. 

0 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN - CELL 8 SUPPLEMENT 

DATA VERIFICATION 

Pipe flow capacity (Qp) = 1.25 x 1 Om2 m3/s (fiom Calculation Package “Leak Detection System 
(LDS) LDS Pipe Design” - Section 9.4) 

-9 3 Required flow capacity (Qpr) = 1.83 x 10 m /s (fiom Calculation Package “Leak Detection System 
(LDS) Maximum Head in LDS” - Cell 8 Supplement” - Section 9.7) 
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LEAK DETECTION SYSTEM (LDS) 

LDS PIPE DESIGN - CELL 8 SUPPLEMENT 
CALCULATION RESULTS 

Hand calculations were performed for the active condition case. A spread sheet was used to repeat 
the calculations for the active case and perform calculations for the post-closure case. These calculation 
results are presented in the following pages. 
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Parameter 
Pipe Inner Diameter (in.) 

LDS PiDe 

Active Post-Closure 
5.421 - 5.421 - 

Cross Section Area (m2) 
Hydraulic Radius (in.) 

lcross Section Area (inz, I 23.081 23.081 
1.49E-02 1.49E-02 

1.36 1.36 
Manning’s Coefficient (~dm~’~) 
Drainage Path Slope (%) 

0.01 3 0.013 
1 .oo 0.40 

I SloDe Anele (rad) I 0.01 I 0.001 
Slope Angle (deg) 
FIOW Capacity (m3/s) 

0.57 0.23 
1.24E-02 7.84E-03 

Required Capacity (m3/s) 
Factor of Safety (For Capacity) 

1.81 E-09 5.13E-11 
6.84E+06 1.53E+08 
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OSDF PHASE V, SURFACE-WATER MANAGEMENT SYSTEM 

DESIGN AND POST-CLOSURE HYDROLOGY 

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 revised Phase V development of the OSDF. 
These SWM structures are designed to satisfy the requirements of the Surface-Water 
Management and Erosion Control (SWMEC) Plan [GeoSyntec, 2002bl and the OSDF Design 
Criteria Package (DCP) [GeoSyntec, 2002aI and are shown on the Construction Drawings. 
These requirements include those applicable to the OSDF ConstructiodFilling period and the 
OSDF Post-Closure period (for permanent structures). Additionally, the adequacy of existing 
SWM structures is assessed where failure of these structures has the potential to impact the 
OSDF or where the development of the OSDF significantly impacts the runoff conveyed to these 
structures. Required modifications or additions to existing structures are incorporated into the 
Construction Drawings and this calculation package. Peak discharges from sedimentation basins 
are presented for post-closure conditions for use in future comparison of pre- and post- 
development runoff from watersheds in the FEMP to Paddy’s Run, which is outside the scope of 
revised Phase V calculations. Lastly, hydrologic analyses are presented for post-closure 
conditions and a 2-year-24-hour storm event for use in an evaluation of sedimentation potential 
of permanent channels in the calculation “Sedimentation Evaluation of Permanent Drainage 
Channels for High Frequency Design Storms”. 

@ 

METHODS OF ANALYSES 

For the purpose of hydrologic analyses and routing through sedimentation basins (basins), 
the total drainage area is divided into two parts and modeled as the East OSDF and the West 
OSDF Design Scenarios. Both the East OSDF and West OSDF Design Scenarios presented 
herein consider the actual conditions anticipated to exist when all eight cells have been 
constructed, lined, and capped. This represents the “worst case” conditions for the period of 
Phase V construction. Design Case “A” represents a temporary channel and culvert at the 
southwest end of Cell 6 constructed as part of the SWM system for Cell 6. Neither the channel 
nor the culvert is incorporated into either of the OSDF Design Scenarios. Design Case “B” 
represents a system of existing and new channels and culverts along the east and south side of the 
OSDF to correspond with the construction and filling of Cells 5, 6, and 7. Several channels are 
also incorporated into the East OSDF Scenario; however, two channels along the south side of 
the OSDFare distinct to this design case. Design Case “C” represents a system of existing and 

- 
I- 112312003- 
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Client: Fluor Fernald, I n c  Project: OSDF Phase V Revision Project No.: GO3211 Task No.:* 0 new channels and culverts along the west side of the OSDF corresponding to the closing Cell 6. 
These channels and culverts are also modeled in the West OSDF Design Scenario. 

For Phase V SWM structures (Le., new structures), analyses are performed to design 
channels, culverts, and a sedimentation basin. Channels and culverts are designed to safely 
convey peak flow rates from the 25-year7 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). The sedimentation basin, OSDF Basin 2 is considered 
adequate if it complies with the design criteria for the lo-, 25-, and 100-year, 24-hour storm 
events, outlined in the DCP for construction, filling, and closure of the OSDF. 

Analyses for 25-year channels along the East and West perimeters of the OSDF were 
previously performed as part of the OSDF Final Design Package [GeoSyntec, 1997~1. These 
channels have been constructed as part of Phases IV and V consistent the OSDF Final Design 
Package, or redesigned as part of the Phase V revisions; therefore, analyses are performed as part 
of this Calculation Package to re-assess the adequacy of these channels. 

For existing SWM structures evaluated, analyses are performed to assess the adequacy of 
channels, culverts, and a sedimentation basin (basin). Channels and culverts are considered to be 
adequate if they have sufficient hydraulic capacity to convey peak flow rates from the 25-year, 
24-hour storm event. The sedimentation basin, Borrow Area Basin, is considered adequate if it 
complies with the performance criteria for the 25-year, 24-hour storm event, outlined in the DCP 
for development and restoration of the Borrow Area. 

Hydrologic and basin routing analyses are performed using methodologies presented in TR- 
20 [USDA-SCS, 19821 and TR-55 [USDA-SCS, 19861, as coded into the computer program 
HydroCADm. 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 by USDOT [1985], as coded into the computer program 
CulvertMaster@. 

CONCLUSIONS 

All Phase V (i.e., new) channels, culverts, and OSDF Sedimentation Basin 2 are designed in 
accordance with the requirements of the SWMEC Plan [GeoSyntec, 2002bl and the DCP 
[GeoSyntec, 2002a1, in particular as follows: 

New Channels 

Calculated peak flow velocities for all grass-lined channels are less than the permissible 
flow velocity of 5.0 fps. One channel maintains flow velocities greater than 5.0 fps and 
will be riprap-lined. 
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. 

New Culverts 

F0330030- 100% 
- -- 112312003- 
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For all new culverts, cover provided at road crossings equal or exceed the minimum 
required thickness of cover for structural stability. 

OSDF Sedimentation Basin 2 
The minimum available storage volume exceeds the calculated runoff volume (10-year, 
24-hour storm event) and the calculated volume of 0.125 acre-ftlyear 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 1 ft of 
freeboard from the minimum embankment crest elevation. 

Existing channels, culverts, and the Borrow Area Sedimentation Basin (with modifications 
shown in the Construction Drawings) have adequate capacity to convey applicable design storm 
events, in particular as follows: 

Existing Channels 
Calculated freeboard for all channels equal or exceed the minimum required of 0.5 ft. 

Calculated headwater elevation at the upstream end of culverts allow for 0.5 ft or greater 
freeboard. 

Existing Culverts 

Borrow Area Sedimentation Basin 
The minimum available storage volume exceeds the calculated volume of 1,800 cubic ft 
per acre (total upstream drainage area multiplied by the basin cleanout frequency) within 
the drainage area that will be disturbed by construction during the designed life of the 
sediment basin. 

The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 1 ft freeboard from the minimum embankment crest elevation. 

The required cleanout frequency for basins is one year per cleanout. 

? 
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OSDF PHASE V, SURFACE-WATER MANAGEMENT SYSTEM 

DESIGN AND POST-CLOSURE-HYDROLOGY 

PROCEDURES 

INTRODUCTION AND PURPOSE 

The major elements of the OSDF Phase V revision project include construction of the liner 

systems for Cells 7 and 8, and capping of Cells 3,4,  5 ,6 ,  7, and 8. These and other construction 

elements are listed in Table A-1 along with their relationships to the design scenarios assumed 

herein. The layout of the surface-water management (SWM) system is shown on Construction 

Drawings. 

The purpose of this Calculation Package is to evaluate the adequacy of OSDF SWM 

structures to be constructed as part of the revised Phase V development of the OSDF. 

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. 

Analyses for channels along the North, East, and West perimeters of the OSDF for the 25- 

year 24-hour storm event were previously performed as part of the OSDF Final Design Package 

[GeoSyntec, 1997~1. These channels have been constructed, or will be constructed as part of 

revised Phase V, consistent with the OSDF Final Design Package; therefore, analyses are 

performed as part of this Calculation Package to re-assess the adequacy of these channels with 

respect to as-built or new design conditions. 

DESIGN CRITERIA 

The revised OSDF Phase V SWM system is designed to satisfy the requirements of the 

Surface-Water Management and Erosion Control (SWMEC) Plan [GeoSyntec, 2002bI and the 

OSDF Design Criteria Package (DCP) [GeoSyntec, 2002aI. Applicable sections from the DCP 
- 
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requirements for the OSDF runodrunoff structures and Section 2.10.2.4, SurJace- Water 

Management for  Borrow Area which contains requirements for the borrow area structures. 

These sections of the DCP are included as Attachment A-1 . 

The revised design of Phase V structures includes analyses for channels and culverts leading 

to the OSDF Sedimentation Basin 2. The channels and culverts are designed to safely convey 

peak flow rates from the 25-year, 24-hour design storm event. Additional analyses are performed 

for the selection of channel lining (i.e., channel bed stability), required height of cover over 

-- 

culverts (i.e., structural stability), and riprap design for inlet and outlet protection of culverts. 

The OSDF Basin 2 is considered adequate if it complies with the design criteria for the lo-, 2 5 ,  

and 100-year, 24-hour design storm events, outlined in the DCP for construction, filling and 

closure of the OSDF. 

The assessment of Phase V structures also includes analyses to assess the adequacy of 

channels and culverts leading to the Borrow Area Sedimentation Basin. Channels and culverts 

are considered to be adequate if they have sufficient hydraulic capacity to convey peak flow rates 

from the 25-year, 24-hour storm event. The Borrow Area Basin is considered adequate if it 

complies with the performance criteria for the 25-year, 24-hour storm event, outlined in the DCP 

for development and restoration of the Borrow Area. 

0 

Peak discharges from sedimentation basins are presented for post-closure conditions. These 

discharges are for use in future comparison of pre- and post-development runoff from watersheds 

in the FEW to Paddy’s Run, which is outside the scope of Phase V calculations. Also, 

hydrologic analyses are presented for post-closure conditions and a 2-year-24-hour storm event 

for use in an evaluation of sedimentation potential of permanent channels in the calculation 

“Sedimentation Evaluation of Permanent Drainage Channels for High Frequency Design 

s t o m ” .  

DESIGN SCENARIOS 

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

existing structures, is evaluated in this calculation package using two design scenarios, the East 
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presented herein consider the actual conditions anticipated to exist when all eight cells have been 

constructed, lined, and capped. This represents the “worst case” conditions for the -period of 

Phase V construction. In addition, both East and West OSDF Design Scenarios have been 

analyzed assuming post-development conditions in order to assess potential sedimentation 

problems from high frequency design storms and to estimate peak discharges from sedimentation 

basins. Design Case “A” represents a system of existing and new channels and culverts at the 

southwest corner of Cell 6 constructed as part of the SWM system for Cell 6. Neither these 

, channels nor these culverts are incorporated into either of the OSDF Design Scenarios. Design 

Case “B” represents a system of existing and new channels and culverts along the east and south 

side of the OSDF to correspond with the construction and filling of Cells 5, 6, and 7. Several 

channels are also incorporated into the East OSDF Scenario; however, two channels along the 

south side of the OSDF are distinct to this design case. Design Case “C” represents a system of 

existing and new channels and culverts along the west side of the OSDF corresponding to the 

closing Cell 6. These channels and culverts are also modeled in the West OSDF Design 

Scenario. The East and West OSDF Design Scenarios, and Design Cases “A”, “B”, and “C” are 

further described in Table A- 1, and below. 

a 
East OSDF Design Scenarios 

A schematic layout of the SWM system represented by the East OSDF Design Scenario is 

provided in Attachment A-2. The East OSDF Design Scenarios incorporate.existing and new 

conditions, including the construction of Cell 7 and Cell 8 liner systems, the Cell 3, 4, 5, 6, 7, 

and 8 final cover systems, and the East run-off and runon channels which discharge to the 

Borrow Area Sedimentation Basin south of the OSDF. For this design scenario the Cell 1,2, 3, 

4,5, and 6 final cover systems are considered vegetated, the Cell 7 and 8 final cover systems are 

considered to be non-vegetated, and no cells are receiving impacted material. For the post- 

development design scenario all final cover systems are considered fully vegetated. 

All surface-water accounted for in the East OSDF Design Scenarios will flow to the Borrow 

Area Sedimentation Basin. The Borrow Area Basin has been modified to reflect the final 
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configuration of the Borrow Area Sedimentation Basin as presented in the Borrow Area 

Management and Restoration Plan [GeoSyntec, 2001 3. 

West OSDF Design Scenarios 

A schematic layout of the SWM system represented in the West OSDF Design Scenario is 

provided in Attachment A-2. The West OSDF Design Scenarios incorporate existing and new 

conditions, including the construction of Cell 7 and Cell 8 liner systems, the Cell 3, 4, 5, 6, 7, 

and 8 final cover systems, and the OSDF Sedimentation Basin 2. For this design scenario the 

Cell 3,4 ,5 ,  and 6 final cover systems are considered to be vegetated, the Cell 7 and 8 final cover 

systems are considered non-vegetated, and no cells are receiving impacted material. For the 

post-development design scenario all final cover systems are considered to be fully vegetated. 

All surface-water accounted for in the West OSDF Design Scenario will flow to the OSDF 

Sedimentation Basin 2. 

Design Case “A” 

A schematic layout of the SWM system represented in Design Case “A” is provided in 

Attachment A-2. Design Case “A” incorporates temporary structures at the southwest end of the 

temporary termination for the Cell 6 liner system. Design Case “A” considers existing 

conditions in the construction laydown area to the south of the OSDF and includes runoff from 

the Cell 6 liner runout and areas south of the OSDF. None of these temporary structures are 

represented in either of the OSDF Design Scenarios. 

Design Case “B” 

A schematic layout of the SWM system represented in Design Case “B” is provided in 

Attachment A-2. Design Case “B” incorporates permanent structures associated with the runoff 

diversion channel along the East side of the OSDF and temporary structures associated with the 

temporary termination for the Cell 7 liner system. For this design scenario, the Cells 1 and 2 

final cover systems are considered fully vegetated, Cells 3 and 4 final cover systems are 

considered non-vegetated, and Cells 5,6, and 7 are receiving impacted material. The permanent 

structures that correspond to the East Runoff Diversion Channel are included in the East OSDF 

F0330030-100% 
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Design Scenario, while the structures corresponding the temporary Cell 7 termination are not 

represented in either Design Scenario. 

Design Case “C” 

A schematic layout of the SWM system represented in Design Case “C” is provided in 

Attachment A-2. Design Case “C” incorporates permanent structures associated with the 

drainage channel and temporary runoff diversion berm along the West side of the OSDF, through 

Cell 6. For this design scenario, the Cells 3, 4 and 5 final cover systems are considered fully 

vegetated, and the Cell 6 final cover system is considered non-vegetated. These structures are all 

included in the West OSDF Design Scenario. 

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 [HydroCADm, 20011. This program uses 

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

TR-55 [SCS, 19861. Hydrographs for individual subcatchments are routed through a user 

specified nodal network for each design scenario (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 HydroCADm Technical Reference Manual is 

provided as Attachment A-3. 

Channel Hydraulic Analyses 

Hydraulic analyses for channels are performed using Manning’s equation, as coded into a 

computer spreadsheet. 

Culvert Hydraulic Analyses 

Hydraulic analyses for culverts are performed using methodologies presented in USDOT 

[1985], as coded into the computer program CulvertMaster@ [Haestad Methods, 20001. Built-in 

subroutines allow the user to perform calculations for inlet and outlet control. The 0 -- -- 
F0330030~100% 1 /23/2OO3- 
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Attachment A-4. 

HYDROLOGIC AND BASIN ROUTING ANALYSES 

Hydrologic and basin routing analyses are performed using HydroCADm for 2-, lo-, 2 5 ,  

and 100-year, 24-hour storm events. Input parameters are presented in the Data Verification 

section of this calculation package. Hydr0CADTM 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. 

Subcatchment Runoff 

Rainfall Distribution 

This parameter characterizes the assumed distribution of the design rainfall depth over a 24- 

hour duration and is selected based on the location of the Fernald site within the United States. 

Selection of this parameter is further described in the Data Verification section of this calculation 
@ 

package. 

Rainfall Depth 

This parameter is the total rainfall for a 24-hour design storm event. The design rainfall 

depths for return periods of 2, 10, 25, and 100 years are obtained as described in the Data 

Verification section of this calculation package. 

Hydrologic Soil Groups (HSG) 

This parameter classifies surficial soils at the site based on hydrologic characteristics, as 

presented in the Soil Surveys of Butler and Hamilton Counties, Ohio [USDA-SCS, 1980 and 

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. @ - -- F0330030~100% 1/23/2003- 
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Fincastle C 

Raub C 

SCS Map 
Label 

XeB,.XeB2, XfA, XfB2 

MoE2 

Soil Name 

Xenia B 

Miamian C 

Hydrologic 
Soil Group 

An HSG classification of B/C is selected for the final cover system and for liner system 

runout areas. The final cover system and the liner system runout will be constructed using soil 

from the borrow area. Soil obtained from the borrow area includes B and C soils, with 

approximately 85% of the soil being classified as B. 

Runoff Curve Numbers (CNs) 

CNs are selected based on ground cover type, land use, cover condition, and HSG 

classification of site soils. A list of land use categories characterizing drainage areas for the 

Phase V 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 

and after Phase V 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 in the following 

table: 

F0330030- 100% 
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TR-55 Land Use/ 
Ground Cover 

Category 

Newly graded 
areas 

Open space in 
poor condition 
- corresponds to 

HSG 

B 

C 

B/C 

B 

c 

Impervious 
surfaces 

- 
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Construction Phase Post-Development Phase 

Land Use 
Description 

TR-55 Land Use/ 
Ground Cover 

Category 
CN HSG CN 

86 

91 

89 

79 

Non- 
vegetated 
final cover 
system and 
liner system 
runout 

Vegetated 
final cover 
system 

Not Applicable 

69 Open space in fair 
condition 
- corresponds to 
between 50% to 
75% grass cover 

86 C 79 
less th& 50% 
mass cover 83 B/C 74 

Runon Areas 
East of the 
OSDF, Runon 
Areas North 
of the Borrow 
Area 
Borrow Area 
Runoff, 
Runon to 
Borrow Area, 
Vegetated 
Borrow Area 

69 B 69 
Pasture in fair 
condition 

Pasture in fair 
condition 

79 C 79 

61 B 61 
Pasture in good 
condition 

Pasture in good 
condition 

74 C 74 

Grass in good 
condition 
- corresponds to 
over 75% grass 
cover 

Construction 
support 
(Farmsteads - 
buildings, lanes, 
driveways, and 
surrounding lot) 

Bare Soil 

74 B 61 Areas 
Adjacent to 
the OSDF 74 82 C 

Subgrade 87 

98 

Not Applicable 

Sedimentation 
basin (SB), 
direct runoff 
to SB, 
pavement 

Impervious 
surfaces 
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For areas indicated in the above table as having an HSG of "B/C", the CN was calculated 

based on a 1:l ratio of B and C soils. A weighted CN for each subcatchment (CNs-i) is 

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

equation is used, as coded into a spreadsheet: 

n 

CN,, = C < C N i  
i=l 

Where, Pi is the percentage of total subcatchment area with 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: 

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). 

For channel flow travel time: L = flow length (feet); s = longitudinal slope (risehn); 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: 

F0330030- 100% 
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I Non-vegetated final cover system, 
liner system runout, pavement and 
subgrade 

1 Vegetated areas, construction 
support area, vegetated final cover 
system, runon area east of OSDF, 
runon area north of borrow area, 
borrow area runoff, and runon to 
borrow area 

I 

Client: Fluor Fernald. Inc. Project: OSDF Phase V Revision Project No.: GO321 1 Task No.:* 
\ <“ 

TR-55 Surface Description 

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

Grass: short grass prairie 

Ground Description 
Manning’s n for 

Sheet Flow 

0.01 1 

0.15 

1 

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

in the Data Verification section of this calculation. 

Reaches 

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

SWM structures), are performed by routing the hydrographs for individual subcatchments 

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

Channels 

For hydrologic analyses, channel parameters are input into HydroCADm 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 (risehn); (iii) length (ft); (iv) longitudinal slope (risejrun); (v) Manning’s 

roughness coefficient (dimensionless); and (vi) depth (ft). The adequacy of channels is assessed 

as described in a later section. 

Culverts 

For hydrologic analyses, culverts are input into HydroCADm as multiple 72-in. diameter 

Input parameters include: (i) length (ft); (ii) slope (riselrun); and (iii) Manning’s pipes. - -c 
F0330030-100% 112312003- 
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multiple 72-in. dia. pipes) are fictitious values used solely for ease of computation. Design of 

culverts (i.e., selection of size and number of pipes) is performed using the computer program 

CulvertMaster@ which uses peak flow rates obtained from hydrologic analyses and accepted 

methodologies described in a later section. 

- 

Sedimentation Basins 

Surface-water runoff is routed through individual basins for the scenarios noted below. 

OSDF Basin 2: routed as part of the West OSDF Design Scenario. 

Existing Borrow Area Basin: routed as part of the East OSDF Design Scenario. 

Routing through the basins is performed utilizing the Storage-Indication Method as 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 HydroCADM 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 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. Emergency 

spillways are modeled as broad-crested rectangular weirs. Also, the low-flow orifices (8-in. 

diameter) located at the bottom of the risers are neglected (conservatively) for this analysis. 

Additional information concerning development of stage-discharge relationships for these control 

structures is included in the HydroCADm Technical Reference Manual provided as Attachment 

A-3. a 
F033OO30- 100% 
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HYDRAULIC ANALYSES 

The design of new SWM structures and assessment of existing SWM structures includes 

hydraulic analyses for channels, culverts, and basins. Peak flow rates and runoff values from 

Hy&oCADT” output reports are utilized. 

Channels 

The hydraulic capacity of each new and existing channel is evaluated for conveyance of peak 

flow rates from the 25-year, 24-hour design storm event. In addition for new channels, 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 calculated peak flow depth (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 xs): Q=-AR 0 n 

Where, Q is the peak flow rate (cfs), n is Manning’s roughness coefficient (dimensionless), A is 

cross-sectional area of flow (ft2), R is hydraulic radius (ft) defined as R = A/P where P is wetted 

perimeter (ft), and So is longitudinal slope (rise/run). The minimum required freeboard (from the 

peak flow level to the level of overtopping of the channel sideslopes or nearby facility which 

would be adversely impacted if flooded) is 0.5 ft. The minimum available flow depth is obtained 

from the Construction Drawings. 

F0330030- 100% 
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Channel Lining - 

For each new channel, a peak flow velocity is calculated and compared to the permissible 

flow velocity for the selected channel lining. Permissible flow velocities for grass and riprap 

linings are <5 fps and 4 2  fps, respectively. Peak flow velocities are calculated based on 

Manning’s equation, using a computer spreadsheet. 

Sedimentation 

For each permanent channel, hydrology results for post-closure conditions and the 2-year, 

24-hour storm event are calculated for use in the Phase V calculation “Sedimentation Evaluation 

of Permanent Drainage Channels for High Frequency Design Storms”. 

Culverts 

The hydraulic capacity of each new and existing culvert is evaluated for conveyance of peak 

flow rates from the 25-year7 24-hour design storm event. New culverts will be helically 

corrugated metal pipe (CMP). Existing culverk3 include CMP, reinforced concrete pipe (RCP), 

polyvinyl chloride (PVC), asphalted corrugated metal pipe (CMPA), and high density 

polyethylene (HDPE) pipes. 

Hydraulic Capacity 

The adequacy of culverts is evaluated for inlet and outlet control conditions in terms of 

headwater elevation, using the computer program CulvertMaster@. An allowable headwater 

elevation is calculated as the overtopping elevation of the channel sideslopes or road crossing or 

the minimum elevation of a nearby facility which might be adversely impacted if flooded minus 

0.5 ft freeboard. The higher of the inlet or outlet headwater elevations is taken as the controlling 

headwater 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 
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elevations (ft MSL); (vi) 25-year7 24-hour peak flow rate (cfs); (vi)  tailwater elevation; and (viii) 

overtopping elevation. Culverth4aster@ does not include all diameters and inlet configurations, 

therefore characteristics are selected within the CulvertMaster@ program to best approximate 

those of the existing culvert. For the case of diameter, the closest diameter was used but no more 

than two inches larger than the existing diameter. For the case of inlet configuration, an inlet 

configuration with an entrance loss coefficient equal to that estimated for the actual inlet is 

selected. In cases where culverts discharge into well-defined channels, tailwater elevations will 

be assumed as the elevation of the normal flow depth in the downstream channel. 

Outlet Protection 

For each new temporary culvert, riprap outlet protection requirements are calculated to 

handle the 25-year, 24-hour storm event using a design chart from USDA-SCS [1987]. This 

design chart is presented in Attachment C-4B. For each new permanent culvert, outlet protection 

requirements are calculated to handle the 25-year 24-hour storm event using a design chart from 

the Ohio Department of Transportation [ODOT, 19921. This design chart is presented in 

Attachment C-4B and is also presented in ODNR [ 19961. 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 (ie., a minimum tailwater condition). Criteria for the 

selection of downstream riprap length and thickness are listed below. 

a 

The downstream riprap length (at a culvert outlet) is based on the appropriate design 

chart, but at a minimum will be four times the culvert diameter (hereafter referred to as 

“minimum riprap length”). 

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

the culvert is 5 fps or greater, the minimum riprap length is required. 

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

culvert is less than 5 fps, no outlet protection is required. 



GEOSYNTEC CONSULTANTS 
Written by: Victoria Cbedak (VSC) Date 1Y19/03 Reviewed by: Date: 

Client: Fluor Fernald. Inc. Project: OSDF Phase V Revision Project No.: GO3211 Task No.:* 

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

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

Riprap thickness as described in DCP (GeoSyntec, 2002a). 

Downstream channel peak flow depths are obtained from the results of hydrologic analyses. 

Outlet velocities are obtained from CulvertMaster@ output reports. Where riprap is 

recommended for outlet protection, inlet protection is also recommended. The upstream length 

is two times the culvert diameter with a d50 equal to that for the outlet protection riprap. 

Structural Stability 

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. The design axle load for on-highway vehicle roads of 32 kips 

corresponds to an HS-20 loading [ACPA, 19981. 
0 

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. 

Sedimentation Basins 

Existing and new basins are evaluated for handling runoff from applicable design storm 

events. A cleanout frequency of once per year is assumed consistent with the SWMEC Plan. 

OSDF Sedimentation Basin 2 (See DCP Section 2.8 in Attachment A-I) 

The available minimum 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 

I- 
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drainage area multiplied by the basin cleanout frequency). 

conservatively used in place of disturbed upstream drainage area. 

The principal spillway should discharge runoff from the 25-year7 24ihourdesign 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. 

Total drainage area is 

Borrow Area Sedimentation Basin (See DCP Section 2.10.2.4 in Attachment A-I)  

The available minimum storage volume should exceed the calculated volume of 1,800 cf 

per acre (total upstream drainage area multiplied by the basin cleanout frequency) within 

the drainage area that will be disturbed by construction during the design life of the 

sediment basin. 

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

event, allowing for 1 ft of freeboard from the minimum embankment crest elevation. 

In addition, both the OSDF Sedimentation Basin 2 and the Borrow Area Sedimentation Basin 

are evaluated to determine peak discharges for the post-development 25-year, 24 hour storm 

event. This analysis assumes that the basins remain unchanged after the closure of the OSDF. 

These peak discharges are for use in a future comparison of pre- and post-development runoff 

from watersheds in the FEMP to Paddy’s Run, which is outside the scope of Phase V 

calculations. 

\ 
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2.8 Surface-Water Management 

2.8.1 Categories of Surface Water 

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

0 surface-water runon from outside the battery limit to within the battery limit; 

0 surface-water runoff, which includes all runoff from disturbed areas within the 
battery limit, except for wastewater explicitly identified below; and 

0 wastewater, which includes all waters that must be contained, collected, and 
conveyed to the biosurge lagoon or the F E W  former production area storm 
drainage control system. 

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

0 leachate and runoff from impacted material within the OSDF; these 
wastewaters will be contained in the OSDF, allowed to percolate into the 
leachate collection system, and then conveyed by gravity through the leachate 
collection system pipe to the OSDF EPLTS (as discussed in Section 2.5 of this 
DCP). Surface-water collected in the OSDF cell catchment area may be 
conveyed to the FEMP former production area storm drainage control system or 
other on-site wastewater collectiodconveyance point acceptable to DOE and 
OEPAKJSEPA. 

0 runoff from impacted-material staging areas; these are self-contained units; 
liquid generated in these units will be conveyed to the FEMP former production 
area storm drainage control system, or other on-site wastewater 
collectiodconveyance point acceptable to DOE and OEPAAJSEPA; 

0 runoff from impacted-material haul roads; this water will be contained, 
collected, and conveyed to the FEMP former production area storm drainage 
control system, or other on-site wastewater collectiodconveyance point 
acceptable to DOE and OEPAPUSEPA; and 

perched ground water that seeps into excavations; this water will be contained, 
collected, and conveyed to the FEMP former production area storm drainage 
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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 functions of the surface-water management system are to: (i) route surface 
water to designated locations where it can be appropriately managed; (ii) protect the 
OSDF from damage caused by precipitation and surface-water runon and 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). 
The system should prevent surface-water runon to the OSDF and uncontrolled 
stormwater and wastewater runoff from the OSDF. Features of the permanent surface- 
water management system should be designed to require minimal monitoring and 
maintenance. The system should be integrated, to the extent possible, with existing 
topography, features, and faciIities (design considerations). 

2.8.3 Surface-Water Management During OSDF Construction/Filling/Closure 

A. Design Criteria 

Temporary surface-water control structures for the OSDF will be designed for 
the 25-year, 24-hour storm event (ARAR: EPA 40 CFR $258.26 and OAC 
3745-27-08(C)(6)(a) and (b)). For the FEMP property, this event has a rainfall 
intensity of 4.7 in. [Parsons, 1995al. 

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

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

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. 

0 Runoff from 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 surface-wafer runoff and wastewaters (functional 
requirements). 

Temporary sediment basins will meet the following criteria of OEPA (ARAR: 
OAC 3745-27-08(C)(6)(d)): 

the minimum acceptable basin storage will be established as the larger of 
the calculated runoff volume from a 10-year, 24-hour storm event, or, 0.125 
acre-ft per year (for each acre) of upgradient disturbed area) multiplied by 
the scheduled frequency of basin cleanout (in years) ((6)(d)(i)); for the 
FEMP property, the 10-year, 24-hour storm event has a rainfall intensity of 
4.1 in. [Parsons, 1995al; 

the principal spillway will be capable of safely discharging the flow from a 
10-year, 24-hour storm event; the inlet elevation of the emergency spillway 
will be designed to provide flood storage, with no flow entering the 
emergency spillway during a 25-year, 24-hour storm event, with allowance 
provided for the flow passed by the principal spillway during the event 
((6)(d)(ii)); as previously noted, for the FEMP property, the 25-year, 24- 
hour storm event has a rainfall intensity of 4.7 in. [Parsons, 1995al; 
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the combination of principal and emergency spillways should be capable of 
safely discharging the flow from a 100-year, 24-hour storm event; the basin 
embankment design should provide for no less than 1 ft of net freeboard 
when flow is at the design depth, after allowance for embankment 
settlement ((6)(d)(iii)); for the FEMP property, the 100-year, 24-hour storm 
event has a rainfall intensity of 5.6 in. [Parsons, 1995al; 

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

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

0 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 ponding water, whether or not it 
contains a liner, will be acceptable to the Director. In areas with 
predominantly in-situ low permeability clay, a liner may be 
unnecessary (it would be wise to scarifv and recompact the clay 
surface). The landfill engineer is responsible for meeting the 
"ponding" standard. In areas with more permeable soils a 
recompacted clay liner is necessary, but the QNQC standards can be 
minimal and certainly do not need to follow the landfill liner 
standards." 

. 

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

Surface-water runoff from the FEMP watersheds to the receiving water course 
(e.g., Paddys Run) should be discharged at a rate no greater than the 
predevelopment runoff discharge rate [ODNR, 19961 (design consideration). 
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0 Temporary-channels for stormwater runoff should be designed to meet the 
following criteria (design considerations). 

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

- 
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 under the design storm event. 

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

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

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

Channels should be protected from erosion using riprap or erosion mats for 
a length of at least two culvert diameters upstream and a width of at least 
three culvert diameters of 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 lining will be two times DSO, but not less than 
6 in. and will be underlain by geotextile filters. 

0 Riprap will be designed according to the following criteria (design 
considerations). 
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For channel lining, riprap should be sized to meet the following criteria 
[ODNR, 19961; 

- D5o = 62.4 Ff x d x S/4 
where: D50 = theoretical spherical diameter of average stone size; 

d = peak flow depth for the design storm event (ft); and 
S =channel slope (rise/run). 

Riprap should meet the following particle size criteria [ODNR, 19961: 

** 

** 

D,,, = 1.5 x DSO 
D ~ S  = 0.5 to 0.75 x D s ~  
where: D, = theoretical spherical diameter of largest stone size; and D15 

= theoretical spherical diameter of the stone size for which 

For channels, the minimum thickness of the riprap lining should be two 
times Dso, but not less than 6 in. 

15 percent of the material is smaller. 

Riprap used at channel transitions should extend upstream and downstream 
of the transition a distance of five times the downstream channel depth; the 
minimum extension should be 15 ft. 

. 

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. 

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 and 
the minimum top width should be 2 ft. 

Temporary erosion control measures should include the items listed below 
(design considerations). 
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Runoff from all disturbed areas should be routed to sediment basins, or 
managed using other appropriate sediment control practices, prior to 
discharge to natural watercourses, except for wastewaters which should be 
managed as described in Section 2.8.5 of this DCP. 

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

Temporary erosion control may be achieved using geosynthetic materials, 
vegetation, crusting agents, check dams, straw bales, silt fences, or other 
appropriate structures. 

The use of erosion control materials should be minimized in impacted soils 
requiring OSDF disposal. Preference should be given to runon control, 
surface grading, and the selective use of erosion resistant impacted 
materials to control erosion of impacted areas. 

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

It is noted that surface-water routing and surface-water 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 

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. 

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

2-87 03.10.24 

080220 



FEWP OSDF-DCP-REV 1E 

0 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. RunodRunoff routing and sediment basin sizing may be 
evaluated using the procedures described in USDA-SCS Technical Releases 20 and/or 
55 [USDA-SCS, 1975, 1986al; an acceptable tool for performing these calculations is 
the computer program "HydroCAD" Stomwater Modeling System" [Applied 
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 [ 19961. 

Culverts should be sized in accordance with U.S. Federal Highway Administration 
guidelines [USDOT, 19851 and meet the structural design criteria contained in 
applicable design references such as the Concrete Pipe Design Manual [America 
Concrete Pipe Association, 19701. 

In the event that a channel bottom grade is less than 0.5 percent, an analysis should 
be performed to establish that the channel does not clog or build up sediment that will 
cause loss of flow capacity in the design storm event. 

2.8.4 Surface-Water Management After OSDF Closure 

A. Design Criteria 

Permanent runon control structures for the OSDF will be designed to limit 
interruption and damage &e., washout) of the OSDF in the 2,000-year7 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. 
[Parsons, 1995al. Runon should be controlled and diverted away from and 
around the OSDF using channels or diversion berms (design consideration). 

Permanent runoff control structures for the OSDF will be designed to limit 
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). 
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Permanent runoff control measures should be designed according to the 
following criteria (design considerations). 

Runoff from the 2,000-year, 24-hour storm event should be allowed to sheet 
flow to the toe of the OSDF final 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 from north to south concurrent with the progressive 
development of the OSDF. The final outlet location for runoff from the 
eastern portions of the OSDF should be immediately south of the southern 
limit of the OSDF. 

0 Permanent drainage channels will be designed to meet the following criteria 
(design considerations). 

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

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

Flow velocity in the channel during high frequency (e.g., 2-year return 
frequency) and low-intensity (Le., approximately 1 in. in  24 hours) storm 
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events should be large enough to limit sedimentation in the channels, to the 
ex tent possible. 

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

0 The freeboard in the drainage channel should be at least 0.5 ft during the 
design storm event. 

0 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 traffic is limited to 
highway vehicles should be designed for American Association of State 
Highway and Transportation Officials (AASHTO) HS-20 live loads and 
applicable dead loads. 

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 of 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). 

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 
[DOE, 19891 (design consideration). 
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Granular soils should be used as filters and bedding for permanent riprap 
features where necessary to prevent undermining of the riprap (design 
consideration). 

0 Rock grade control structures, if used, should be designed to meet the criteria 
listed in Section 2.8.3 of this DCP (design consideration). 

0 Surface-water runoff from watersheds in the FEMP to the receiving water 
course (e.g., Paddys Run) should be discharged at a rate no greater than the 
predevelopment runoff discharge rate [ODNR, 19961 (design consideration). 

It is noted that surface-water routing and surface-water 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 

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

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

0 The size of the permanent drainage channel should be calculated for each 
contributory drainage area. 

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 
[USDA-SCS, 1975, 1986al; an acceptable tool for performing these calculation is the 
computer program "HydroCADTM Stormwater Modeling System" [Applied 
Microcomputer System, 19931. The above evaluations should be based on information 
and guidance contained in USDA-SCS manuals [ 1985,1986b, 19881. 

In the event that a channel bottom grade is less than 0.5 percent, an analysis should 
be performed to establish that the channel does not clog or build up sediment that will 
cause loss of flow capacity in the design storm event. 
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The erosion resistance crf the permanent drainage channel at the north and east toes 
of the OSDF should be evaluated as follows: I 

0 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; 

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. 
[1987], as described in the DOE Technical Approach Document [I9891 and 
referenced documents; 

determine the potential for erosion of the drainage channel by comparing the 
allowable tractive force on the topsoil to the "effective" 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 [ 19891 and referenced documents. 

2.8.5 Wastewater Management 

Wastewaters that will be encountered in development of the OSDF were identified 
in Section 2.8.1 of this DCP. These wastewaters should be managed as follows. 

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

Zmpacted Runof- Liquid 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. An OMTA will be 
constructed for the staging of impacted material for subsequent disposal in the 
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OSDF. To the extent possible, the. Runoff from these areas should drain to 
surface-water control structures within the former production area storm 
drainage control system (design consideration). Runoff from any staging area 
located within the OSDF battery limit should also be directed to the FEMP 
former production area storm drainage control system if possible, or to other 
on-site wastewater collectiodconveyance points (if necessary) acceptable to 
DOE and OEPA/USEPA (design consideration). Additional discussion of the 
OMTA is presented in Section 2.11 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 FEMP former production area storm drainage 
control system, or to other on-site wastewater collection/conveyance points (if 
necessary) acceptable to DOE and USEPNOEPA. Drainage control structure 
for impacted material haul roads should be designed for the 25-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 storm drainage 
control system), or to other on-site wastewater collection/conveyance points (if 
necessary) acceptable to DOE and OEPAAJSEPA (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 

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

American Concrete Pipe Association, "Concrete Pipe Design Manual", American 
Concrete Pipe Association, Arlington, VA, February, 1970. 
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. Applied Microcomputer Systems, “HydroCADm Stormwater Modeling System“, Version 
3.10, Chocorua, NH, 1993. 

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

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

Femald Environmental Management Project, “Fluor Daniel Femald Safety PerjGomnce 
Requirements Manual”, RM-0021. 

Ohio Department of Natural Resources - Division of Soil and Water Conservation 
(ODNR), “Rainwater and Land Development”, 2nd Edition, 1996. 

Parsons, “2,000- Year Flood and Probable Maximum Flood Sitewide Flood Plain 
Determination”, CERCLARCRA Unit 2, Project Order 148, Fernald Environmental 
Management Project, Rev. A, Fairfield, OH, August 1995a. 

Richardson, E.V., et al.,. “Highways in the River Environment - Hydraulic and 
Environmental Design Considerations, U.S. Department of Transportation, Available from 
Publications Office, Engineering Research Center, Colorado State University, Fort Collins, 
co, 1975. 

Temple, D.M., Robinson, K.M., Ahring, R.M., and Davis, A.G., Stability Design of Grass- 
Lined Open Channels”, U.S. Department of  Agriculture, Agriculture Research Service, 
Agriculture Handbook Number 667,1987. 

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

U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), ”National. 
Emergency Handbook, Section 4 - Hydrology“, U.S. Department of Agriculture, Soil 
Conservation Service, Washington, D.C., 1985. 

U S .  Department of Agriculture-Soil conservation Service (USDA-SCS), “Urban 
Hydrology for Small Watersheds”, Technical Release 55 (TR55), U.S. Department of 
Agriculture, Soil Conservation Service, Washington, D.C., 2nd Edition, 1986a. 
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U.S. Department of Agriculture-Soil Conservation Service (USDA-SCS), Engineering 
Field Manual for Conservation Practices, US. Department of Agriculture, Soil 
Conservation Service, Washington, D.C., 1986b. 

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

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. 

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

US. Department of Energy (DOE), "Technical Approach Document, Revision Ir', 
Uranium Mill Tailings Remedial Action Project, December 1989. 
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tion of State Highway and 
r Design of Pavement Structures 

on Officials (AASHTO), 

Pavement", 1984. 

ation (ODOT), "Location and Design Manual, 
Volume I, Roadway Design", 

State of Ohio, D ation (ODOT), "Construction Materials 

October 1992, Columbus, OH, 1992. 

ement Analysis and Design", Pre all, Inc., New York, NY, 1993. 

\ 2.10 Borrow Area 

2.10.1 General Design Criteria 

The function of the borrow area is to provide soil for construction of the liner and 
final cover systems, and for other earthwork, related to construction, filling, and closure 
of the OSDF. This consists of soil borrow for construction of the compacted clay liner 
and cap, vegetative soil layer, compacted fill, and other earthwork associated with the 
project. The topsoil layer in the borrow area will be removed and stockpiled for later 
use unless it  is determined to be impacted material, in which case it should be disposed 
of in the OSDF in accordance with the Impacted Material Placement Plan (IMP Plan). 
The borrow area for OSDF construction is located in the "East Field" area of the FEW 
property. This borrow area will be developed over a period of time from 7 to 25 years 
(depending on the actual schedule for OSDF construction, filling, and closure), with a 
10-year design life used for planning purposes. After the borrow area is restored, it 
should function with minimal maintenance. 

The borrow area should be developed in a manner that results in efficient utilization 
of the available soils, results in efficient utilization of the natural topography of the 
borrow area to effectively control runon and runoff, provides soils with the engineering 
properties required for the OSDF earthwork components being constructed, and 
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minimizes the costs associated with the development and restoration of the area (design 
considerations). In addition to these requirements, the design of the borrow area should 
consider the requirements described below (design considerations). 

e 

0 

e 

2.10.2 

The borrow area should be laid out in a manner that provides easy ingress and 
egress. 

The area should be developed in a manner that requires minimal additional 
earthwork after borrow activities are complete. to achieve the required 
restoration grades. 

The borrow area should be developed incrementally as soil is needed for 
construction of the OSDF. 

The size of disturbed borrow area should be minimized to the extent possible. 

Interim restoration should be performed progressively as excavation in ,each 
borrow area subarea is completed. 

Erosion and sediment controls should be implemented in the borrow area prior 
to excavation, during borrow activities, and in conjunction with restoration 
activities. 

Specific Criteria 

2.10.2.1 Location of Borrow Area 

A. Design Criteria 

The borrow area should be located in an area having material quantities and 
types sufficient for OSDF construction, filling, and closure (design 
consideration). 

The borrow area should be located within the FEMP property and should not 
encroach on the transmission line, oil pipeline, or other easements (design 
consideration). 
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0 The borrow area should not extend vertically into the gray till except as noted 
in the approved Borrow Area Strategy Report (Fluor Fernald, Inc. 2000). The 
reasons for this are: (i) the efficiency of the borrow area operation will be 
improved by limiting the depth of excavation; and (ii) by limiting the depth of 
excavation, the restored borrow grades will be flatter and restoration of the area 
will be more cost effective. The borrow area should be constructed with 
sufficient final slope to minimize erosion and support final restoration (design 
considerations). 

0 Within the above constraints, the borrow area should be as deep as possible to 
minimize the size of the area (design consideration). 

B. Calculations 

No formal calculation is required for the location of the borrow area. A review of 
past geotechnical investigations and the results of ongoing laboratory testing of borrow 
area soil samples collected in November 1995 should be conducted to assess the 
engineering properties of the material and to predict the suitability of the materials for 
use as compacted clay liner and cap materials, as well as other earthwork components 
of the OSDF, as listed in Section 2.10.1. 

2.10.2.2Layout of Borrow Area 

A. Design Criteria 

0 The borrow area should be laid out to facilitate surface-water management 
throughout the life of the borrow area (design consideration). 

The borrow area should be graded to promote surface-water runoff and prevent 
ponding of surface water (design consideration). 

0 The borrow area should be laid out to avoid interferences with roads, utility 
corridors, easements, etc. (design consideration). 

0 A soil contingency volume (equal to at least 15 percent of the required soil 
bankhnbulked volume based on the design estimate) should be provided in the 
borrow area for possible use in (design consideration): 
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construction of an OSDF contingency cell if disposal volumes are larger 
than anticipated; 

backfilling to subgrade elevations beneath the footprint of the OSDF in the 
event that additional excavation of impacted material is necessary; 

constructing portions of the contouring layer of the cover system and the 
non-granular portion of the protective layer of the liner system with "non- 
impacted" soil; and 

providing material for "seasonal" closure between construction seasons in 
the event that suitable impacted soil is not available for this purpose. 

Intermediate borrow area slopes should be cut at a safe angle'of repose for the 
material (design consideration). 

0 Permanent restored slopes within the borrow area should be no steeper than 
5H: 1 V (design consideration). 

As may be required, design will comply with OSHA requirements, 29 CFR 
1926 Subpart P-Excavations. 

B. Calculations 

A review of previous geotechnical field and laboratory test data, including brown 
till in-situ densities and moisture contents, standard Proctor compaction test results, and 
permeability test results should be made. The results of previous laboratory testing of 
borrow area soil should also be reviewed. The calculations described below should be 
undertaken in support of the design of the borrow area. 

The bankhnbulked volume of borrow soil required to build the earthwork 
components of the OSDF described in 2.10.1 should be calculated. The 
calculation should be conducted using the required compacted earthwork 
volume of on-site borrow material. This required compacted earthwork volume 
should be corrected to account for shrinkagehulking of the borrow soil, the 
possible need for contingency volume, and the removal of the topsoil layer for 
stockpiling and later use as the topsoil layer in the OSDF final cover system. 
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The banldunbulked volume of available borrow soil, as calculated using 
computed-aided design (CAD) techniques, should be verified by hand 
calculation. 

0 The in-situ moisture content of the soil at the borrow area should be compared 
to the anticipated compaction moisture contents for the various earthwork 
components of the OSDF liner and final cover systems to assess the 
construction water demand and/or amount of soil drying required to moisture 
condition the borrow soils. 

2.10.2.3Development of Borrow Area 

A. Design Criteria 

The borrow area should be developed in a manner that produces consistent 
materials for construction of the OSDF and effectively utilizes the existing 
topography to control surface-water runoff and runon (design consideration). 

Requirements for processing of the borrow area soils should be identified 
during design. If possible, such processing should be performed in the borrow 
area or any temporary stockpile area. Such processing could include moisture 
conditioning, blending, screening, or admixture modification (design 
consideration). 

Prior to the start of construction in the borrow area, the following activities 
should be performed (design considerations): 

establishment of temporary surface-water management and erosion and 
sediment controls for the borrow area, including sediment basins; 

establishment of access controls for the borrow area (consistent with the 
requirements of Section 2.9.2.6 of the DCP); and 

establishment of soil processing facilities (if any are needed). 

Prior to the start of borrow area development, topsoil in the area should be 
removed and stockpiled for later use for closure of the OSDF unless it is 
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a .  

determined to be impacted material, in which case it should be disposed in the 
OSDF in accordance with the. IMP Plah (design consideration). 

B. Calculations 

No formal calculations are required for the development of the borrow area. 

2.10.2.4Surface-Water Management for Borrow Area 

A. Design Criteria 

0 Temporary and permanent surface-water control structures for the borrow area 
with the exception of sediment basins, should be designed for the 25-year, 
24-hour storm event (design consideration). Depending on the size of the 
contributory area, sediment basins should be designed for either the IO-year, 
24-hour storm event, or the 25-year, 24-hour storm event [ODNR, 19961. This 
criterion is discussed further later in  this section of the DCP. 

0 Surface-water runoff from the FEMP watersheds to the receiving water course 
(e.g., Paddys Run) should be discharged at a rate no greater than the 
predevelopment runoff discharge rate [ODNR, 19961 (design consideration). 

0 Surface-water runoff should be managed so that, after restoration of the borrow 
area, the effects of erosion of the borrow area ground surface are minimal. 
Long-term erosion of the ground surface in the borrow area must not impact the 
OSDF (design considerations). 

0 Temporary runon control structures should be implemented to minimize runon 
from entering work areas. Such runon should be diverted around work areas 
using diversion dikes or channels as appropriate (design consideration). 

Temporary channels for surface-water runoff should be designed to meet the 
criteria presented in Section 2.8.3 of the DCP (design consideration). 

Permanent channels should be designed to meet the criteria presented in Section 
2.8.4 of the DCP (design consideration). 
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_ _  0 Culverts should be designed to meet the criteria presented in Section 2.8.4 of 
the DCP (design consideration). 

0 Riprap should be designed to meet the criteria presented in Section 2.8.4 of the 
DCP (design consideration). 

0 Sediment basins should meet the following criteria [ODNR, 19961 (design 
considerations). 

The minimum capacity of the sediment basin to the elevation of. the crest of 
the pipe spillway should be 1,800 cubic ft for each acre within the drainage 
area that will be disturbed by construction during the design life of the 
sediment basin. 

The capacity of the pipe spillway should be sufficient to pass the runoff 
from the 2-year, 24-hour storm event. For the FEMP property, this event 
has a rainfall intensity of 2.5 in. [Parsons, 1995a). 

The combination of the principal and emergency spillways should be 
capable of safely discharging the flow from the 10-year, 24-hour storm 
event if the drainage area to the sediment basin is less than or equal to 20 
acres, or the 25-year, 24-hour storm event if the drainage area to the 
sediment basin is greater than 20 acres. 

Consideration should be given to using the permanent Fernald facility main 
entrance road as a containment dike for the surface-water runoff in lieu of 
an emergency spillway. 

If an emergency spillway is implemented, a minimum freeboard of 1 ft 
measured from the peak water elevation in the emergency spillway to the 
top of the embankment, should be provided. 

0 Temporary erosion control measures should include those items described in 
Section 2.8.3 in the DCP (design consideration). 

It is noted that surface-water routing and surface-water 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. 
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B. Calculations 

Calculations should be performed to route the design storm through the borrow 
area for existing conditions and for construction conditions (i.e., during borrow 
activities), and to size sediment basins. The calculations should be performed as 
described below. 

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

0 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. Runodrunoff routing and sediment basin sizing should be 
evaluated using the procedures described i n  USDA-SCS Technical Release 20 and/or 
55 [USDA,SCS, 1975, 1986al; an acceptable tool for performing these calculations is 
the computer program "HydroCADTM Stormwater Modeling System" [Applied 
Microcomputer Systems, 19931. The above evaluations should be based on the 
information and guidance contained in USDA-SCS manuals [ 1985, 1986b, 1987, 19881. 

In the event that a channel bottom grade is less than 0.5 percent, an analysis should 
be performed to establish that the channel does not clog or build up sediment that will 
cause loss of flow capacity in the design storm event. 

2.10.2.5 Restoration 

A. Design Criteria 

The borrow area should be restored in accordance with the approved Borrow Area 
Strategy Report (Fluor Fernald, Inc., 2000) and Borrow Area Management and 
Restoration PZan (GeoS yntec, 2000) to a condition that requires minimal maintenance 
(functional requirement). The borrow area should be restored to a condition that is 
consistent with the geomorphological character of the area surrounding the FEW 
(design consideration). The following criteria should be followed in preparing the 
restoration plan for the borrow area. 
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0 Final grades should be selected that minimize long-term erosion in the area. 
The final grades should not result in erosion that is greater than the calculated 
erosion rate for stabilized slopes in the vicinity of the FEMP that have similar 
grades and similar soil types (design consideration). 

Surface-water runoff from the restored borrow area should be routed as 
indicated in Section 2.10.2.4 (design consideration). 

The restored borrow area should be revegetated with plant species that 
minimize erosion, that can be successfully established given the design final 
grades and soil types, and that are self-propagating in the expected conditions 
of the restored borrow area (design consideration). 

0 The design of the restoration plan should provide for progressive restoration of 
the borrow area, with commencement of restoration in an area as soon as 
borrow activities have been completed. To the extent possible, activities should 
not be performed in portions of the borrow area that have been restored (design 
consideration). 

B. Calculations 

No formal calculations are required for restoration of the borrow area. Procedures 
and materials for establishing permanent vegetation in the borrow area should be 
consistent with those procedures and materials selected for the OSDF final cover system 
(see Section 2.6 of this DCP). 

2.10.3 References 

FEMP property data and information required to design the borrow area 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 the borrow area are given in 
Section 2.8.6 of the DCP. Additional references are as follows: 

Fluor Fernald, Inc. "Borrow Area Strategy Report", Revision 0, Femald, OH, April 2000. 

GeoSyntec Consultants, Inc., "Borrow Area Management and Restoration Plan", Revision 
1 C ,  Atlanta, GA, April 2000. 
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/ Curvenumbersfor \ 
Cover descn-ption ~ m l o g i c  soil grou 

Average percent 

impervious area2 A '@ @' D Cover type and hy&logic condition 

Fully deueloped udan weas [vegeikttiun established) 

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

Poor condition (grass cover c 5090) .............. 
Fair condition (grass cover !io% to 75%). .......... 
Good condition (grass cover =+ 75%) . - -. .f - _ _  . -. 

......................... 

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

Streets and roads: 
(excluding right-or-Way). 

Paved; curbs and storm sewers (excluding . 
right-of-way). . - - - - - ~ - - - - -. - . -.: . - - - - . - -. - - 

Paved; openditches (including right-of-way) -. -. . - 
Gravel (including right-of-way) . - . - - - - . - - -. -. - 
Dirt (including right-of-way) - - - - - - - - - -. -. - -. . 

'Western desert urban areas: 
.Natural desert landscaping (pervious areas odyp ... 
. W i c i a l  desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand e or gravel mulch and basin borde.rs),: __. _ _  - ._ _ _  ___. 
Commercial and business.. __ ...................... 

. 

Urban districts: 

industrial.. .:. ................................... 

118 acre or less (town housed. ..................... 
114 acre ...... 

. 1#acre ................ ;. ........................ 
l/Z acre ......................................... 
l a c  re............,.........-............_......_ 

. 2acres.............. ............................ 

Residential districts by a v e r a b  lot size 

................................ . ~ .  

..  

85 
72 

65 
38 
30 
2 5 .  
20 
12 

98 
83 
76 
72 

63 

96 

89 
81 

77 
61 
57 . 
54 
51 
46 

.c 

77 

98 
89 
85 
82 

77 

96 

92 
88 

85 
75 
72 
70 
68 
65 

98 98 
92 93 

91 

85 88 

flor\i :&g#E-rA-Tm 
- GIisJ4.L -ZR_ 

Newly graded areas (pervious ar& only, 
................................. no vegetationP 

similar to those in table 2-2c). 
Idle lands (CN's are determined using.cover types 

96 

94 
91 

. 90 
'83  

80 
79 
77 

81 : 

96 

95 
93 

92 a '  
8 
85 
84 
82 

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



.. I 

e Table 2-2c.--Hunoff curve numbers for other agricultural lands' 

Curve numbers fer 
Cover description hydrologic soil group- 

Hydrologic 
Cover type' condition A B C D 

7 -  
68 
49 
39 

30 
. _  - - - -'- - 

Pasture, ~-asslanct; or range-continuous 
foiage for grazing.* 

Meadow-continuous grass, protected from 
gi-zing and generally mowed for hay. 

Brush-brush-weed~-ass misture with 48. . 67 77 
35 56 70 
430 48 * 65 

the major element.3 
Good 

a9 
84 
80 

78 . 
_ -  

83 
77 
73 

Woods-grdss combination (orchayd Poor . -  57 73- 82 86 
or tree farm).s . .Pair 43 .65  76 82 

c o d  32 58 72 79 

Woods" Poor 
Fair 

45 66 TI 83 
36 60 73 79 
430 55 70 77 

59 @ @, :. . 86 2- - -3 

. _  

Farmsteads-buildings, lanes, driveways, 
-I-- 

. . .-and surrounding lots. 
I 1 

'Avenge runoff condition. and I, = 0:S. - .  

000283 
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F.’ 5 3 1 8  
GEOSYNTEC CONSULTANTS PAGE 97 OF 349 
Written by: Victoria Cheulak WSC) Date 12/19/03 Reviewed by: Date: 

Client: Fluor Fernald, Inc  Projeck OSDF Phase V Revision Project No.: GO3211 Task No.:= 

ATTACHMENT A-8 

NODAL NETWORK DIAGRAMS 

F033oO30- 100% 
I- -- 1/23/2003- 

000284 



-+ 

I 

h 

. +- 531 a 

Drainage Diagram for East OSDF 
Prepared by GeoSyntec Consultants 10/17/2003 

HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 
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PHASE V 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 V 

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. 

HYDROLOGIC AND BASIN ROUTING ANALYSES [HydroCadTM, 20011 0 Subcatchment Runoff 

For both design scenarios and both design cases, the relationships of subcatchments, reaches, 

and basins 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 Femald site. The rainfall depths for use in these analyses are listed below. 

000292 
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Return Period 
(years) 

2 

10 

25 

100 

Rainfall Depth 
(inches) 

2.6 

4.1 

4.7 

5.6 

5 3 1 6  

Runoflcurve numbers 

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

are tabulated for each design scenario and design case in Attachment B-3. Data includes the 

percentage of subcatchment area for combinations of HSG, CN, and land use for each 

subcatchment. 

Subcatchment Time of Concentration 

Subcatchment characteristics for calculation of time of concentration are tabulated in 

Attachment B-4. Parameters include those for sheet, shallow concentrated, pipe, 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 coefficients for annular CMP, RCP, PVC, CMPA and HDPE 

culverts are selected as 0.024, 0.013, 0.010, 0.018, and 0.010 respectively. For new culverts, 

which will be helically corrugated CMP, a Manning’s roughness coefficient of 0.017, 0.018, 

000293 
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@ 0.019, and 0.020 for equivalent diameters of 30, 36, 42, and 48 inches, respectively are selected 

[American Iron and Steel Institute, 19941. 

Sedimentation Basins 
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 

0 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 

OSDF Basin 2 Emergency Spillway 

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

Borrow Area Sedimentation Basin Emergency Spillway 

0 Type, shape = broad crested weir, rectangular (approximation) 
0 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 

Channels 
Data for channel segments are obtained from the Construction Drawings and are presented in 

Attachment B-5. The Manning’s roughness coefficient for all channels (grass-lined) is selected 

as 0.030 [Chow, 19591. 

000294 
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@ Culverts 

Input data for culverts includes: (i) physical characteristics; (3) 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 or Fluor Fernald personnel; 

(iii) existing maps showing topography and features; (iv) optical survey; and (v) site utility plans. 

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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2 

5 

10 

25 

50 

100 

500 

2000 

1Q,000 

100,000 

- 
TABLE 1 - RAINFALL 0 ~ ~ ~ i - i  FOR A GIVEN DURATION . - _. ..- 

(INCHES) 

5MIN I 15MIN I 60MIN 

0.979 

0.564 1.139 

~ 

0.78 

0.93 2.1 4.3 

1.2 .?.6 .. . . 5.8 

1.4 

1.9 

TIME 

DESIGN OF SMALL DAMS HMR-51 

. .  

NOTE: Rainfall Points for 2.5, and 10 year rainfall events were adjusted per TP-40. Values for the 
500,2000, and 10,000 Year Events were interpolated from.Figure 3 (Appendix E) 

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

Reference: Parsons, "2,000-Year Flood and Probable Maximum Flood, Sitewide 
flood Plan Determination", August 1995. 
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SUBCATCHMENT AREA AND HYDRoCADm INPUT PARAhETERS FOR THE CALCULATION OF 
WEIGHTED CN 

E& OSDFGmslndon DedgnSmmio 

A 

B 

C 

D 

E 

F 

G 

HR 

m 

IR 

KIR 

m 

L 

H 

N 

0 

P 

Q 

R 

S 

m 
U 

V 

W 

X 

Y 

z 

M 

BB 

cc 
DDR 

EE 

rn 

GGI( 

HH 

0 

I1 

KK 

U 

MM 

NN 

a, 

w 
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SUBCATCHMENT AREA AND HYDRO CAD^ INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

West OSDF Construction Design Scenario 

CN 

83 

83 

83 

83 

89 

89 

89 

89 

89 
I9 

79 

82 

82 

79 
89 

82 

79 

82 

98 

82 

82 

79 

. 

Weighted 
CN 

d 
P 
0 
E 
Y) 

.- 
d 

a 

- $  
2 
E 

0 
.- 

8 
e 
P 

d 
B = 

0 

rn 1 

G 

A 
- 

. 2  .- 
d 

5 
M 

Land Use 
Description 

LR 2.29 

MR 0.68 

N 1.04 

0 2.25 

PI R 0.67 

P2R 0.21 

QN 0.13 

vegetated final cover 

vegetated final cover 

vegetated final cover 

vegetated final cover 

unvegetated final cover 

unvegetated final cover 

unvegetated final cover 

unvegetated final cover 

unvegetated final cover 
runon north of borrow area 

100% C 

100% C 

loOsr0 C 

I W O  NIA 

100% C 

100% C 

100% C 

runon north of borrow area 

construction laydown 

construction laydown 

runon north of borrow area 
unvegetated final cover 

construction laydown 

runon north of borrow area 

construction laydown 

direct runon to pond 

construction laydown 

construction laydown 

runon north of borrow area 

N/A - Not Applicable 

Section E West Attachmentdrev E3 West OSDF 
$00304 



SUBCATCHMENT AREA AND HYDROCADm INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

West OSDF Post Development Design Scenario 

runon north of borrow area 

N 1.04 10070 C grass area 74 

0 2.25 1W NIA direct runon to pond 98 

PIR 0.67 100% C grass area 14 

P2R 0.21 1 W O  C grass area 14 

QN 0.13 loosb C tunon north of borrow area 19 
VA - Not Applicable 

Section B West AttachmenWrev 83 West OSDF PD 000305 
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SUBCATCHMENT AREA AND HYDRO CAD^ INPUT PARAMETERS FOR TKE CALCULATION OF . 

WEIGHTED CN 
Design Case "A" 

Subcatchment 

Label 

A 

B 

'C 

D 

- 

Area PaanC 

ofTotal Arra 

(-1 8 

1.93 100% 

0.88 100% 

0.71 loo& 

0.65 100% 

Blc 

C 

C 

C 

C 

C 

C 

I QJ HSG Land Use 

m ha NnOUl 

a2 conmudion lav;iown 

. 82 constmaion laydown 

82 construction laydown 

82 construction laydown 

82 construction laydown 

. .  

82 . . . . .. .. . construction laydown 

.E. 

F 

: G  

H 

1.29 10046 

0.34 100% 

1.86 100% 

0.65 60% 

40% 

8 attachmentdB DC A 

C I construction laydown 

98 

82 
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SUBCATCHMENT AREA AND HYDROCADm DMJ" PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

,e 
NIA - Not Applicable 

DCB Attachment Tables/B3 DCB 
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SUBCATCHMENT AREA AND HYDROCADTM INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 
Design Case "C" 

N/A - Not Applicable 

. .  e . . _  

J 

DCC Attachment TabledB3 DCC 
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ATTACHMENT B-4 

DATA FOR CALCULATION OF TIME OF CONCENTRATION 



HYDROCAD" INPUT PARAMETERS FOR THE CALCULATION OF TmiE OF CONCENTRATION 
EA= OSDF PO= DEVELOPhfENT DESIGN SCENARIO 



HYDROCADm INPUT PARAMETERS FOR THE CALCULATION OF IWfE OF CONCENTRATION 
EAST OSDF CONSTRUCTION DESIGN SCENARIO 

A 

B 

C 

- 
- 
- 

en 

(3u15: SHORT 

D 

E 

F 

- 
- 

OmOD GR*Js: SHORT 0.lW 

0.MW GIuss:sHoRT 0.150 0.lW 

GRASS: SHORT 0.lm 

-SHORT 0 . m  o.lm 

S M m  

,~ 

0.0100 

o m  . 

n 

M - 
1 - 1  I -  

1 - 1 . 1 .  
350 

0.0160 . 1 - 1 - 1 -  
0.0140 . 

1 . 1  1 . 1 . 1 .  
1 . 1 -  
1 . 1 .  -:SHORT I 0.150 0 . l n o I  - I : I - I . I . 7 

(3u15: SHORT 

(3u15: SHORT 

o m s o l  . I . I . I - I . ) 
0- 

0 . w  . 

510 

~ 

GRAsSHoiTI 0.150 

m 9 H 1 R T  0.150 

290 

I50 

- 
m 

800311 



a HYDRO CAD^ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
WEST OSDF CONSIRUCIION DESIGN SCENARIO 

~ 

0.150 

0.150 
- 
- 

W: SHORT GRASS: SllORT 

0.150 

OUI I 

SMOOTH 0 0 1 1  00530 50 SMOOTH 

SMOOTH OD11 O W W  55 SMOOTH 

SMOOTH I 0.011 I O M 0 0  I 55 1 SMOOTH 0011 0.1~03 150 SMOOM 0.011 0.1610 1x0 UNPAVED o.1100 30 IWAVED 03300 

270 UNPAVED o.16m m WAVED 0.0161 SMOOTH OD11 0.1670 . 

-SHORT I 0.150 I onim I . I 
GRMS:MoRT 0.150 0.1670 . 
CRASSSHORT 0.150 orvn . 

SMOOTH 0.011 0.lmO I50 SMOOTH 0.011 
I I I I 

GRASSSHORT 0.150 0.0167 . 
GRASSSHORT 0.150 0.C98Y . 
CRAWSHORT 0.150 0- . 

1 - 1 - 1 - 1  

000312 
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HYDRO CAD^ mwr PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 

WEST OSDF POST DEVELOPMENT DESlGN SCENARIO 

800313 
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HYDRO CAD^ INPUT PARAMEI-ERS FOR THE CALCULA~ON OF TIME OF CONCENTRATION 
DESIGN CASE "A" 

26b auo I aow t - 

0.3750 

also- oms 

.. 

. _ .  . . .. 

: . 

. .  

000314 

. .  
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- 5 3 1 %  

H 

I 

J 

K 

L 

M 

HYDRO CAD^ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENI-RATION 
DESIGN CASE "B" 

-WONSWeMn 93 GLUSSHORT 0.150 011121 . 
mmm 1% cRAss:sHoRT 0.1% 05340 . - 116 UNPAVED 0.0040 

-WTlOXN)pan 1%  SHORT 0.1~0 omm . - 169 UNPAVED oaim . 
yEcETAsm~NCOVO( 90 SMOOTH 0011 O M m  W S M D D M  0.011 0.lCQl IS0 SMOOTH 0.011 0.17m @3 UNPAVED 0.l700 

VEXUlEDFlNNO2- 1 1 0  GRASS:SHORT 0.150 OD200 - 
o YEGETAlEDFlYALWYa 50 SMODTH 0.011 0.lW - 450 I .m 

I -  
311611 0.030 ON45 . . 

000315 



HYDR~CAD~ WFWT PARAMETERSFOR THE CALCIJLA~ON OF TIME OF C O N ~ T I O N  
DESlCN CASE "C" 

. .  . .. 
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ATTACHMENT B-5 

CHANNEL INPUT DATA 



) n~ 
i n +  . 0 1  

> o o <  
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> o o <  
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IXX 
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- 
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ATTACHMENT €5-6 

CULVERT INPUT DATA 



OSDF CONSTRUCl'ION/FILLING PERIOD CONDITION 
SUMMARY OF CULVERT DESIGN PARAMETERS 

I I CULVERTMASIER~ MODELING I I 
OUTLFI PROTECTION STRUCTURAL CAPACITY HYDRAULIC CAPACITY CULVERT lDFNnnCAIION I PHYSICAL CHARAlXERKTICs OF CULVERT CULVERT PROFILE 

WOSDF 

WOSDF 

WOSDF 

w OSDF 
WOSDF 

WOSDF 

WOSDF 

J J 

&lid CMP 0.9 0.024 -8 I-42inm 95 560.68 

cMp 0.9 0.024 -8 I - 4 2 a  82 snm 
0.013 C m C r a c M  1 -34xS3incb 2% 574.96 

RCP 02 0.013 Cmaaetkaddl 2-36-  30 572.12 

WdCMp 0.9 0.018 - I-18incb sa 578.08 

RCP-Hcrirmlal 
Dligt o,2 

RC? 0.2 0.013 -8 2-IS inm U S79.67 

RCP 0.2 0.013 I -8 I 1-24inm 49 ns.01 

S79.98 0.0737 .w34 -6 09 I - 4 2 . d  SISS.45 

snz 0 . m  .wn -8 0.9 I-42im-b 7ARlS796 

573.54 0.00693 .Wxm --HCSJ%aIl 02 l-34xS3inm xRlS8.08 

2-36inm IBR18121 572.00 0.0 sn.m Gm0K-madWa.u 02 

I - I8  k b  9BRI 13.09 576.00 O.(m61 58S.a) -8 0 9  

2 -  IS incb IOBR19.65 

sn.81 0.0~12 ~13.65 02 1 - 2 4 s  llRl19.28 

1nrmlirna0ykn blmt ISalwEScd b IbccrlcolgiooxaicQ 
57952 0.oOyI S81.92 Gmurr-pmpcling 02 

000321 



ZULVERT IDENTIFICATION PHYSICAL CHARACTERISTICS OF CULVERT OUTLET PROTECTION 

Intentionally left blank. Is adressed in the calculation section. 

Culvert Design 
Status“) Srenario Name 

I la  existing E OSDF 
1 Ib existing EOSDF 

23 M W  EOSDF 
25 new E OSDF 
27 new E OSDF 

Penaanent proteaion DCP Minimum Apron 
Length Temporary Protection 

HydroCadNode Outlet . Number Of Approximate 
Material -Type Manning’s n Culverts - 

Diameter Lengthat Longthat Lengtbat Lcngthat Lengthat Lengthat (in) 
(fus) ldet Outlet lnlet Outlet lnlet Outlet 

(’) Rate 

(’) (It) C‘) (ft) (A) (R) 
HDPE 0.0 IO 2 - 27 inch 40 

RCP 0.013 I -3Oinch 40 
’ llR179.26 

, Helical CMP 0.018 2 - 36 inch 92 23 148.76 

Helical CMP - Arch 0.018 2 - 42 x 29 inch 53 25 164.24 
Helical CMP- Arch 0.01 8 2 - 42 x 29 inch 106 n 165.00 

~ 

28R 

31 

12 I M W  I WOSDF I RCP I 0.013 I 1 -3Oinch I I05 I 12132.49 
11 I “PW I WOSDF I RCP I n n i i  I 1 - lainch 1 I20 I 1315.73 

E OSDF Helical CMP - Arch 0.019 2 - 49 x 33 inch I40 28R 177.19 new - 
temporary 
existing EOSDF HDPE 0.0 I2 I - 27 inch 80 31 16.54 

___. . -. .< .. 
14 I existing I WOSDF I CMP 0.024 1 - 50 x 31 inch 112 1413.20 

I 15Nl0.46 1 5 ~  I pxictinp I w OSDF I HDPE I 0.010 I 1 -Itinch I 55 

W OSDF Helical CMP 0.024 1 - 42 inch 95 new - 
temporary 

7AR new W OSDF CMP 0.024 I - 42 inch 82 

7CR existing W OSDF RCP - Horizontal Ellipse 0.01 3 I - 34 x 53 inch 2% 

Intentionally left blank. Is adressed in the calculation section. 

5 155.45 

7AR 157.96 

7CR 158.08 

lotentionally left b h k  Is adressed in the calculation section. 

8BR 
9BR 
1 OBR 
1 IR  

I I 
existing WOSDF RCP 0.013 2 - 36 inch 30 8BRI 81.21 
. W W  W OSDF Helical CMP 0.018 I -18inch 88 9BR I 13.09 

W W  W OSDF RCP 0.01 3 2-15inch 44 IOBR 19.65 
M W  W OSDF RCP 0.013 I - 24 inch 49 I 1R I 19.28 

DCA 

DCA 

DCA 

DCA 

existing- 
temporary 
existing - 
temp0r;Uy 
existing- 

mw- 

- E OSDF = East OSDF CcmSNCtior~-PhaSe Design S-0 
- W OSDF = West OSDF Conseuaimphase Design Scenario 
- DC A = Design- ‘A” 
-DCB=Design Case?. 
- NfA = Not Applicabk 
- & = Avmge particle d i m  

~ ~ _ _ ~  

CMPA - Arch 0.018 1 - 13 x 17 inch 80 112.02 

PVC 0.010 2-18inch 55 318.41 

PVC 0.010 2-18inch 60 41 1.90 

Helical CMP 0.017 2-3OIacb 49 8 124.73 

East 8 West Section B AltachmenWrev B6 RR 

DCB new- 
7 

000322 

HelicalCMP-Arch 0.019 2 - 49 x 33 inch 65 7 164.43 Inrationally left blank Is adressed in thecalarlatiw seetion 

DCC Helical CMP 0.9 1-42incb 95 5145.14 lntultiooallyIdtManh IsaddrrssedintJlecalculatiwseaion 
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ATTACHMENT B-7 

BASIN ELEVATION CONTOURS DATA 

F033OO30- 100% 
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STAGE-STORAGE INPUT DATA FOR SEDIMENTATION BASIN 

Elevation 
(ft MSL) 

570.0 

57 I .O 

572.0 

573.0 

574.0 

575.0 

Planimeter& Area 
(acres) 

6.391 

. 6.687 

7.017 

7.290 

7.613 

7.92 1 

. .... 
. .  

B attachmentdB7 BA 
000324 



. .  . ,  . I  

(ft MSL) 

5705 

571.0 

572.0 

573.0 

574.0 

575.0 

.576.0 
577.0. 

STAGESTORAGE INPUT DATA FOR SEDIMENTATION BASIN 

(acres) 

1.460 

1512 

1.614 

1.713 

1.819 
1.917 

2.026 
2.162 

I OSDF SEDIMENTATION BASIN 2 

I . Elevation I Planimetered Area 

. .  

. .  

. .  
. .  . 

B a&chrnents/B7 OSDFZ. 
.. 

5 3  18- 

. _  .. . 

008325 
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ATTACHMENT B-8 

BASIN OUTLET STRUCTURE DATA 

i- -- 
1 /23 /2003-1  
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PHASE V 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 revised 

Phase V 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 construction and the post-development phases of 

both the East OSDF and the West OSDF design scenarios and for the construction phase of 

Design Cases “A”, “B”, and “C”. For each design scenario (i.e., West OSDF and East OSDF 

Design Scenarios) and design case (i.e., Design Cases “A”, “B”, and “C”), a nodal network is 

prepared, for a total of five nodal networks. For the East OSDF Construction Phase Design 

Scenario, a HydroCADm run is performed for the 25-year, 24-hour storm event. For the West 

OSDF Construction Phase Design Scenario, HydroCADm runs are performed for the 10-year, 

25-year, and 100-year, 24-hour storm events. For both the East and West OSDF Post- 

Development Design Scenario, HydroCADm runs are performed for the 2-year 24-hour and the 

25-year 24-hour storm events. For each Design Case, “A”, “B”, and “C”, a HydroCADm run is 

performed for the 25-year, 24-hour storm event. In total, 11 runs are performed. HydroCADm 

output reports for these runs are presented in Attachments C-lA, C-lB, C-IC, C-lD, C1-E, C1-F 

and C-1G for the East OSDF Construction Phase, West OSDF Construction Phase, East OSDF 

0 

- 

000329 
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0 Post-Development, West OSDF Post-Development Design Scenarios, Design Case “A’,, Design 

Case “B’,, and Design Case “c”, respectively. 

Subcatchment Runoff 

Runoncurve 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. 

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

0 

For evaluating sedimentation potential in permanent channels: 2-year7 24-hour 

For channels: 25-year7 24-hour peak flow rates (cfs). 

velocities (fps). 

For culverts: 25-year7 24-hour peak flow rates (cfs). 

For the OSDF Basin 2: 25-year and 100-year, 24-hour peak water elevations (ft 
MSL), and 10-year, 24-hour runoff volumes (acre-ft). 
For the Borrow Area Basin: 25-year7 24-hour peak water elevations (ft MSL). 

0 

Channels 

Hydraulic Capacity 

For each new and existing channel, peak flow depths are calculated using a computer 

spreadsheet. The peak flow depth is subtracted from the minimum available depth (from 

Construction Drawings) to obtain the minimum available freeboard. A computer spreadsheet is 

presented in Attachment C-3 that includes minimum available freeboard and example 

calculations for the computations performed in the spreadsheets. For both new and existing 

channels, the minimum available freeboard is equal or greater than 0.5 ft with only one 

exception. For the exception, the channel has 0.3 ft of freeboard. However, if this channel were 

to overflow, the water would be contained and routed back into the channel by the existing 

ground topography. 

a -- i- 

1/23/2003- 
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For each channel, peak flow velocity is calculated using a computer spreadsheet. Peak flow 

velocities and channel linings are presented for each channel in Attachment C-3. All grass-lined 

channels maintain flow velocities less than 5 fps. Two channels convey flow at velocities greater 

than 5 f p s .  These two channels are: (i) the channel just upstream of the OSDF Basin 2, labeled as 

“8CR’ in the HydroCADTM model and West OSDF Design Scenario, which has a maximum 

flow velocity of 6.45 fps; and (ii) the runoff channel located on the northern end of the west side 

of Cell 8, labeled as “1OAR” in the HydroCADm model and West OSDF Design Scenario, 

which has a maximum flow velocity of 5.21 fps. Both of these channels require and are designed 

with riprap lining. 

Sedimentation 

For each permanent channel, hydrology results for post-closure conditions and the 25-year 

24-hour storm event are calculated for use in the Phase V calculation “Sedimentation Evaluation 

of Permanent Drainage Channels for High Frequency Design Storms”. These results are 

provided as part of HydroCmm output reports presented in Attachments C-1C and C-1D. 0 
Culverts 

Hydraulic Capacity 

For each culvert, peak flow rates are obtained from HydroCmTM 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 

Attachment C-4A. Calculated headwater elevations and overtopping elevations are tabulated and 

presented in Attachment C-4B. For all new and existing culverts, the overtopping elevation 

exceeds the maximum calculated headwater elevation by at least 0.5 feet. 

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. 

Downstream riprap length for the outlet of new culverts 23,25,27, and 28 from the East OSDF 

Design Scenario are 12 ft, 0 ft, 14 ft, and 16 f t  respectively. Upstream riprap length for the inlet 

F0330030-100% 1/23/2003’ 
i- 
m- 
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of new culverts 23,25,27, and 28 from the East OSDF Design Scenario are 6 ft, 0 ft, 7 ft, and 8 

ft respectively. Downstream riprap length for the outlet of new culverts 5, 7AR, 9BR, IOBR, 

1 lR, 12, and 13 from the West OSDF Design Scenario are 14 ft, 12 ft, 6 ft, 5 ft, 8 ft, 10 ft, and 6 

ft respectively. Upstream riprap length for the inlet of new culverts 5, 7AR, 9BR, IOBR, 11R, 

12, and 13 from the West OSDF Design Scenario are 7 ft, , 6 ft, 3 ft, 2.5 ft, 4 ft, 5 ft, and 3 ft 

respectively. Riprap lengths for new temporary culvert 8 from Design Case “A” are 10 ft 

downstream and 5 ft upstream. Riprap lengths for new temporary culvert 7 from Design Case 

“B” are 16 ft downstream and 8 ft upstream. Riprap lengths for new temporary culvert 5 from 

Design Case “C” correspond to those of culvert 5 in the West OSDF Design Scenario, i.e. 14 ft 

upstream and 7 ft downstream. 

Structural Stability 

For each new CMP culvert, minimum required and available cover are tabulated and 

presented in Attachment C-4B. For each new culvert, the available cover exceeds the minimum 

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

Sedimentation Basins e 
OSDF Basin 2 

The required storage volume based on the 10-year, 24-hour storm event is obtained from 

HydroCADm output. In addition, the required storage based on total upstream drainage area is 

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

volume exceeds both of the required storage volumes. Analysis results are tabulated and 

presented in Attachment C-5. 

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

HydroCADm 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. 

F0330030-100% 
i- 
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Borrow Area Sedimentation Basin 

The minimum required storage volume based on the total upstream drainage area is 

The available storage 

Analysis results are tabulated and 

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

volume exceeds the minimum required storage volume. 

presented in Attachment C-5. 

The peak water elevation in the emergency spillway for the 25-year, 24-hour storm event 

allows in excess of 1 ft of freeboard from the minimum embankment crest elevation. 

Post-Development Sedimentation Basin Discharges 

The post-development outflow from the 25-year, 24-hour storm event for the OSDF 

Sedimentation Basin 2 is 0 cfs. In addition, the post-development outflow from the 25-year, 24- 

hour storm event for the Borrow Area Sedimentation Basin is 0 cfs. HydroCADm output reports 

for these runs are presented in Attachments C-1C and C-ID for the East OSDF Post- 

Development (for the Borrow Area Sedimentation Basin) and West OSDF Post-Development 

(for the OSDF Sedimentation Basin 2) Design Scenarios, respectively. 0 

F0330030,100% 
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ATTACHMENT C 

HydroCADm OUTPUT REPORTS 
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ATTACHMENT C-1A 

HydroCADm OUTPUT REPORTS 

EAST OSDF CONSTRUCTION-PHASE DESIGN SCENARIO 

F033oO30- 100% 
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EAST OSDF CONSTRUCTION-PHASE DESIGN SCENARIO 
25-YEAR, 24-HOUR STORM EVENT 

F0330030~100% 
a 

i- -- 1/23/2003- 
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East OSOF Typa I/ 24hr RahfaU=4.70' . 

nvmoCAwD6.W ahOOO929 01888200lAoppOedtAnaanpderSyrtems 
Prepared by GeoSynlec Consultants 

Reach3:eastdrelnagechaMtl 

page 4 

Inflow= 40.77 ds 3.241 af 
Len- 420.W Max Veb 3.3 Ips Capacity.. 1.563.61 d s  Outnow= 39.76 d s  3.234 al 

lnmU--3.76& 0.162af 
Lengm.1M.U MaxVk4.5Ips Qpxily=l,lOl.l2ds oumah3.72ds 0.182al 

Inflow= 53.10 cls 4.461 at 
Lengllw420.U M a x V e t S f p s  Capacilys1.108.53ds oumOrV=52.07cls 4.451 af 

Reach 3R: (new node) 

Reach4eastdralnagechannel 

ReachSeast&%t9@3dgnnel lnfh=63.69cls 5669al 
~ U 0 . U  M a x V k 3 5 r p s  capacnv;lsvscts oumoI*5626¶ds 5.656al 

Rekh6ea?ddralnagedgnnel hflar. 7328 ds 6.935 af 
L@ 480.0' Max VeC 4.6 fw '&paclp 25821 ds Cullkw= 72.48 ds 6.823 af 

ReaChmnmd(anrebnchannel k m - ? 5 2 4 d s  8258al 
lDnpnp4W.U MaXVe!=4.7fp Capac+1,83224& CdGw=7454cls 6244al 

RsachBA:~&-@dOl lchamal  htlan75.w)ds 8.964 el 
LengLb22U.U MaxVBb3.1fps Capac+1.597.49ds OuUb-7523ds 6.834af 

Reach9R:nmoffdhdOTlchamal Ln(bh75.75cls 9.183al 
lan5k120.U Maxveb3srps ~ - 4 s z s s C i s  -75.46- 8.leaaf 

km- 75.94 cb, 9.452 af Reach l o r n  (nar nab) 
LfqZk365.0 MaxVeJ-3.4tpS capsdy-iE4E.lOds O~d%m=~7521ds 9.mal 

Rmh 10BR n m o n s v e r r f o n ~ l  lnROh7BBIds 10283al 
lDnpnp17911 MaxVebZ.9Bfps caPaeify.202.01ds CdGw=78.47cls 102511d 

Inoov= 7928 h 10.728 at Reach 11: nacMParch 
~ 4 0 . U  MaxVeb67Ips Capac+52231ds armone79rnlcls 10.728af 

Inoov= 7921 cls 10.728 al 
Lengtbz4o.a ~ a x v e t 3 . 7 1 ~ 3  ~apac+317.ncls ouma-mmcls 10.713al 

lnflovh 144.80 cls 20.681 al 
Length 45011 Max Veh 4.3 Ips capacitr 346.63 d s  OUtAorn 143.76 ds 20830 al 

lrdbw=052ds 0 . m a t  
Len@=420.U MaxVkO.9fps capadpp2270ds oumahO3Bds O m S a f  

k m - 3 P c l s  0.1Waf 
L81Wb420.U UaxVeblBtps Capacnr61B2ds -282cls 0.1Wal 

km- 9.78 cls 0.664 al 

ReachlzRnmotldhrersbnchannel 

Read113Rnmaffdhrerabndgnnel 

Reach14:east~mchannel 

Reach15eastnnmd1and 

R m h l B C W d M m ~  
Lenpdr; 420.U Max Veb 2 5  Ips capasffy.. 25658 d s  oum3w= 8.33 cis 0.661 af 

008337 



pond ll? (new node) 

E& OSDF 
Prepared by GeoSyntec Consultants 
HydmCACI@J 6.00 5% m929 0 1986-2001 Appned Minoamputer Wems 

Type I/ 2dhr Rainfak4.70. 
Page 7 

lllsRoo4 

Subcatchment k vegetated final cover system 

Runoff = 6.81 ds0 12.10hn. Vdums. 0.473d 

Runoff by SCS TR-20 method. UH-SCS. lime Sp- 0.0024.00 hrs. db 0.05 hrs 
Type II 24-hr Remfalbl.7v 

Area(ec) CN Dasdp uon 
1.964 63 

TC "r"" "FL ""3 Desuation 
(mhr) (eet) [ ) ( ) [ ) 

8 9  90 0.05oO 0.2 skml Flow, 

3.8 60 0.1000 0.3 sheet *. 
6.4 150 0.1700 0.4 sheel Flow. 

0 2  80 0.1700 6.6 ~~~, 

Grass:Shw n=O.150 P2=2W 

Grass:Shw m0.150 p252W 

Grass:shat n=0.150 P2=2W 

LhwNed Kv= 16.1 rpl 
173 380 TOW 

Subcatchment k vegetated final cover system 

East OSDF 
Prepared by GeoSyntec Consultants 
HV~OCAW 8.00 5% mlm, o 1 oa6zmi mned h + i i p u t e r  svstems 

Page 8 
1nmooq 

Subcatchment Ak Nnon area east of OSDF 

Runoff = 6.97ds (D 12.10hs. Volume= 0.476al 

Runoff by SCS TFI-20 method. UH=SCS, Tlme Span= 0.00.24.00 hrs. db 0.05 hrs 
Type II 24-hr Rainfalld.7W 

Arealac) CN Descriptlm 
2.708 74 

Tc Lenglh slope Velaity Capacity Desalption 
@Ill) Peel) [rn) ((tlsec) (ds) 
15.0 300 0.08W 0.3 sheetFbR. 

0.6 170 0.08oO 4.6 shaoowconcentrabrdFlnr. 
Grs+nShW n=O.lW P2=26(r 

Unpaved Kv=18.1@ 

BotW=O.oO k2.W Z=3.07 mO.a30 
1 2  300 0.0070 4.0 48.01 TrapNeelReclChandROrv, 

16.6 770 T d  

subcafchment Ak NtKn ead Of 

000338 



Clan& mo.150 p22w 

~dw=o.m ~ . w  ~ 6 . 0 a z o - r  n=o.m 
3.6 450 0.0045 21  9.75 TrsprveelRsachsmlRa, 

6 2  500 TOM 

Tvps /I 244u Ralnfak4.70. 
Page 11 

lllsnooq 
Prepared by GeoSynIec Consultants 
HydmcAaB6.m sln OOO928 0 1986-2001 M s d  Miaommpvler S v s t m  

Subcatchment C vegetated final cow 

RWlOfl I 16.37dsO 12.13hm. Votume5 1255ef 

R m f l  by SCS TR-20 method. UH=SCS. Tm  spa^= 0.00-24.00 hm. dl= 0.05 hm 
Type II 24-h RaWaU4.7W 

Area(ac) CN DeJdption 
5209 83 

Tc L- Slopa Velocity CapacHy Desz@Um 

6.9 90 0.05oO 0 2  sheet-. 

3.8 60 0.1WO 0.3 --. 
6.4 150 0.1700 0.4 shea-. 

0.4 170 0.1700 6.6 ShanaConcantratsdRow. 

Imln) (leet) (MI) (Wsec) Ids) 

Grars:shor( mO.150 F%2W 

Grass:short n.O.150 ph2.W 

(jrass:short mo.150 n.2.w 

Unpaved Kv= 16.1 rpS 

BotW=O.o(y D=l.W Z= 6.0 8 4.0'f n= 0.W 
3.2 400 0.0045 21 10.88 TrqNee~RectchammlFIon. 

20.7 870 Total 

subcatchment C W g e M d  final cover 

O 

Tvpe I/ 24hr R a i n W .  70' 
Page 12 

East OSDF 
Prepared by GeoSyntec Consultants 
liwhuCADt3B.m Ynooo829 0 1 8 8 6 2 0 0 1 M M a o a m ~ e r S y s l m a  

111- 

Subcatchment CC: nmon east of OSDF 

Rwofl = 0.52cfs (D 11.98hm. Volume= 0.026af 

RunOfl bv SCS TA-20 meuloQ UKSCS. Tkm Span= 0.00-24.00 Ius. d k  0.05 ius 
Type II 24hr Rainfab4.7W 

Area@) CN DasdpIh 
0.121 79 

Tc Length Slope Velodty capcay Desdptbn 
(rnln) (leer) (nnl) (fvsec) (&) 

6.7 110 0.08oO 0.3 E:% n=oo.15O e 2 w  

Subcatehmnl C C  ninon east of OSDF 

800339 



6.4 150 0.1700 0.4 shea -* 

0.4 170 0.1700 6.6 ShalkvconsamatedRo*r. 
Qass:shar n=o.150 -26Y 

Unpaved K=I&lfps 

&CW=O.W 0429' t 5 . 0 & 3 . 0 ' f  n=O.mO 
1.7 250 0.0045 24 16.16 TrSpNeelRktQlaMelFla. 

0.9 150 O.Oo50 29 25.90 TrqNeeiRncIolwnelRo*. 
~ o l . w ~ . o u  ~ 1 . w  ~ 4 . o a  3 . o ~  ~=o.am 

20.1 870 Total 

I8 
17 
18 
15 
14 
13 
11 

:: 
b g  l i e  

1 

subcatchment D: vegemed final cover 
Hydmgraph- 

, 1 2  3 4 5 6 7 8 9 1 0 I 1 1 2 1 3 1 4 1 5 1 8 1 7 1 b 1 9 ~ ~ ~ ~ 2 4  

3 

East OSDF 
Prepared by GeoSynlec Consultants 
~ v d m ~ m t j . ~  sm~0929 e i s c s m i  nppoed~uocompulersvstems 

Type I1 24hr Ralnfaa=4.7W 
Page 15 

111 8Roo4 

subcatdunent E vegetated flnal cover 

Rlmoft = 16.48ds O 12.12hrs. V O ~ U ~ E  1227af 

M by scs m-x) athod uti=scs. Tim span= 0.0024.00 hrs. a= 0.m hrs 
Type 11 2441 RsinlaQ1.70' 

Area(ac) CN D e s c M  
5.092 83 

Tc S k g  V z  -&V 
.(lTdn) ( 1  ( ) (  I 0 

6.9 90 0.05oO 02 sheet w, 
3.8 60 0.1OOO 0.3 sheel Rorr. 

6.4 150 0.1700 0.4 shea Rorr. 

0.4 170 0.1700 8.8 shaoow caverdraled Flow, 

Gnissshnl n=o.150 -26Y 

(jrassrshon n=o.150 p22.60. 

Gra+s:shon rt.o.150 -2.60. 

Unpaved Kv316.1 rpS 
2 2  380 O.Oo50 2 9  26.33 TmpVedRedChannelFlow. 

m.w=o.cu ~ 1 . 6 ~  ~ 4 . 0 a 3 . o - t   om 
19.7 850 Total 

East OSDF Tvpe 11 ZQhrRanfaR4.7r 
Prepared by GeoSyntec Consultants Page 16 
~ A w D 6 . W  dn oM)i)29 0 1-2W1 Apdied MiuaXmputer SVStWnS 1/18/2(304 

Subcatchment EE runon north of bonow ama 

RumH = 2.1OdsB 1219hrs. Volume= 0.182al 

R w f l  by SCS TR-20 method. U W S .  Tm SpWs 0.00-24.00 hrs. dk 0.05 hrs 
Type II 24-hr Aawall=4.7(r 

Arealac) CN Demfption 
0.825 77 

Subcatchment EE runon north ot b o m w  area 

B 
t 

000340 



East OSDF rvpe I/ z4-k ~~fall=4.70' 
Prepared by GeoSyntec Consultants 
HvdmCADL9 6.00 s/n ooO929 0 1 9 ~ 2 0 0 1  Applied Micmcommef Wems 

Page 19 
111eJ2004 

Subcatchment G vegetated final cover 

Runoff = 17.13CtSO 1212hrs. Volume= 1279a1 

wved Kv= 16.1 fps 

BotW.O.00 k 1 . W  zS4.0&3.0'f n=O.03O 
2 3  410 O.Oo50 2 9  26.33 T~eM3ectChannelflow. 

19.8 880 Total 

1491 Hint T d c n  may regube smuardl 

Fhmdl = l5.lOdsO 11.94hrS. vobanr= 0.maf 5316 

East OSDF 
Prepared by GeoSyntec Consultants 

rvpe I/ zwu Rainfak4.70' 
Page 20 

HvmocADQJ6.00 u'nMo929 019862001A@edMlnaomputarSystwns lllsnooq 

Subcatchment GGR: construction laydown area 

Runoff = 5 . 1 7 ~ 3 ~  B 1223hn. Volume= 0.478af 

Type II 26hr RaInfak4.7V 
M by scs TR-20 memod v~scs. Time *rt 0.0024.00 hrs. * 0.05 hrs 

Area(=) CN Description 
2350 78 

Grm: Stmi rt 0.150 P2= 2MT 
Umved Kw16.1 fps 

2 1  280 0.02oO 2.3 shallow c0nCenh;dsd Ra, 

28.3 590 Total 

Subcatchment GGR: consbuctlon laydown area 

000341 



0.7 230 0.0045 5.1 35287 TrqmVe&ktChannel Row, 
ww.20.ocr w . w  ~ 3 . 0 . r  n=o.m 

13.9 320 Total 

Subcatchment HH NM north of borrow area 

0 - 
East OSDF 
Prepared by GeoSyntec Consultants 
HYdmCADS 6.00 sln ooO929 0 1986-2m1 A P P M  Mlcrommnuter svstems 

Tvpe I/ 24-hi Rainfak4.70. 
Page 23 

lllsnopp ’ 

Subcatchment U runon area to borrow area 

Rumff = 2 . 7 3 6  0 12.17 hrs. Vdu- 0230af 

Runoft by SCS TR-20 method, UHSCS. T i  Sp& 0.00-24.00 hrs, 6- 0.05 hrs 
Type II 24411 RainfaW.7W 

Area(ac) CN DescrlpGar 
1.669 68 

14.9 210 O.oQ00 0.2 shea -, 
0 2  70 0.1660 6.6 shallovr ConCMbsted Flow, 

7.9 380 0.0025 0.8 shanorv flow, 

G m S M  n=0.150 PZ2.W 

Unpaved KV=l6.lfps 

Unpaved KV=16.lfps 
23.0 660 Total 

Subcatchment 0: runon area to borrow area 

Subcatdunent HR: un-vegetated final cover 
nymgpaph- 

..‘. . I ~ 

, . . I . . , , .  , . I ..,.. .I I ., I. 

0 1 2 3 I 5 6 7 8 9 10 11 12 13 14 15 16 17 18 10 W 21 P 23 24 
r- (ham) 

. .  

East OSDF 
Prepared by GeoSyntec Consultants 
HydmCADB6.00 Sm ooo929 0 1988-2m1 Aoolied Miimmmpuler Svstems 

Paw 24 
1118/2004 

Subcatchment IR: un vegetated final cover 

[491 Hint TcQdl may require smaller dt 

R U M  = 3.85ds 8 11.90hrs. Volume= 0.174al 

Runoft by SCS TR20 method. U H S C S .  rune Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Type II 24hr Ramfaltrl.7W 

Area(ac\ CN k a i p l h l  
0.600 63 

TcLenglt~ SlepeVelaitycapadtyDeSaiption 

0.8 150 0.1500 3.0 sheat Flow, 

0.6 220 0.1500 6.2 shalbn concenkded flow, 

(mfn) (feet) (m) (Wsec) (&) 

smodhsurfaces rko.011 P2=2.60’ 

Unpaved KVS 16.1 tps 
1.4 370 Total 

Subcatchment IR: un w e d  final cover 

000342 



Grarrcgart G=o.150 -260. 

Urpavad Kv=16.1fps 

unpaved Kv= 16.1 fps 

Unpaved K r  16.1 fps 

0.3 40 0.0250 2 5  shEdbwcarsmehdRo*r. 

0 3  110 0.1660 6.6 ShaDoWGmmIMedROr. 

17.4 840 0.0025 0.8 ?.hd€vwconeobaQd~. 

41.9 1290 Total 

subcatdunent JJ. Nnon areatobonow area 

Fhnaff = l5 .8 laSO 11.93hrf vohmte= 0.732EJ 

I 
TcLength sopeVelocilycapadlyDesaiptm - Flow. 1 2  80 0.0176 1.1 

smooms\ataoes n=0.011 p2-2.60- 
Fb*r. 0.5 60 0.0830 2 0  

smmulwrrtaaes n=O.Ol l  p2-260- 
Sheet Row, 0.8 150 0.1700 32 
smmmsnfaces n=O.Oll -260. 

Unpaved Kr16.1 fps 

(mill) ffeet) (fun) (Wsec) (d.3) 

0.5 190 0.1700 6.6 shallowcomab;lledRa*. 

m.w=io.iz ~ - 3 . 8 ~  z= 6.0 3.0 *r C= 0.030 
02 80 0 . W  6.1 646.98 l~ee/RectchamrlFlow, 

32 560 Total 

subcatchment JR un-vegetated final cover 

0 1 2  3 4 6 8 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 ~ O 1 7 1 8 1 9 2 0 ~ ~ ~ 2 4  - w-1 

East OSDF 
Prepared by GeoSyntec Consrdtants 
HydroCW6.W &OW929 0 1 9 8 6 m 1  M e d  Micmmmputer Svsterns 

Page 28 
111 w2004 

Subcatchment K1R: construction support 

1491 Hnt TcQdl may reqdre smaller dl 

Runoff = 1.91 cfs e3 11.95 hm. Volume= 0.089af 

Runoff by SCS TR-20 memod. UH-SCS. lime Span= 0.0024.00 hrs. a= 0.05 hrs 
Type II 24-hr Mab4.70' 

Area(ac) CN DescripHon 
0.382 82 

Tc Length Slope Velodty Capacity Descrlprion 

4.9 33 0.0160 0.1 sheet Row, 
(min) (feet) (fun) (Wsec) (as) 

GrasShaC mO.150 P2.Z.W 

Subcatchment K1R: construction support 

Subcatchment KZR: construction support 

Runoft = 1.01 cfs 0 1229hrs. Vdume 0.104ai 

Type II 2 4 h  RainfalLd.7V 
R m f f  by SCS TR-20 method. UHSCS. Tm Span= 0.0024.00 hm. a= 0.05 hm 

Area(=) CN Descriplion 
0.530 TI 

Tc Lenoth slope Vatocity Capacnv Descdplim 
(ndn) (feat) (fun) fWsec) (ds) 
332 300 0.0110 0 2  Sheet Ran. 

GrassShort n=0.150 P Z = 2 f 9  

Unpaved Kv=16.1fps 
0 2  23 0.0110 1.7 shallow confentatad Flow, 

33.4 323 Total 

subcatchment K2R: con d o n  support 

000343 



East OSDF &-7/M T ~ I l 2 4 h r R a h f a k 4 . 7 f f  
Page 30 

kWuCAC@6.00 Smax)929 0 1 g S g ~ l ~ h ( b o m m p u ? m S y s t  enu llleRwQ 

subcatchment L: m n  north Of borrow area 

' Prepared by GeoSynlec Consultants 

.~ .~.~~... 
GrEs%& lko.150 ph2W 

1.3 150 0.0140 1.9 shaoorcomf&awFkrr. 

0.3 110 0.1650 6.6 YlaDacarSrbatsdAar. 

11.9 630 O.ar30 0.9 shaoo*comf&awRo*r, 

Waved Kv=lSlrpS 

Unpaved Kv=16.1rpS 

unpsved KV. 16.1 IF6 
36.4 1.190 T&I 

sukatchment KK: ~ l ~ ~ t l  area to b w  area 

Rmoll by SCS TR-20 melhod. UH-XS. Xme .Sp.m= 0.W24.W hrs. dk 0.05 hn 
Tvpe II 24411 Rairdatt.l.7W 

East OSDF 
Prepamd by GeoSyntec Cwultants 

T p  n 24-hr R a l n W .  70' 
Page 32 

W,dmCACk€j 6.00 sln ooo929 0 19862001 Awlled M i W e r  %lms 1/18/2004 

Subcatdl~nt M. N M n  north Of bOllOW area 

Runoff = 3.60ds 0 1204 hrs. Vdume= 0212af 

Runon by SCS TR-20 method. U M C S .  Tme Span= 0.00-24.02 hn. dl= 0.05 hrs 
Type I1 2dhr Rainldl=4.7W 

Area(.%) CN Dscrtptiar 
l . m  79 

11.5 170 0.- 0.2 shad Flow, 
Grass:shal e0.150 ph260' 

Bc4.WdU.w D=2W Z= 3.08 lk 0 . m  
0.6 Mo 0.0045 5.1 35287 Tl'f@eWROCIchannal flow, 

121 370 TOW 

Subcatchment W: m n  north of bonow area 



a East OSDF 
~ ~~ 

Tvpe /I 2 9 r  Rahfa lb .  W 
Page 35 

~ & m 6 . 0 0  shoo0929 019862001 A m i i e d M i p u t w S y n e m s  1Ilei2004 
Prepared by GeoSyntec Consultants 

Subcatchment NN: runoff area 

1491 Hint Tcddl may require smaller dl 

Runoff = 3.78cls (P 11.92hn. Volume= 0.162af 

R m f l  by SCS TR-Ztl method, Uli=SCS, Tima Span= 0.0024.00 hrs. dk 0.05 h n  
Type I1 24-hr RainfW.70' 

Area(ac) CN Description 
1.274 68 

Arealac) CN DescaWm 
7.818 98 

East OSDF 
Prepared by GeoSyntec Consultants 
wrocm 6.00 sln 000929 Q 1986-2001 mpned ~i-put~ svstems 

T p  /I 2441 Rainfak4.70. 
page 36 
lei2004 

Subcatchment 0 runon north of bomw area 

1491 Hint TcQdl may require d l e r  dl 

Runoff = 6 . 5 4 ~ 3 ~  63 11.91 hrs. Voluma= 0.779al 

Runoff by SCS TR-20 method. UH=SCS. T i  Span= 0.0024.00 hrs. dt= 0.05 hrs 
Type 11 24-b RalnlaM.70' 

Subcatchment 0 nmon north o f  bomw area 

000345 



East OSDF J p l l 2 d h r M n f d J = 4 . ~  
pssa 37 

-6.00 sbmmo928 01986-2001 ADcSedMiimerSydans 
prepared by Geosyntec Consultants 

subcatchment 00: tunon area to bomm area 

I491 hint T d  may rmdm smllerdl 

RumR = 1.oBdso 11.97hrS. volulllE= 0.051ai 

Subcatchment P: nmon north of borrow area 

Subcatchment 0: runon north 01 bomm area Subcatchment P P  m e d  borrow area 

Runoff I 25.40dsO 12.75hrr, Volume= 4.631af , Runoff = 12.29dS@ 12.28hm. Volume= 1252a1 

Runoff by SCS TR-20 memod. UH=SCS, lime Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type II 2 4 4 ~  Ftainlalb4.70' 

Runoft by SCS TR20 method. LRtscs. Tm Span= 0.00-24.00 hffi. dt= 0.05 hrs 
~ y p e  n 2 4 4 ~  ~~ ia11=4 .70 -  

Area(ac) CN Description Amlac)  CN Desuiption 
40.964 64 7.700 72 

Tc Lmglh S o p  Verodty capadtv DesaipUOn 
(rrdn) (I&) (nrrt) (fvsec) (cfsl 

8.4 150 0.1660 0.4 sheet-, 

34.5 150 0.0025 0.1 SheetFlOn: 

24.6 1.190 0.- 0.8 s h a p o w ~ R o w .  

65.5 1.490 Tot4 

Grassha( rl=o.150 m2w 
Cimsshort n=o.150 p22w 

Urpaved Kv= 16.1 rpS 

Subcatchment pp: mgetated bomm area 

800346 



1.8 350 0.OoM) 32 ShaDarcawarbatSdRor. 
Unpaved KE16.1 tpS 

21.6 650 Total 

Subcatchment R: mnon north of b o r n  area 

Description 

27.8 280 0.0150 0 2  - -. 
Gmssshat n=O.150 ph2w 
BaLWd).W k3.m L- 90 7 n= 0.- 

0.1 30 0.01w 83 16920 Tr@veu?bciQlamrlFla, 

27.9 310 Total 

Subcatchment s: nmon north of b o r n  area 

East OSDF 
Prepared by GeoSyntec consldtants 
HymocID86.00 6h1Mo929 019862001A@edMiipuMrSysl e m  

Jvpe /I 24-hr R&fdl=4. W 

subcatchment m ConstNction support 

I491 Hint: Tcc2dl may require smaller dl 

R W H  = 0.21 CIS 0 11.94 hrs. Volume= 0.009al 

RWH by scs TRZO memod ut!=scs. nm 0.00w.w IUS. m= 0.05 hrs 
Type II 24hr RainfaQ4.7W 

AreaIac) CN DeSnlM 
0.040 82 

Tc LBnau, slape Vekdty capacny Desaiption 

3.7 40 o.Oo60 0 2  sheet*. 
Imm) If&) IWA) ~Wsec)  Ids) 

Grass:Sbd m0.150 m 2 W  

Subcatchment lR: consbuction support 
Hvdramaah P M  

E& OSDF Type I1 2441 Rainfalk4.70' 
Page 44 

Hvdmw\WpB.W ~ m M ) o 9 2 B  018882001 A~~6edMrm;omm?erSystemo lllenooq 

Subcatchment U: ~ n o n  east of OSDF 

Prepared by GeoSyntec Consultants 

RmwH = . 6.57dSO 1228ho. V d m  0.674al 

Rundf by SCS TR-20 method U H S C S .  lime Spans 0.0024.00 hrs. dt= 0.05 hrs 
Type II 24-hr F&infall=4.70 

Areab3C) CN clesamh 
4.149 72 

Tc Lang!h Slope Velodty Capacay Descrfption 
lmln) Iteer) lnm) ~rvsec) Ids) 
302 300 0.0140 0.2 sheet Row, 

2.1 240 0,0140 1.9 shdbw-*. 
Glass:Shorl mO.150 ph2W 

vnpaved Ke16.1 Ips 
32.3 540 Total 

Subcatchment U mon easi ot OSDF 

- 
e ,  

2 

1- 

a-, 

000347 



- 
f 
t 

. . .  . 

East OSDF Type I1 24413 RainfalD. 7ff 
Page 47 Prepared by GeoSyntec Consrdtants 

HvmocAwD6.M) 019982001 &oOeddMluDcanpuferSWlma lllenooq 

SubcatchmentXrunoneastofOSDF 

Runoff = 17.Mcls(D 12.30hrs. Vdume= 1.851al 

Rlmoff by SCS TFI-20 ~TIEthod. UH=sCS. TW Span= 0.0024.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainfall=4.7W 

Area(ac) CN oesdplbn 
11253 71 

Tc Len@ Stope Velodty Capacity Descripilon 
Imin) (feel) wt) (Wsec) (ds) 
26.7 300 0.0190 02 she& Ra. 

Grass:sh&1 -0.150 p2.2.W 

Unpaved Kv-16.1fp5 

BotW=O.oQ W . W  a 3 . 0 7  ,1=0.030 

5.5 730 0.0190 22 ~Cor ren t r s tedF lOw.  

. 12 370 0.01W 4.6 57.3 Tl;yJVeelRedChaMslRa. 

33.4 1,360 Total 

Subcatchment X runon east of OSDF 
HvdmmaohPhl 

5316 
Area(a.3 CN DesalpGan 

10.593 R 

TC Lansm stope vebcity capadlv clssamm 
~rn) (feet) (Ml) mat) (ds) 
10.9 300 0.1780 0.5 -*. 
1.0 400 0.1780 6.8 S h a o O n r ~ A a v .  

Caaa:Shatl -0.150 -260. 

W a v e d  Kv= la1 $8 

ffl.w=O.m D3.w z 3.0 & 3o.OY 
0.7 270 0.0114 6.9 1.025.43 Tra@VedRactCtwmmih, 

0.030 
126 970 Totd 

SUbcatdKnenr w mnOn east of OSDF 

I , , . , , , .  

East OSDF 
Prepared by Geosyntec Consultants 

Type I1 24-hr Mak4.70' 
Pap 48 

HvdraCAD8 6.W Sm 000920 0 1998m1 Am24 M i i m p u l e r  Systems lilBRoo4 

Subcatchment Y: runon area east of OSDF 

Runoff by SCS T R M  mlhod, UH=SCS. 71ma Span- 0.00-24.00 hrs. d k  0.05 hrs 
Type II 24-hr Rainl&4.70' 

Area(ac) CN Descripaon 
6.522 73 

31.1 300 0.0130 0 2  shad Row, 

4.6 510 0.0130 1.8 ~ c o n c e r r b s t e d ~ ,  
Grarr: short n=0.150 PZ;Z.W 

Unpaved KV= 16.1 rpS 
1.1 340 0.0110 5.1 6200 Ttap'VedRectChanrrlFbw. 

~otw=o.m w.ou z 5.0 a 4.0 e 0.030 
36.8 1,150 Total 

Subcatchment Y runon area east of OSDF 

OW348 



Subcatchment Z: n m ~ l  area east of OSDF 

&., rvpe II ~ainlail;.4.70- 
Prepared by GeoSyntec Consultants Page 51 
WcCAwD8.W Sm -23 0 lSSg2001 &#id MLcmmmputer svstmo lllsnngp 

Reach 1R: (new node) 

Hint: Inlet condiuons not evaluated 
[65l Warning: Wet elevation not spedfled 

lnfiow = 6.61 ds 0 i ~ ~ h r s .  vohrme= 0.69~af  
outffow = 6 3  cfs 0 1226 hrs. Volume= 0.693 af. Men=o%. Lag= 0.5 mln 

RcuUng by stor-lnd+Trans memod. T i  Span= O.rn24.00 Ius. U k  0.05 hnr 
Max. Vebd+ 5.4 fps. Min. Travel Tbm= 0.3 mln 
AVg. Velodty = 2 5  Ips AVg. Travel Tbne. 0.7 mln 

Peak Destb 0.33 

Reach 1R: (new node) 
WWTm Rot 

l l l . l l l l , , ,  .,-.i -,..,-. .,-- ~ . - ~  -,..,-.,- . . . . . . . . . . .  

. . . . . . . . . .  
I , , , . . , . , .  
I t I I I I I . I I  ................. ..L.,. _ ' _ _ L _  . . . . . . . . . .  
I 1 . I I . . , . ,  . . . . . . . . . .  
* I I I I I . I d .  

_..._,_.I__ ................ i_ . . . . . . . . . .  . . . . . . . . . .  
I , , , , , . . ,  

.. I . _ J _ _ L _ _ C _ J _ _ I _ _ L  ........ 
I t I . I , . . # I  
I I I I I I I I I ,  

. . . . . . . . . .  . . . . . . . . . .  

0 1 2  I 4  6 6 . 7  8 0 1 0 1 1 1 2 1 3 1 4 1 5 1 1 1 1 7 1 1 1 1 0 ~ ~ ~ ~ ~  
Thn OM.) 

Tvoe /I 24-hr fZ?mFa//d. 70' 

Reach 2: east drainage channel 

1651 Warning: Inlet elevation not specified 

I* = 26.37dsQ 1212hrs. vdume= 2.010al 
Oumow = 25.59 d s  0 1210 hrs. Volume= 2.005 al. AUeIb 3%. LaQ= 4.6 m'n 

Routmg by StOrJnaTrens memod. Time Span= 0.0024.00 hrs. dt= 0.05 hrs 
Max. Velodty. 27 Ips. Min. Travel Time= 2.6 mln 
AVg. VelocHy D 1.1 Ips. Avg. Travel T!me= 6.3 ndn 

Peak D8ph 1.54' 
capadtyalknk MI= 1.205.98cfs 
0.W x 6.W deep cham4 n=O.030 b n g b 4 2 0 . 0  sioPe;O.0045'1 
s ~ e  slope zyabrr= 3.0 5.0 *r 

Reach 2: east drafnage channel 

HWW-wh F-m 

. . . . . . . . .  
..... 1 ..'.. . .-,.. ,..L _,__,_. i . . . . . . . . . .  . . . . . . . . . .  
__(_  _.__. . _r_ ............... . .  I . I . I . I .  

. .L. _I_. J _ _  I .-L. J _  _, . .I .,. . ,__ 

.-L ....... _I..L .,__ ... L..... ... 
I I I  I I I  I , , ,  
I I I I I ,  I I , ,  ............. ....... __,__._.__ ' __._ A __.__. . . . . . . . . . .  

I . , . , , , ,  , ,  .~ __,__ ~ . - ~ - ~  _ _ / _ _  ~.~ --,.., 
. , , , , . , , , I  

000349 



by Sl~r-lndtTran~ memod. Time Spans 0.0024.00 hm. dk 0.05 hrs 
4.3 Ips. I&. Travel The= 0.4 mln 
1.9Ips. A m  Travel Thnes 0.9 nin 

Peak 0.24 
CapaciIyalbankMb 1.101.12ds 
A ladao1200 has been appaed b the supphd s&mage and dischapga data 
72.r ~tameter pipe IF 0.010 LMSU~; 1w.v 9ope. o.oimy 

Reach 2R (new node) 

Tvpe I/ 24-hr Rainfalid. 70' 
Prepard by GeoSyntec Consultants Page 55 
HvdmCAwD6.00 bhmo929 01886-2001 &WedM*rommmerSKlems lllsnooQ 

Reach 3R: (new node) 

I521 Hlnt Ifdet condifbns rot evahlaled 
[W Wamhg Inlet elevatia-~ no! SpeCHied 

IMOW = 3.78dSO ll.%?hrS.Vdwne= 0.162af 
Oumow = 3.72dsO 11.93hrs. Volume. 0.162af. Atten=%. Lag=0.8mln 

Rwting by Slu-lnd+Trans melhxl, hme Span= 0.W24.00 hrs. dk 0.05 hrs 
Mar V e k r A p  4.5 rpr Min Travel W 0.4 mb, 
Avg. Velodty = 1.8 Ips. Avg, Travel Time. 0.9 nta 

Peak Depttt 025 
Capadtyatbank MI= 1.101.12ds 
A fador of 200 has been appoed to thsuppOed staage and dsctsqe data 
no-Mametwpipe n=O.OlO Lergtk 1W.V sIcQe=O.O100'f 

Reach 3R: (new node) 

f 
B 

East OSDF 
Prepared by GeoSyntec Consultants 
HvdmcAwD 6.00 bh 000929 0 15Q€-ZWl -lied Mlcmmmputer systems 

Tvpe /I 244r R&+nIak4.70' 
Page 56 
lllm 

Reach 4: east Wnage channel 

[651 Waming Inlet e l e v a h  not spedfied 

Inflow = 53.10 ds 0 1221 hn. Volume= 4.461 al 
OutROw = 52.07 ds f2 1227 hts. Voltme= 4.451 al, Axen= %. Lag= 3.6 mb, 

Max. Vdocily 3.5 Ips. Mm. Travel TMe= 2.0 ndn 

PeakDepU1=2W 

Rovting by StOr-lndtTranS WuloQ Time Span= 0.W24.W hrs, d k  0.05 hrs 

Avg. Vebdty = 1.4 Ips. Avg. Travel Time= 4.9 min 

CapscWaIbankMb1.108.53ds 
0.W x-6.50' deep charmel. n= 0.030 L e  420.V slope= O.Oo50 ' f  
Side slope Z - v h  3.0 4.0 7 

Reach 4 east drainage channel 
Hvdranreoh plat 

000350 
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Peak Depllr= 201' 
capadtyat bank fun= 18259 do 
0.m x 3.m deep channel. ~t; 0.030 440.0 0.0050 mr 
side slope z- 90 6.0 *r 

ReachseastdrainagefAannel 
WrosWh- ..... >..L.. ....... 1 ........ 1 ..... L. ....;..%... ...... _ _ _ L _ _ . _ _ l . _  . . , . . . . . , , I I , . , I . I , I .  , .  

I .  I . ,  I . . . . . .  : , , I  . , , , , , I  .,.. ,.. ............ ..r ....... 

Reach 7R runoff dlversion channel 

165j Wamhg: Inlet elevation not specified 

Inflow = 75.24cfs o 12.321~~. vduma= 8.2sef 
O u t f h  = 74.54 cfs 0 1236 IW. Volume- 8244 el. Atten= 1% lag= 26 min 

RaJW by Sla-trdtTrans melhod, Tnne Span= 0.00.24.00 hrs. db 0.05 hrs 
Max. Velocity= 4.7 Ips. Min. Travel Thns= 1.4 min 
AVg. Velocity = 1.9 Ips. Avg. Travel Tbne 3.5 rnin 

PeakDep!kl.W 

0.m x 5.09 deep channe~. 0 . ~ 0  4w.w s- 0.0100 *r 
side slope 3.0 6.0 -r 

Reach 7R: runoff diverdon channel 

Capajty at bank Mb 1,63224 cfs 

................. ........................ ... ---,.-_-.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 I I I , , , ,  ....l .................. " . . . . . . .  ' '  " " i - -  , ,-.,..,--,-.,.. --,--,-- ......................... , I . . , , , , ,  

East OSDF 
Prepared by Geosyntec Consultants 
HvdmcAIx86.00 Yn OOO929 0 19862001 Awned M i m u l e r  svstems 

Type I/ 24hr RaInf&d. 70. 
Page 60 

111812004 

Reach 8R: runoff diversion channel 

[65j Warning: Wet elevation not specified 

Innow = 75.90ds0 1 2 3 8 1 ~ .  vahrme= 8 . w a f  
OuMOw = 7529 ds 8 12.40 k Vdume= 8.934 af. Attem 1%. Lag= 2 2  mh 

RWtlng by Stof-lnd+Tm memod. Time Span= 0.00.24.00 Ius, d= 0.05 hrs 
Mar V e w -  3.1 tps Mln. Travel T m  1.2 mh 
AQ. Velocity = 1.3 fp. Avg Travel Tbne 28 min 

PeakDe#=1.74' 
Capdly at bank hm= 1.597.49 ds 
A laclor d 2.00 has been applied to me suppllad storage anddischarge data 
0.m x 5.4r deepchannel. n=o.03O Le*2204 s l ~ o . o o 5 o ' r  
sida slope z- 6.0 2 0  'r 

Reach 8R: runoff diversion channel 

. . . . . . . . . .  
I I * 1 , . I I I I  - . , - _ . , - _ , _ _ r _ , _ _ . _ _ ~ ~ ~ ~ ~ ~ .  . . . . . . . . . .  ..... ..................-. ... 
C I I I . . , , , ,  ........................ ............ _. ............... 
I I I , , , , , , ,  .-.- L _ j _ _ ' _ _ L _ - _ _ l _ _ i _ ~ . _ i _ _  . . . . . . . . . .  I * I I .  . , . , .  .-.. ....................... 

* I  I I I I . , , ,  
.>..I..,.. c -,.. I._< -,-. ,.-L . . . . . . . . . .  
. > - - 1 - . L _ . (  __,__ L _ _ L _ _ C _ . I _ _ ~  

. .L - -*. - 1 .  - L - _I_ - J_. 1 _ _ L _  J. -1 . .  
I , ,  I , , , , , ,  

- . L - - ~ - - I - - L _ _ C  _.I__ 1 _ _ L  .,.- ,__ 
I , , I I I I I I I  . . . . . . . . . .  

-:--;-+.;..;.-;..;..:-.a . . . . . . . . .  . . . . .  . . :  . ._ _ _  - _ _  _ _  ..-. -. 

3 

. . . . .  
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.- ................. ..... .................... . . . . . . . . . .  ...._ .................-. 
I I I I I I I I . ,  

_ _ L _ ~ _ I _ _ L _ _ L _ ~ _ _ I _ _ ~ . ~ ~ ~ . ~  

_ _ L _ _ . _ _ _ . _ _ L _ _ L  _,__ 1 _ _ L  __.__I__ 

I I 8 , I I I . I  ..... ... ._.......-........._ . . . . . . . . .  
_ J _ _ , _ _ L _ _ L . > _ _  1 .  _ L  ___. l _ _  

I I I I t I I I I  
.:-- A_. L _  _c . J _  - 1 .  _ L  - J. -1 . .  . . . . . . . . .  . . . . . . . . . .  

__,_I .,..,.. ~.~ __,__ ~ . . ~  _,__ 
I , , , , , ,  I , ,  .... - - ~  .... . . . . . . . . . .  __._ * _.__.__._.__.__._~__.~~ 
, I I . I . a l d l  

..&.. I. .d-.  I __L.2._'  __,_.__ .__ 
. . . . . . . I ,  

o i z s 4 5 I 7 8 a i o i i i z i s i 4 i 5 i 8 i 7 1 ~ i a m n ~ ~ n  
T h e  elan) 

East OSDF Tvpe I/ 24hr RalM=4.70' 
Prepared by GeoSyntec Consultants Page 63 
n w m 6 . m  ~mmo928 otgsgmi ~ p p o e d ~ i - p m ~ ~ y s t  Illsnoop 

Reach 10BR runoff diversion channel 

164 Wamlng: Inlet elevation rml specified 

outflow = 78.47ds 0 12.50 hn. Volume? 10.251 af. Allen= 1%. Lag= 1.9min 
I n W  = 76.97ds B 12.47hn. Val- 10263af 

Ramne by S t~ r - tnd+Tm~~~ memod. Tlme S p l =  0.W24.00 hrs. d!= 0.05 hrs 
Max. Velodly= 2.9 Ips. Min Travel Time= 1.0 min 
Avg VdocRy = 1.0 @e. A w  Travel hme; 2.8 mln 

Peak Of@!= 1.61' 
capacity at bsnk Mb 20201 ds 
1021' x 2.62' &apdmfm& n= 0.030 Le- 179.0' O.OCQ97 
Side Slope Z.Mlue='3.0 4.6 7 

Reach IOBR: runoff diverslon channel 
WWaPhpIQ ......... ......... . . . . . . . . . . . , . . I . .  ............ L ....... L.2  ..... 

, I I , , I . # I I . I I I I I , I  
. _ L _ _ <  _,__ I . . . . . .  ..... ; _ _ L . _ c _ , .  .... L.,. .... <.d..>.. . .  . . . . . . . . .  

1 

. . . . . . . . . . .  . . . . . .  . . . . . . . . . . .  . . . . . . . . .  
r I I I I I I I I  

... ....... ... .............,.....-.... 1.. ,-.~ fl 8 --,--,.. 8 8 ~ - - ~  * -,-. ;..;.+-;.- 
..'..I --,.. I.....>.. 1.. 

I I , I , I , I , . I  

. . . . . . . . . .  , I I I I I I I I ,  ........................... _, __r_, ..r..i... _,_. r .  ....... . . . . . . . . . .  ..._......... * I I I I I I 1 I I  ..... ...................... .............. 
, I I * I I I , I I  

~ ................... .._*. ... 
, t I I I I I I I I  ............ L . 2 . - A  ....... >.- . . . . . . . . . .  

_ L _ _ _ J _ _ ' _ _ L _ ~ _ _ I _ _ L _ _ L _ 1 _ _  

. . . . . . . . . .  

_,__,__ c _ ~ _ _ ~ _ _ I _ _ l  __,__ 

Reach 1 O A R  (new node) 

[w wamtng tnlaf elevalhmt spadfied 

amow E 7521.530 1246hn. vCblle= 9.43281. Atlan=lX L¶g=alrdn 

~arting by SX-W+TMS mem34 ~ b n e  

trdla,  E 7!34dsB 1241hn.V- 9.452d 

0.00~4110 hrs. a= 0.05 hts 
WVelany=3.4fp4 Uh.TtavelTbne.1.8mtn 
Avg.Vd0diy=12fp4 Avg.TrsvelTime=5.1mln 

P&DepUI=l.36. 
capacity at bankMt 646.10 ds 
10.12 x 3.85 deepcilamal. rr.o.030 Len!3th=365.0' 3ope=0.oo5o'f 

Reach IOAR: (new node) 

Sae slope Z-value= 6.0 3.0 'I 

.-_. ..................... . . . . . . . . .  . . . . . . . . . . .  

....I..L..C.........-... . ................ > _ _ . _ _ L _ A _ J . _  . . . . . . . . .  
__I _ _ I _ _  L _ _ C  _ I _ _  1 _ _ c _ >  __,__ 

....... ..,.. ....... i . .  

. . . . . . . . . .  
_._A _,_. *..-..a. _.__ L. A _ , _ _  

_._&_A ..................... 
_ L  __.__,__ I _ _ .  __,__ A _ _ <  __.__ ,__ 

. A . I _ . L _ _ L _ J - _  , _ _ L  _ A _  J.. 

I , , , ,  , I , , *  . . . . . . . . . .  ...... 1 ..L.. L _,__ I _ _ L _ J  ._,._ L 
. I  I , , , , , . .  

-1.. 1 .  - L . _L . 1 _ .  1 -. c - 1_. 1. - L 
I .  * I . , . , . .  

I , , , , . . , / ,  

0 1 2 3 4 6 8 7 I 0 10 11 12 13 I4 15 18.17 18 10 2l P P 24 
n - 0  

M OSDF 

HydmCADB6.W Smooo926 Ols8S~lAppWMlcmpmp"lterSystems 

Tvpe I/ 24-hr MMd. 70' 
Prepared by GeoSyntec consultants h g a  64 

Reach 11: new CMP arch 

1521 Hint Inlet conditions rml evaluated 
1651 Warning Inlet &vation not specifled 

l n h  = 79.26.53 0 12.50hrS. V b  10.729al 
OLII&W = 79.21 cfa 0 12.50 hrs, V b  10.728 at A n e i  0%. e 02 min 

by Sta-lnbTranS method. Tima Span. 0.0024.00 IUS. dl= 0.05 hra 
 ax. vel- 6.7 ~ps. m. T ~ V &  Time; 0.1 mm 

Peak Depth= 1.5s 
Capacity at bank Mt 52231 d s  
A factor d 2.00 has been applied10 the q @ e d  staage and &charge data 
72.W Dlameter Pipe rr. 0.010 Lenem= 40.4 slope= O.Ovz? 'I 

Avg. Vdodty = 2 5  Ips. AQ. Trawl h 0.3 min 

g 
c 

Reach 11: newcMparch 

Hydmgrsph P M  

..?.-i ..... i..I-.L-.... i. ...-I 
, 1 1 1 1 1 1 1 1  ..,.. L _ _ 1 . _ , _ . I _ _ L _  .S..I..L. ... ......,.........,.. r _  

. .,. - , - -, - _,_ . .; - 

__,__,__ ~ - . ~ . ~  _ _ / _ _  __,__,__ I 
, , 1 I , , I I I I  ... ..,..,.. _,__,__ _,__,__ . . . . . . . . . .  .................. ........ 
, I . , , . , , . ,  
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. . . . . . .  

._-...I_ ~ ......... ...... 
I 

d 

. .  . .  

Tvps I1 2 4 4 ~  M n f d M .  70' 
Pasam 

l/t@Bpp4 
@tOSDF Prepared by GeoSptec . ' Consultants 

HvhoCAWD 6.W dn WO929 0 1!3@€-2001 Amlied Miuommputer Svrrmo 

Reach 14: east NIU)II channel 

1651 Warning: Intel elevation not specified 

lnRow E 0.52ClsQ 11.98hrs. Volume. 0.Q26al 
OutAo~ E 0.38ClsO 12.17hrs. Volume= 0.025af. AHec=n%. L S p l l 3 h  

R- by sl~r-lnd+~ran~ memod. Tim spm= 0.00-24.00 hrs. a= 0.05 hrs 
Max. Vel- 0.9 fp. Min Travd Time.. 7.6 ntin 
Avg. V a l y  = 0.4 fp, Avg, Travel Tinwr= 19.1 mhl 

Peak Depth= 0.33 

0.00 x 1.w deepchamel. n=o.m Lengur=42o.v ~ 0 . o o 4 o ' I  
capacay at bank Mb22.78ds 

S i  Slope Z-value= 3.0 5.07 

Reach 1 4  east runon channel 

. . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  I I I I I . . I , I I  

. . . . . . . . .  . . . . . . . . . . .  
.>-...-L ..... L . . L _ J  ....... ... I . .<..  ..... L_,_.L__L_J__L_ 

I I I . , . . , , , ,  . . . . . . . . .  . . . . . . . . . . .  ,.-, .....,.. L _ _ C  -,.. ,-.L- 
I I I d I , , , .  ........ C _ J _ .  ............ .L. ...... . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  

, _ _ L _ _ ~ _ , _ _ I _ _ L _ . * _ _ L _ _ .  __,__ L.. . . . . . . . . . . .  
1 1 ' 1 1 1 1 1 1 1 1  

, I  I , .  , . .  I s i - -  

..... ........... ........... ~~.~ .... r - - c  -,..,-- 
___,._ _,__,__ ~ _,__ I _ _  

.................. .,.. ;- +. 
, * , I , , /  . . . . . . . . .  .... ........... I ............ I..L.J..I.....J.. . .,. .L.J. .: .-,. 

I I I I I . * I . I I  . . . . . . . . . . .  . . . . . . . . . . .  
f . . . . . . . . .  

, , , , . , , I  

. . . . . . . .  r 
. . . . . . . . . . .  
I . , I , , , I I . .  

, , . . I , , , .  . . . . . . . . . . .  _I .....- .... I__r _ - _ _  ~ - - ~ . ~  ..... 

0 1 2 3 4 5 (1 7 (1 9 10 It 12 13.14 15 16 17 1% IS P Z l  P 23 a 
nm -1 

wlov = 144.6odso 1 2 9 h r S . V a h m k  m881al  
cummu = 143.78ds 8 12.57hm vahmk 20.630af. Anm-!=l%. lag=3.omin 

Rarting by Stor-tnd+T~ans memod Time Sparp 0.0024.00 hrs. dl= 0.05 hrs 
Max Vekx+4.3fps. Km. Travd The= 1.8 rnh 
Avg V- = 12 fps. Avg. Travel Tlmr. 6.0 m h  

Peakoepm3125 
Capadly a1 bank hdk 346.63 ds 
23.11' x 203 deepchannel. n=O.CQO Lengtb450.0 %c~~=0 .00617  
Side Z-vabrr. 2.3 4.0 'I 

Reach 13R runoff dhrersion channel 

- 

Hrdnrcnaohm 

, , I , , , , . .  . . . . . . . . .  
, , ' , l i l . .  

.--.,..,.,..,.-, . .~ .,.. r _ _  
1 .I ... -._... I .____r ....... .... . . . . . . . . . .  

._L__ ........... ..-L. ...... __,__.__L ............. __-____ 
............... .... ..-.......-. _. ..... .... 

...... -- -  ..... -__  .......... . ,  1 ( , . . , , ,  . . . . . . . .  
I I , .  a I . ,  I . .  . . . . . . . .  :_ - 1 - _._ - 1 .  - L - _c - J _ _  1 . . . . . . . .  . . . . . . . . . .  
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..L..t ._,__ L__C_>__,__.. _L_ >. . 
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I . , , , ,  I , . ,  . . . . . . . .  _& _.______ _ _  __.____.__.__L 
.-C.I..L.J .. ...L..L.. ..... c . L _ I . . L _ _ C _ , _ _ , _ _ C _ J _ _  

0 1 2  S I 5  (1 7 8 9 1 0 1 1 1 2 1 3 H t S 1 ~ 1 7 1 % 1 0 2 0 ~ ~ ~ ~  
nm CVEa 

. . .  
. .  

East- Tvpe II 24411 Mnfak4.70' 
Prepared by G-lec Consultants page 68 
HvmoCAWD 6.00 h ooo928 0 1986.2001 Apposd M i p u t e r  svstemo 

Reach 15 east runon channel 

1651 Waniw Inlet elevation not specified 

lnllow = 3.2ods Q 12.01 hrs. vdume= 0.1ffiaf 
OvtROw = 282cfs@ 1212hni. Volume 0.1ffiaf. Atlen=12%. La!3=8.6min 

Raning by Sla-IN!+Tran~ memod Tm 0.0&24.00 hn, O X 6  Ius 
Max. V e k i l p  1.8 Ips. &.&I. Travel Ttme= 3.9 min 
Avg. Vekdty = 0.7 fps. Avg. Travel TIE= 9.9 mln 

Peak D e o k  0.w 
C&<i bank MI= 61.62 ds 

side S l a ~  Z - r a l u ~  3.0 5.0 'I 
0.00 x 200 deepchard. n=o.m ~ 4 2 0 . I Y  SlOpe=O.M)67Y 

Reach 1 5  east runon channel 

080353 



by Sla-hd+Trans memo4 Tbnn 0.0024.00 tm. dk 0.05 Ius 
2 6  tpa Mn T m d  Tom= 2 7  min 

VEIOCUY E 1.0 Avg TrWd 6.7 mh, 

T y p  f I  24hr Rainfak4.70' 
Page 71 

B( svstems HymocADB6.00 ehlaas2eOlSZCOlAccd!edMicmmnm 1 / 1 w  
Prepared by GeoSynlec Consultants 

Rea$ 18: east runon channel 

1651 Warning: inlet h l n n  not spedfied 

Inflow = 21.43ds 0 12.27 hrs. Vo lume 2.022al 
0umOvr = 20.89dsO 12.33hrs. V o l W  2.017al. Allen=%. Lag.3.7ndn 

RUItlng by s(or-l&Trans methoQ Tm Span= 0.0024.00 hrs. dl= 0.05 hn 
Max. Verodry;. 3.7 rps, Min. Travel l i m e  2.0 min 
Ave VelocRy = 1 .e rps A% Travel Tima= 4.5 min 

Peak Depth= 1.38 

0.W x 3.W deepdtarmel. n=o.030 Ler@h=44o.U S~~B=O.OIOO~ 
s ~ e  slcpe Z-V- 3.0 -r 
Capadty at bank MI- 169.20 cfs 

Reach 18: east runon channel 
HvdromaDh Plot 

I I ,  , I * , / , , ,  . ...._.......r....... ..-.... . . . . . . . . . . .  ............................. 
I I I , , , , , , ,  . . . . . . . . . .  ............ ............-.... . . . . . . . . . .  I I I I I I , I I ,  

..r.T....r..........~ .T.... . . . . . . . . . .  
I I I I I I r l l I  . . . . . . . . . .  . . . . . . . . . .  ............................ . . . . . . . . . .  ..~--.-. .......... ....__. ..... 

I I I 1 I I I I I I  
I , I I I I , , I I  . ..._.................- .... . . . . . . . . . .  . . . . . . . . . .  I ,  I , , . , , , ,  

1 , 1 1 1 1 1 1 1 1  . . . . . . . . . .  . . . . . . . . . .  I I , I I I I I I ,  

I , . , , . , ,  . . . . . . . . .  1 1 1 1 1 1 1 ,  

...................... .....-.. ............. r___l._ -_I__.- 
-.___l__.__ ......................... ............. 

0 1 2  3 4 5 1) 7 0 O 1 0 1 1 1 2 1 ~ 1 4 1 5 1 E 1 7 1 1 1 1 0 W ~ ~ ~ 2 4  
nN 0 

. . . . . . . . . .  1 1 . 1 1 1 1 1 1 , 1  ._.........-.. ...... ___..__,_ ,. .r_7 ....... r _ _ l  ....... .... 
I ~ 1 I I I I I I I  . . . . . . . . . . .  

I I , I I I I I I ,  
, I $ % , ,  . I , ,  . . . . . . . . . .  . . . . . . . . . .  

_ ~ _ _ ~  --,. _r _.__ ~ . ~ ~ - ~ - . ~  __,_ .............. ........ 
- -6. - 1  -. L --I.. 1.- I.. L -1.. 1 _ L .  

o I P a 4 6 e 7 I D I O I I I ~ I S ~ ~ I ~ I ~ ) I ~ I ~ I I D W ~ ~ ~ ~  
lkd @-=) 

. -  

Eest OSDF T y p  I f  24hr Ralnafl4.70' 
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k h d r O c ~ 6 . 0 0  Chlmo929 019862M)l ADDnsd~-pUlMSystemS 111- 

Reach 1 9  east runon channel 

[a Warning: Inlet elevalim not specified 

lnllow P 38.43ds8 1 2 . 3 2 h  Vohnne= 3.868af 
OuWow = 37.75ds 8 1241 hrs. V o l m  3.855 af.  AlIan=2%, Lap 5 2  min 

Rculing by Slar-lnd+Trans method. Tune 
Max. Vekclly. 2 8  fps. hfh Travel Time= 2.8 min 
Avg. Velodty = 1 2  fps. A v ~  Travel Tims= 6.4 nin 

0.0024.00 hrs, & 0.05 hm 

P?ak DqRk 0.91' 
Capadtyal bank hll= 911.12 ds 
0.w x 3.w daep channel. n= 0.030 47o.v slope= 0 . ~ 9 0  'r 
slde sbpe zyahre; 3.0 30.0 -r 

Reach 1 9  ea.4 runon channel 

. . . . . . . . . . . . . . . . . . . . .  .......... ............................... . ........-._......... __. 

5 c 
. . . . . . . . . .  . . . . . . . . . .  

800354 



. . . . . . . . . .  ................... *...-_ ..... 
, . , , I  I , . , ,  

. . . . . . . . . .  
, , I , I I . . I I  

I I , I I I I I 

_ _ L  _ _ C _ J _ _ 1  - A - > . .  1 ..L. _ I _ _  1. .  
) . . . I .  ........ < .... *.-\ ........ , I I I , I I I ~ .  . . . . . . . .  

~ I I I I I I I  . . . . . . . . . . .  . . . . . . . . . . .  ... .... ... ................. --.--- I , , , , , , ,  ..................... . . . . . . . .  
. .  

, , , , , , I  I ,  1 . . . . . . . .  I I . , I 0 I . /  I I . . . . . . . . . .  
, I , I I I I . I I  . . . . . . . . . .  , , I , . , * *  

........... __-. ...... ~ - _ - .  ... 
I I , 1 I I I --! ..,-- .......!..L..L.4 .. 

I ;--; . . . . . .  , ,-.,.-,.-,..,-- .-,- ~ 

o i z a 4 5 e 7 e o i o i 1 i z i a ~ 4 i ~ i e i 7 i e i e 2 ~ 2 ( n ~ ~  
TLn (aatn) 

Reach 22: east runon channel 

I651 Warning We1 elevalbn f n l  specined 

Inflow = 46.33ds (P 1249 hrs. Volume= 6.231 af 
Cutiiaw P 48.18ds 8 12.51 hrS. Volume= 6228al. Alten=O%.. Leg= 1 2  ndll 

Rai+hg by s(or-I&Tram method. Tbne .spX= 0.0024.00 hrs. d k  0.05 hrs 

Avg. Vebcity r 1.6 f p ,  Aw Travel The= 2.0 min 
Max. VeIocHys 4.5 rps. Min Travel T w  0.7 min 

Peak oepvh 1 . w  
capacity at bank hdk 384.40 d s  
0.w x 4 . w  deepchannel. rE0.m L.9llgkle0.0' Slope=O.OlW'f 

Reach 22: east runon channel 

side sbpe Z-Vah== 3.0 7 

East OSDF 
Prepared by GeosynteC Consultants 
HvdmCAm 6.00 dn ooo929 0 t~s6-2001 M O e d  MrmxwnWa svsfans 

Type II 2dhr RahfaJM. 70' 
Page 76 

lllaRo0Q 

Reach 23: new CMP culverts 

[5a Hint Inlet ccnmtions not evaluated 
1651 Wamlng: Wet elevalkm nol specified 

Oumow = 48.70cfs 8 1252hrs. V d u m ~  6.659af. Allen=W, LapO.5min 
Inflow = 48.7649 e 12.51 hn. V d W  6.662al 

Routing by StOr-l&Trans memod. Time Spare 0.0024.W hrs, dt- 0.05 hrr 
Mar Velodty= 5.4 fps. Min Travel The= 0.3 min 
avg. vefodty D 1 .e fps. Avg. Travel Time= 0.8 m!n 

Peak D@tU 1.31' 
CepsCHyat bank Mh 468.67 ds 
A factor o f  200 has been appoed lo~s \s lpoed  slofage and dtscharge data 
72.0 Diameter p$e n= 0.01 8 L6s@k 92.0' Slope= 0.0059 7 

Reach P. new C W  culverts 

, 1 1 , 1 1 1 1 1 1  -..- _ ( _ _ , _ _ L  .-.. > __.__ L . A  - 1 . -  .......................... 
I , . . , , , . ,  s , s , . , , , t ,  ... I I 1 , I I I I I  . . J .  .L..L .>..*.........I.. . . . . . . . . .  . . . . . . . . . .  , 1 , , , 1  I . , ,  . . . . . . . . . .  I , I * , I O ~ I  . _ . l .  ..... .~ ._,__ ... ..,.... ............................ . . . . . . . . . .  I I I I I I , . I I  . . . . . . . . . .  

* 1 1 1 1 1 1 1 1  

, . , , , , , . , I  

, I I I , I I I I .  
. - - - A  ............... .%.-, .... .......... __*  ............... . . . . . . . . . .  

I I I I , . I , I I  
, I * , , ,  , , I ,  

.,-. L., .. L.....,.. '..L ..... >.. 

............................ .................... .. .... 
I , I , , I , I I  . . . . . . . . .  .. i..... ... I .  ...... - 1  .. 

, , , , , I ,  

o I z a 4 5 e 7 e e i o i i i z i a i 4 1 5 i a i 7 i s i e ~ n n n z r  
Th* (ban) 

000355 



by Stor-Ind+Tmn~ memod Span= 0.00-24.00 IUS. dl= 0.05 hrs I 2 
Vabcily= 4.0 Ips. MIL TmWI Tbm= 0.7 mh 
Velocity I 12 Ips. AQ Travel T i  23 mh 

0 - 
East OSDF 
Prepared by GeoSynlec Consultants 

Tvps /I 2- Rainfakf. 70' 
Page 79 

HydroCAWD6.OO sInCOG3~ 01888-2001 Ap!AedMcnrrmputerSydwns 111812004 

Reach 26: runon channel 

[65) Warning: Inlet e l e v a h  not spedfied 

Innow = 64.21dS0 1246IUS. v o l w  9.057al 
OUtAav = 64.05 cfs (P 1249 hrs. Volume= 9.045 al. AtIen= 0%. Lag; 2.0 min 

Rarling bySlM-l*TnS mWd, Time Span= 0.M24.00 hrs. dl= 0.05 hrs 
Mar Velodty= 4.4 Ips. Min. Travel lime= 1.1 min 
Avg. Velocity = 1.6 Ips. AQ Travel lime= 3.2 nrln 

Peek Oepm 2 X  
Capacity at bank MI= 90.11 cfs 
o m  x 2.w deep channel. 0.030 3oo.u si- 0.0075 ar 
sids slqm z-value= 3.0 -r 

Reach 26: runon channel 

. . . . . . . . . .  ........ _ _ r  -.,. .~.. , - - ~ . ~  __._ _ ~ _ _ I _ _ ~ _ _  

I ,  I , ,  I I ' . ,  

........ 

.-'_. , _ _ r  ... _.,__ L _ _ * . _ _ ' _ _ * _ _  -.L. .-..,. . L _ . L _ J _ _ I _ _ L _ I _ . J _ _  
, I E I I # I 1 ,  . . . . . . . . . .  . .  . . . . . . . . . .  __,.. ~-~ . I . . . . ,  __.__ __,__ ~-~ __,__ .,__,__ ................. ..... 

I I I I I I I I I I  . . . . . . . . .  .. O . . A . . L . . . . .  ,__'_ _ L _ , _ _ L _ _  __'_.I._ I..L..L.J . . I . .L._I  __,__ 
I I I I . , I , I  . . . . . . . . . .  . . . . . . . . . .  ..-_-. I , I . t , I I I  ........................... .................... .... . . . . . . . . .  I I I . I I I I I I  

_ _ L _ ~ _ I _ _ L _ . L _ , _ _ I _ _ ~ . ~ . ~ . -  . . . . . . . . . .  . . . . . . . . . .  
..c. 1 .  .,-.L. J.. ' .  .L. . S . . I . .  , , , , , , . , .  . . . . . . . . .  .-..... ........... _ _ ?  ....... __(_____.__r_ ...... ... . . . . . . . . . .  

. . , . . ,  . . . . . .  
__r _.__.._. -4 ._.-- -1.. 1 -. L __I__ 1. - I  - .L. 1.. A_. L. 

. , . . , . I , .  I 
, I .  , , , , , I ,  ............................ 

0 1 2 S 4 5 8 7 B S 10 11 12 13 14 15 16 17 111 10 20 21 22 a 24 
lmn (hoM1 

Reach2%newcMParch 
-m 

........................... _ _ _ r  ...., ..,.. r__ l  ..... ..... . , .  , . . ,  . , .  . . . . . . . . .  

. . I . . I . . L . .  c .,_.... c _.I__ 1 _ _  1..L.1..1..1....,... ........ ,__ 
. . . , . . I  . .  . . . . . . . . . . .  . .  .,.--- ~ ._,__ r _ _ l  __,__ r _ _ r  . . . . . . . . . .  , , I I , I . , I I  

_ _ ' _ _ 1 _ _ L - J . .  i _  - 1. .L-J. .:. . L .,__I__ 1. .. .-<. ,. - 2 .  .,. ........ 
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. . , I *  I , , . ,  . . . . . . . . . .  ............................ ............................. . . . . . . . . . .  , , I , / , , , , ,  
_ _ I  __,__ L__L_J__I__L.J..I..L . L._._.J__ L.  -L. 1. - 1 .  _ L  __._ . ,__ 

. , . , . , I . . .  . . . . . . . . . .  ............................ ............................. 
. L ._._ _ _ . _ _ L _ _ ~ ~ _ _ ~ _ _ : _ _ . _ _ _ . _ _  ?. - 

. . * I . , .  ........................... 
. . . . . . . . . .  
. . . . . . . . . .  
I . I I I I 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 1 I I 1  
I * I I I . I . I I  

..... ............................ ._.................... 
.. '..I..L..L.J..'..C.....,.. .. :__-_ _ J _ _ L _ _ . _ _  _I_. 1 . .  . . . . . . .  

. * , , , , I  ............................ ............... .... 

0 I 2  5 4 5 6 7 8 O 1 0 1 1 1 2 1 3 U 1 5 1 B 1 7 1 ~ 1 S 2 0 P 1 ~ ~ ~  - nM.) 
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Reach n: new CMP arch 

1521 Hmt Inlet c c d i k m  not evaluated 
[q wamblg I* elevauonmtspedned 

Inflow = 6500dae 1246hr~.Vdume= 936581 

Rou!mg tyStor-(nd+Trans method. Tim, Span= 0 M 2 4  00 hrs, dk 0 05 hm/2 
Max.Ve(ody=52Ips. Min TravelTims=OQmh 
Avg Velodty=l9fps. Avg TravelTme=lOmIn 

PeakDepblM' 
Capaaty albankrult398.9 d s  
A laclor of 200 has been appred to 
72WMame(erPlpe rs0018 Lengb106V Sbpe=omz-r 

oufflow = 6488daB 1249hrs. Volume. 93OlaI. Alle~=O%. Lag=06ndn 

glppued storage and dlsdwga data 

Reach n: newcMP arch 
Hydrographm 

. . . . . .  __.__; __._ ; - - L -  .;-; __.__. __--,. .<--L _ _ L _  ,__,__ L _ . , _ _ . _ _ . _ 2 _ _ , _ _  . . . . . . . . . . . . . . . . . . . . . .  : I  

. . . . . . . . .  
L _ _ . . . I . . L  .-,...a ..... L _ _ I _ _ , _ _  
I / , I I , I I , I  . . . . . . . . . .  . . . . . . . . .  7 . .  . . . . . . . .  I I I , I , I I I I  
L._I ._.._ L __._.__.__ <_A. _.._ 
, I I I , I I I / I  . I . . . ,  

r . - . - - ; - -  
I I , , , , , , , ,  .-.- .........-....... ..... 
........................ ................ ....&. . .  
1 ........ 1.....1... . . . . .  . . . . . . .  

. . . . . . . . . .  _~__.__._______.____~__.__._ 

0 1 2  3 4 5 II 7 B D l 0 1 1 1 2 1 3 1 4 1 5 1 B 1 7 1 I I 1 0 2 0 2 1 P ~ U  
(hoM) 
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__.._____.__ , _ _ * _ _ L _  _.__ J.. . . .  . . 

, Reach 30: east nmon channel 

[GI Warning: Inlet elevation not SpeCiRed 

Inflow = 45.98cfsQ 1248hrs. Volume- 6.152af 
OuUlow = 45.89 d s  0 1248 hm, Vohnna. 6.151 ai. Anan= 0%. Lap 02 min 

East OSDF 
Prepared by GeoSyntac Consultanls 
~ y m o c ~ ~ 1 ~ a . m  am000929 oiw-mi~pplied~mput~~ystem~ 

T p  N 24-hr Mnfak4.7r 
Page 84 

1 1 1 m  

Reach 31: culvert 

[52] Hmt Inlet conditions not evaluated 
165) Warning: Inlet elevation not spaclfled 

lrdlow = 6.54cfsB 11.91h. Volume= 0279af 
C k & h  = 6.34 CIS B 11.91 Ius. Vohrme= 027s al. ARem 3%. Lap 0.5 min 

Rouling by StU-lndtTm memod. Time Span= O.W.24.W hrs, dl= 0.05 hm 
Max. V a W t p  5.1 Ips. Mn TravelTime= 0.3 min 
Avg Velocity= 1.8@ AQ TravelTimrr= 0.8 min 

Peak 0- 0.24' 
CapacirY at bank full= 1,025.91 cfs 
Afadorot 200 has been qGed to the supplied "torage and W g e  data 
nr~amster~ipe n=o.oiz -8o.w sbpa=o.oiz*r 

Reach 31: culvert 

000357 



..... 
591.00 0278 0243 0 s  o m  

594.00 0.624 0.542 1.- a m  
592.00 0.342 0.309 0691 0.344 
5s3.00 0.463 0.401 1.092 0.465 

0 Raainq Mer( Oulletoevlcas 
'prBnary 

GAT%%?O.l8 0.51 1.01 1.34 1.87 200 
DisA(ds) 0.00 0.00 0.08 1.33 821 17.57 31.73 51.47 

EaStOSDF Type I1 24hr RahdaE4.70. 
Prepared by GeoSyntec consultants Page 67 
WrcCAWD6.OO Sm ooo929 0 1886-2001 mlkd Maommpular Svslems lllsrrooq 

Pond 3 P  Borrow Area Basin 

Inflow = 175.81 cls B 12.58 hrs. Volume= 29218 a1 
outflow = 0.00clsB 0.00hrs. Volume= 0.OOOal. Atterl=lW%, L e ~ O . O I l I h  
PIfnwy 5 0.00ds B 0.00hrs. vdwne= 0.oOoal 

Awtlng by stor-lnd method Tlme Span= 0.0024.00 hrs. db 0.05 hm 

PeakElev=574.16 Slaeee;29204af 

Storage and wetted areas determined by Conic secliw 

ElevaUm Surf.Area Irx.Slm cllm.SIae WeLArea 
(leet) (acres) (acrelee4 (acre-feet) fa-) 

570.00 6.391 O.Oo0 0.000 6.391 
571.00 6.687 6.538 6.538 6.690 
572.00 7.017 6651 13.390 7.023 
573.00 7.290 7.153 20.543 7.302 
574.00 7.613 7.451 27.994 7.626 
575.00 7.921 7.766 35.760 7.538 

plusFbwdetentlanIilW=(flOIcaladated) 

- (--) 
l=OrfMrate 

&RecBngularWeir 

I Routtrxl Invert ou(ldDevices 
1 Devlce2 575.w 48MHaborMdGmbx2w umnedLov&flau cco.600 
2 primarl 569.w ~ X ~ . ~ h n l g ~ X Z W  Ke=O.mo 

3 P h a y  m.oa 2 O r r ~ s r o e a c r a s t e d ~ W e b  

E 
( ~ l e t t n ~ e r t m ~ . ~  S=O.OO~OP rl=o.m CC=O~OO 

Head(fe8I) 050 1.00 150 2.00 250 3.00 4.00 5.00 
Cd. (English) 3.00 3.a) 3.00 3.00 3.00 3.00 3.00 3.00 

M OSDF 
Prepared by GeoSyntec Consultant3 Page 88 
HymoCPD@B.M Smooo929 01988-2001 AppaedMhmnPulerSYstmS lIl&rLM)4 

Pond 3 P  Bormw Area Basin 
Hvdr-oh PloI 

. . . . . . . . .  ....,.......,............. ... ..._.... ................ ..................... 

. . . . . I . .  . .  .___,__ ...................... 
* , , I , . I I I ,  ............................. . . . . .  . I I , ,  _ ~ _ _ . _ _ l . _ .  ..,. ~ ..,....... ... . . . . . . .  

0 I 2  I 4  5 E 7 B 0 1 O I I 1 2 1 5 1 4 I 5 1 6 I 7 I I I D ~ 2 I P P 2 (  
Tb.r m-4 
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oevatm Sufi- haore ~~ WeuJea 

570.50 1.460 0.000 0.0oo 1.460 
571.00 1.512 0.743 0.743 1.513 
572.00 1.614 1.563 2306 1.617 
573.00 1.713 1.663 3.969 1.719 
574.00 1.819 1.766 5.735 1.827 
575.00 1.917 1.868 7.602 1.928 

577.00 2.182 2094 1 1 . m  2.177 

(ieat) (acres) (EKIekn ( acre-feet) ( a m )  

576.00 . 2.026 1.971 9.574 2039 

8 R d n q  Im OuLtelDevicer 
1 Devlcez 575.w 4 e # ~ ~ G r 8 t n  Umited lOweiJ~  C=o.m 
2 Rimary 570.78' W x 6 8 0 . ( 1 b n g M  W0.700 

3 mar# 576.W Z O . ~ b n g B ~ t e d R e c h n g r d u W e N s b  
OUM I- 56j.w s? o.0110 -r IF 0.024 CC= 0.900 

Hsad(feeq 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
coet.En#iEJl) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

. -  

West OSDF 
Prepared by GeoSyntec Consultants 
HvdroCADoDB.00 .In ooo929 0 198B2001 bN&d M i i u l u  W e m  

Type /I 24hr Rahfak.4. lo' 
Pace 3 

Pond 1P Sedimentation Basin 2 
Hydmgraph Plm 

I 
B 

0 1 I S 4 5 0 7 8 D I O ~ 1 1 I 1 3 1 4 l 5 I O l 7 1 0 1 9 ~ ~ ~ ~ ~  
Tla plan1 
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West OSDF 
Prepared by GeoSyntec Consultents 
W d ~ 8 . W  .lnM#)929 0 19882001 ADDbd Mbommpu(s r Svrtana 

Reach 8BR: Culverl at Sed Bash 2 emnce 

TVpe I1 24hr Rehfe/P=. 70' 
Page 3 

l l lanq 
WkF 8121 rn 8.475 af 

Length= 30.U Max Vel= 6.8 fpa Capadty' 555.70 ds O.dkw= 81.08 da 8.475 af 

Reach BCR: Channel lntD Sed Bash 2 In- 81.93 da 8.525 af 
w 62.7 Max v e  6.5 Ips Capadty' 728.12 da ounb= 81.64 da 8.523 af 

Reash 9AR: Extsndsd Dralnge Channel SouLh o f  Cell 8 1- 13.68 da 0.611 al 
Len#h= 197.U Max V e  4.7 fpa CapaCitr 267.67 d. am&r 13.09 da 0.610 d 

wlap 13.09 da OB10 d 
Lmpm- 88.u Max vel= 5.9 fpa cqmdIy= 353.53 da ounb= 1287 da OB10 sf 

I- 13.16 da 0.629 a( 
-273 MaxVel=4.7fpa Capadtr1.695.B0ds Old(bF13.07da 0.gZBaf - 9.78 da 0.453 at 

9.65 da 0.4% af 

w 9.65 da 0.450 al 
LmgW 38.0 Max Vel= 5.3 fpa capacitu' 343.51 cfl Oulfkw= 9.58 d. 0.00 af 

WkF 2120 da 0.888 el 
LugttF32O.U h+axVel=26@a Capdly=172.80& -19.28da 0.985af - 20.52 da 1.082 af 
w B0.U Marvel= 26 fpa capadty. 170.32 ds Ournu= 20.24 d. 1.091 af 

I- 10.28 d. 0.985 d 
l.m@& 46.B Max Vel= 5.4 fpa Capasar 284.80 ch ounb= 19.17 da 0.985 d 

lnlbF 32.49 da 1.711 af 
-1M.B MaxVeb4.3fpa capgayI413.70ds CkmbF9.07da 1.710af - 5.73 da 0.532 af 
Len@= 120.U Max V e 4 . 9  fpa CapadW 388.61 da OulIlm= 5.71 da 0.532 af 

lrdhrp 3.20 da 0.169 af 
Lenoop112.U MaxVel=3.5(p. capaCav;SnSada CWlbI=3.11& 0.169af 

wh*F 0.46 da 0.027 d 
Leaglks 55.U Max V e  24  fpa CapadW W . 6 2  da Oulfkw= 0.46 ch 0.027 d 

I- 3.58 da 0.170 af 
kngth=JtaU M a x V S V f p a  -aCay=71.46& O.dkw=SiQda 0.169af 

Reach 9BR (new node) 

Reach 9 R  Channel WS of 3V Culver( 

Rerch I O A R :  (now node) 
Lenoop 714 M a x  Vel= 5.2 (p. Capknr 243.75 ds 

Reach 1OBR: (new node) 

Reach 10R =esa mad dlvenion channel 

Reach 11AR: (new node) 

Reach 11R culvcui 

Reach I2 Culve hmn F Sb8.a Dnbqze Channel 

Reach 1 3  (new node) 

Reach 14 Culvwt from N& Entnnce Road channel 

1yI: culvertadj%mtto North Entnnco Road 

Reach 16N Channel eaat of North Entrance Road 

Pedl .%nage= 8.922 e( WkF 94.01 Cb lo.m €4 

e 
Pond 1 P  Sedlmentltbn Bash 2 

P- 291 d. 1.453 d OulIlm= 291 da 1.453 af 

Subutchment N: combuction bydown m a  
Tc=l52mhl cK82 W 1 . 0 4 3 E  Ihmoff.3.73da 0244af 

subcachment0:pond 

SubcptchmantFiR:wm~lrydorrnCUEa 

subcabhmsnt PtR: Combllctlon bydown am8 

SubsPWmantWnUlC4ltIOIthofbono\rare. 

~ ~ 1 . 0 -  - -=E -ie.wdr amaf 

T67.0mh CN=W, Area=o.6€6aS PallOR=3.12da 0.150af 

TuB3& cK82 Anra=o.214a R w d = O . B B d s  0.050af 

Tc=ll.lmb -79 ArBa=(l127ac -0.48da O.CQ7d 

I- 920 da 0658 al 
Lenath= 4W.U Max Ve+ 25 fpa CapaEirr 424.60 da armouP 8.87 da 0.656 at 

wbr 25.75 da 1 .W3d 

ReaChI:&ChpNlal 

Rexh2:uestchannel 
Len#h=4oo.u uaxvd=x3fpa CapadW42460da Clrmarn25.lOd. 1.939d 

R e o c h l W S t C h a d  41.23 da 3240 af 
Lenath.400.U WVebS7fpa  Ca@ty=424.60ds OulIlm=40.35& 3234af - 55.70 da 4.566 af 
l€n@h= 80.U Uar Ve!a 4.0 fpa capadlr 428.17 da armouP 55.45 da 4.565 af 

wlw 55.45 ds 4.565 d 

Reach 4: weat channel 

Reach 5: cutvert 
LSngm=85.U Naxv94.9fpa ~ ~ E 4 d a  a m k r 5 5 . 2 3 h  4.563d 

In* 65.23 da 4.563 al 
kngth= 38O.U Max Vel= 4.0 fpa capacitu' 424.60 da (2rmoup 51.31 da 4.565 af 

-57.88Cb 6.100al 
-81.5 h!axVel=5.4fpa Capgay.lW.63da Cwltlw=S7.80da 6.098d 

lrdlaR 67.88ds 6.171 d 
LmpaP1W.U MaxVe!=26(p. Cupa&y=ZWJ..78da outflow;i57.49da 6.167af 

RerchB:wortChaMsl 

Rewh 7AR Haul Road C u m  1 

Reach TBR. Channel between GLS 1 4 a  15 

Rerch 7CR Rimia P d n g  Lot Culvert Infiou; 58.08 d. 8.u4.d 
LergttF 236.0 MaxVel= 8.1 fpa capscirr 288.41 &s CWlbI= 51.75 d. 6.430 d 

tnfl0W;i 58.28 da 6.623 d 
lmgap 237.U Max Vel= 3 2  @a cepacar 599.79 da oumoW= 57.50 da 8.621 d 

I- 83.95 da 8.487 af 
LengttF22O.U MaxVel=3.S@a capacitu'389.11da oumoW=8121da 8.475af 

Reach 7DR Runoff Dmlnage Cham1 soulh of Rbda 

Reach 8AR wB?rtchannel 

West OSDF 
Prepared by GeoSyntec Consultants 
HydrOcAD@6.M) dn OOO928 0 19882001 ApW M b a n n ~ u t ~  S- 

Type I1 24hr RehfalP4.70' 
Page 4 

1/18/2004 

R U M  Area a 39.900 ac Volume a 10.387 af Avwpge Depth P 3.1T 

QQ0363 



Type I1 24hr FlalnfarW.7" 
Page 7 

111612004 

West OSDF 
Prepared by GeosynteC Consultants 
HvdmcpIwb 6.00 dn 000929 0 I 8882001 W e d  Mwmxnputer svltms 

. . .  

WestOSDF 
Prepared by Geosyntec consultants 
HvdmCAwb 6.00 641 ooo929 0 19882001 Wed Micmcompuler SvsCsms 

Tvpe I1 244~ t?&fakA. 70. 
Page 8 

111waYJ4 

subcatchment c vegetated Rnal cover 

Flunc4l = 17.82ds 0 12.11 lu-s, Voluma= 1.301 af 

A M  by SCS TR-20 method. UH=SCS, Time Span= 0.02-24.00 hrs. dl= 0.05 hrs 
Type II 2 M r  Rainfa!J=4.70 

Area(ac) CN D a s d P b  
5.399 83 

Tc 

6.9 

3.8 

6.4 

0.5 

0.8 

0.1 

0.5 

19.0 

Am 

- 

= I g v z y -  
90 0.05oO 0 2  sheet*. 

60 0.1oOo 

150 o.1m 

200 0.1700 

190 0.0075 

60 0.0100 

195 0.0075 

945 Total 

Grsss:& k0.150 P2=2W 

Grass:Shat m0.150 m-260- 
0.3 - 
0.4 - Fbw. 

6.6 shalbw - flow, 
Gns: Stml m 0.150 P2= 2W 

unpaved Kml6.l f p  

BoLW=O.W L)=2M ZS 3.0 6 6.0 'f m 0.W 
4 2  75.84 TrapVee!Tiadch;mnelFlan, 

15.0 
4P51 cbcubrchaMel@Ipe). Diarre 7Xf Areas 28.3 sl P e h =  18.8 r= 1.W m 0.013 

6.6 424.60 T~apVeeiRectchannelFbv, 
B~W=O.W w.0~ z. 6.0 a 2.0 -r rt O.W 

4300364 



6.9 80 

9 8  60 

6.4 150 

os 205 

0.8 190 

0.1 60 

os 185 

19.0 950 

shpe 

s2- 
0.1m 

0.1700 

0.1700 

0.0073 

0.0100 

0.0073 

Total 
- 

0 2  -Ron. 

0.3 spa Ron, 

0.4 -*. 
6.6 s I t 3 a D w ~ R a .  

4 2  75.84 Tm#Vee~%dCharmelFlar. 

~ s h o r l  -0.150 P&2w 

Grasshon mo.150 PE2w 

Graa:yarr -0.150 m2w 
urpaved Kv=I&l@ 

BotW=O.o(l ZS 3.0 6 6.0 Y 0.030 

DtmI= 720 Area= 28.3 €3 b 18.6 h 1.50' n= 0.013 

BotW=O.W D4.W L- 6.0 6 20 Y m 0.030 

15.0 42351 cmularChannd(p&), 

6.6 42460 Tm#VedFleda~annelRon~ 

e . .  .. .. . . 

WestosDF Type I1 2+hr Ralnfdd. 
Prepared by GeoSyntec Consultants Paw 11 
HVdmcAW3 6.00 Sm ooo929 0 18882001 Amfled Mamommiulsr .%terns 111mQP4 

Subcatchment D vegetated final cover 

Type 1124-hrRainhlt4.~ West OSDF 
Prepared by GeoSyntec Consultants Page 12 
bWmCAD@6 M Sm ooo928 0 18882001 A m e d  er W r n s  lllM2004 

subcatchment ER: non-vegetated flnal cow 

[49 Hint TcQdl m y  raquire Mlaller dl 

Rundl E 32.56cfs(P 11.94hrs. Volwne= 1.544e.l 

Rundl by SCS TR-20 melhod. UH=scS, Tae Sparp 0.0&24.00 hffi, dl= 0 05 hn 
Type II 2Qhr RainlaW.7W 

Area(8C) aJ Desdption 
5320 89 

Tc Skg V Z - 2  Desalptkn 

0.9 110 0.0625 2.0 shea*. 
smoovlsudaces n=O.Ml P&2m 
shea-, 
smoomaudaces n=o.o11 p22w 

0.8 150 0.1700 3 2  -flow. 
SmoOmsuffaces n=O.Oll P2=26(Y 

O S  200 0.1700 6.6 S h a D o w ~ R O w ,  
unpaved Knl8.1Ips 

1.4 510 0.0075 6.1 337.31 T@edRalCha~Ud Flar, 

0 2  85 0.0029 6.1 228.07 ctrrrdarChannel(p&), 

4 2  1.100 Total 

( n d n ) O  O (  ) 0 

0.4 45 0.1110 21 

BoLWsO.o(l D3.W L 3.0 6 6 0 7  k 0.030 

C4~1m.72.V Area=ZE.381 FMnk18.B r-1.W ~ 0 0 1 3  



531.6 

smoom- n=o.o11 -2.5s 
-Fbn. 
smoo(hsurfaca~ =a011 - 2 s  
sheet Rar, 
smoomslnfams -0.011 -2.55. 

Unpaved Kv=16.1fps 

0.4 50 0.1OW 20 

0.8 150 0.1670 3.1 

0.5 200 0.1670 6.6 S h a o O r ~ R Q w ,  

0.4 160 0.0075 6.1 337.31 TrapNee/Rectchannd Fkm, 

0.0 53 01)580 36.1 1,019.94 Qrarkr Qlannelm), 

2 9  703 Total 

mw=o.w ~-3.w z= 6.0 a 3.0 'r n= 0.030 

~iant. 72.r ~ r -  28.3 sf perbn= 18.8 1.w n= a013 

West OSDF 
Prepared by GeoSyntac Consultants 
H~dmGAa86.00 sh WOW0 0 1986-2001 Applied Miimunputer SMem 

Tvpe I1 24hr Rahfalld.70' 
Page 15 

1/lWo04 

Subcatchment F1 R: nowvegetated final cover 

West OSDF Tvpe 1124-hr R a i n W . 7 V  
Prepared by GeoSyntec Consultants Paw 16 &w 

Subcatchment F2R: (new no&) 

1491 Hint: Tcddl may require d e r  dt 

Runoff = 9.78cfs 8 11.93hrs. Volume= 0.450al 

Type II 244~ Ralnfail=4.7(Y 
Runoff by SCS TR-20 method UHSCS. T M ~  +- 0.00-24.00 hrs. dl= 0.05 hrs 

Area(ac) CN Desal~Um 
1.550 89 

subcatchment F2R (new node) 



0.069 79 
0333 86 WeQMedAersga 

0.7 270 0.1670 6.6 S h a D o r ~ F l O w ,  
unpaved KV=16.ItpS 
ShaDorcmenbatSdRorr. 0.5 60 0.0167 2 1  
Unpawd Kv; 18.1 rps 

2.0 480 Tot4 

Typs I/ 24-hr RdMdk4.70' 
Page 20 

1/16/2004 

West OSDF 
Prepared by GeoSyntec Consullants 
HvdrOCAwD 6.M) dn mo928 0 1986-ZWl AppUed Maoumvuiw Systems 

subcatchment JlR: conshetion laydown area 

I491 Hint TcQdt m y  require d e r  dl 

Runon = 1.66dse 11 .93hn.Volm 0.073af 

Rllnoff by SCS TR20 method. UkSCS, Time Spws 0.W24.00 Ius, & 0.05 hrs 
Type II 2dhr AainfauJ.70' 

ArFa(ac) CN DEscaiP Ncn 
0.312 82 

Tc Lengm slope V w  C w d d  mlfprron 

28 54 0.1670 0.3 - mill) (feel) (Mi) (Wsec) ( ) 

Grats:!jlKlIl n=O.l5O Ph260. 

Subcatchment J1 R: conshetion laydown area 
HrdmmaDhplot 



West OSDF Type 1124411 RaLnfak4.7ir 
Prepared by GeoSyntec Consullants Page 23 
~ v m o c m  13.00 sm ~ 0 9 2 9  o 1986-2001 Mned Mc--ul~ s-ttwns lIlBRW4 

Subcatchment LR: construction laydown area 

R M  = 5 . 7 3 ~ 1 ~  0 1223hrs. Volume; 0.532af 

Runoff by SCS TR-m inemod. U W ,  Time Spm= 0.W24.00 hrs. dt= 0.05 h n  
~ y p e  n z4hr ~ainfalo4.71~ 

Ar6a(ac) CN Descriph 
2287 82 

28.1 300 0.0167 02 - -. 
0.5 65 0.0167 2 1  ~ C O n c e n h a t e d R a .  

Qrassshar rr.o.150 P2=2w 

U m e d  Kv=16.1 ks 
28.6 365 Total 



West OSDF Type 1 1 2 4 - h r R a i ~ . 7 W  
Prepared by Geosyntec Consultants Page n 
twucAm0.m shoo0929 0 1 9 0 E - 2 0 0 1 ~ l l h O m m p n e r ~  1ItsnooQ 

Subcatchment P1 R: construction laydown area 

FUDlOfl , E 3.12dSO 11.98hrs. Volume= 0.1SBd 

Runoff by SCS TR-20 melhcd. UH=SCS. Tbns Span= O.rn24.W hrs. dk 0.05 hn 
Type II 2 4 4 ~  RaWan-4.W 

Area(ac) CN Desawbn 
0.668 82 

Tc Length Sope V&dly Capadty Descm 

7.0 80 0.- 0.2 shed Row, 
lminl (feet) (Mt) (Itlsec) (ds) 

Grass:Short m0.150 pt2.W 

Subcatchment PlFt cMlSbuction laydown area 

Subcatchment p2R: constructlon laydown area 

Runoff = 0.96dsQ 1200hrs. Vd- 0.050af 

Runoff by SCSTR-20 method. UH=SCS. TIme Span= O.OO24.00 hrs, dl= 0.05 hn 
Type 11 244u RaInM4.7V 

Arealac) CN Lbsamon 
0214 82 

GrassSh0;t m0.150 P2~2.60. 

Subcatchment P2Fk consbuctlon laydown area 

000369 



west OSDF J p  I/ 24Jv R a l n W .  7W 
Prepared by GeoSynfec Consultants Paw 31 
W,dmCADS6M slnWOSZ9 01986-2(101 AppliedMiaommpulerSVsleM 1/16/2004 

Reach 2 west channel 

1651 Warning: Inlet elevation mi Specwed 

Inflow 
outllmv 

25.75dsO 12.14hrs. Volume= 
25.lOds 0 122ohrs. vdume= 

1.943at 
1.939 at, Anen= 3%, Lag. 3.7 min 

Routing by Stor-lnd+Trans melhod, Tim Span= 0.W-24.00 hrs. dk 0.05 his 
Mar Vek&= 3.3 Ips, Mhr. Travel Time= 2 0  min 
Avg. V- P 1.3 Ips. Avg. Tmel Time= 5.1 min 

P e a k ~ l . ~  
capacirv at bank MI= 424.60 ds 

s ~ e  skp z-vafue= 20 8.0 *r 
0.W x 4.W deep charmel. 0.030 LengIh= 4 W . W  Slape= 0.0075 'f 

Reach 2 west channel 

West OSDF 
Prepared by GeoSynlec Conydtants 
H & ~ ~ . o o  dn 000929 81986.2001 b r k d  Mkmcmputer Svstems 

Jvpe 112ehr Rainfalld. 70' 
Page 32 

1 / 1 m  

Reach 3 west channel 

[txj Warning: Wet elevah not s p c h d  

Idow = 4123ds 0 12 16hrs. Volume= 3.240at 
0- = 40.35 ds 8 12.22 his. Volume= 3 234 at, Anew 2%. Lag. 3.3 min 

A m  by Slor-In&T~ans method Tme Span= 0.0024.00 hrs. dk 0.05 hrs 
Mar Ve- 3.7 fps, Mn. Travel Tbne. 1.6 mln 
Avg. Vebcny 1.5 fps, A v ~  Tmvd Ilme= 4.5 mb, 

PeakDepth=IM 

Slde slope Z-valus= 20 6.0 7 

cspadtvat bank MI= 424.60 ds 
0.w 4.w deep channel. E 0.030 W.W sbpe 0.0075 'r 

Reach 3 west channel 

000370 



Avg. V& = 1.6 & Avg. TmVd T!me= 0.9 ntin 

Peak Dep% 1.86. 
Capacnyatbank M426.17ds  
0.W X 4.W deep M. n= 0.030 90.0' slope= 0.0076 '1 
Side slope Z-valua= 20 6.0'1 

Reach 4 west channel 

. . . . . . .  """". . . . . . . . . . .  ............................ L.......'..-....... ................ 
I , . , . . , . .  

.+.A ..................... 
. . . I . . . .  . . . . . . . .  . -. ................... 
s , , . . , . ,  
, , , I , / * ,  ._................._I.. 

I _ _ L _ _ . _ _ J _ _ I _ _ C  _,__ A _ _ L _ J  __,__ . . . . . . . . . . .  
I , I I I , I I I I I  

0 1 2  0 4 5 8 7 8 0 1 0 1 1 1 2 ~ 1 4 1 5 1 ~ 1 7 1 6 1 9 2 0 Z l 2 2 W ~  
Tlnr wx.) 

Reach 5: culvert 

'5-3 Lb 
wlcsr = 55.45dse 1 2 2 0 h r s . V ~  4.565af 
OulROw = 5623dsC4 1221hrs.Vcbm= 4.563af.AmaeO%.Lag.O.5min 

Fwhg  by Slor-WITrans mamod Tm Sp%n= 0.W24.00 Ius, d b  0.05 hrs 
Max. V&cci+ 4.9 rps. hfn TravdT!me= 0.3rrdn 
Avg. Velodty = 1.7 Abg. TravdTrms=O.S ntin 

PeakDE@k1.52 
Capacnyal mMt 396.64 ds 
Afac(ad2.00 has been ~ l o t h e ~ s t a a g a  ard&dwgsdata 
72.0' D i l e r  Fipe n= 0.024 L e  95.U slope= 0.0075'1 

Reach 5: culvert 

. . . . . . . . . . .  . . .  Hvdrorpaphm .......-.........+.................... ... . . . . . . . . . . . . . .  

6 i i S i 5 ii i i i i o i x i  ..-, 

WestOSDF Tvpe I1 2Mr RdnfdM.7W 
Prepared by GeoSyntec Cwultants Page 35 
H v d m C m  6.00 dn ooo928 0 1886-2001 Aoplied M i p u l e r  svstema 1/16/2004 

Reach 6 west channel 

1651 Warning: Inlet elevation rot spedfied 

lnfiow = 55PdsO 12.21hrs. VdUmL?= 4.563af 
Oumow = 54.31ctsO 12.255, Velum= 4.555af. Allen=%. kg=P.Smin 

F h h g  by Stor-IndtTrans method, Time Span= 0.00.24.00 hrs, dk 0.05 hrs 
Max. Veladty= 4.0 fps. Min. Travel Time= 1 .I3 ntin 
Avg. Vebcity = 1.6 fps, Avg. Travel TMe 3.9 min 

Pegk Depttb 1.813 
capadty at bank M 424.60 ds 
0.W x 4.W' deep channel. n= 0.030 Length= 380.0 Slqx= 0.00757 
SMe slope Z-valufr 6.0 2.0 '1 

Reach 6: west channel 
Hyhograph~ 

. . . . . . . . .  . . . . . . . . .  ... .. ..I.-> . .L__C.J_. ' ._ L _,-_ ,__ ................,..,.. 
_L__.__ ,-. L _  _c _,__ 1 _ _ L  __.__,._ 

1 I : I ~ I I I I  
, I O S I I I I  

1 

. . . . . . . . . .  
, , , , ? I , , , ,  

I I I I / I I , , I  . . . . . . . . . .  
1 1 1 1 1 , 1 1 1 1  

_ L _ _ . _ _ , _ _ ' . _ L _ 2 _ _ '  __._ 2 __.__ B 
..-- . .......-. - . ....-. & _ * _ _  

0 1 2  3 4 5 8 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 ~ 2 2 W 2 4  - -1 a 

West OSDF 
Prepared by GeoSyntec Consultants 
HvdmCAW3 6.00 dn ooO923 Q 198&2m1 Ap&d Mlaommplaar Svstems 

Tvpe I1 24-hr l3MaaiQ.kafnfalW.m 
Page 36 

1/16120Q9 

Reach 7AFk Haul Road Culvect 1 

1521 Hint. Inlet ccdlkvs not evaluated 
[E.] Wamlng: Inlet elevatim not spedkd 

lnflnv = 57.96dsO 1225hrS Vdume= 6.1Waf 
Oumow = 51.8Ods 8 1226hrs. V d w  6.098af. Anen=O%, kg=OAntin 

Routlng by Stor-lnd+Tram method. The Span= O.o(t24.00 hrs. dk 0.05 hm 
Max. Velocil)= 5.4 Ips. Min. Travel lime= 0 3  ntin 
Avg. Velodty = 1 .9 $8, Avg. T m d  Time= 0.7 mIn 

Peak Depttb 244' 
CapadtYatbankluQ 166.63ds 
720' Mameter Fipe n= 0.024 Lenglh= 81.S slope= 0.0053 '1 

Reach 7AFk Haul Road CUM 1 

000371 



Reach7BR: Channel between GS 14 a 15 

1 6 5 l W a m & c ~ ~ ~ b P e c i ~  

= 57.98ClsO 1228hrs. VmmWt 6.171 EI 
E 57.49cisQ 1228hrs. V- 6.167EI. -1% bg=lPndn e by Stor-wiTrans method. Ttme Sparr. O.CO-24.00 hrs, & 0.05 hrs 

Mar V- 2 6  Ips. Min Traval Tima. 0.6 ndn 
A- Vdcdty 1.1 Ips. Avg. Travel Tima. 1.6 ndn 

PaakD€pUl=237 
capdly at bank hdk 200.78dS 
0.w x 3 . T  deql chalUl&, m 0.030 Lengltt; 1w.u sope; 0.M23'I 
SIda Slope Z-valuss 6.0 2 0  '? 

Reach 7BR: Channel between GIS 14 & 15 
Hrmamsnhplol 

. . . . . . . . .  
I . 1 1 1 1 1 1 1 1 .  ........................ ..__*-- . . . . . . . . . . .  ..l._.................-.... 

I I I , I , h I I I  
I I I I I I I I I I  .............. r _ _ l  .......-.. .. . . . . . . . . . .  

_ _ L _ _ . _ _ J _ . L _ _ C _ I _ _ I - - L _ _ ' _ _ J _ _  
, , . , * , . * , I  
, , , I , , ,  , , I  ........................ _ . _ _ > _ _  

. I , 6 I I I I I ~  ..... * ................. -..*-- 
I I I , I # I I I *  . . . . . . . . . .  

__I _ _ . _ _ _ _  ~, __C_.__.__r._. __.-- 
, , . I . , * , . ,  

. . . . . . . . . .  

o i z a 4 6 E 7 8 ~ i o i i i z i ~ u i s i ( i i ~ i ( i i ~ ~ n ~ a ~  
nu @a=.) 

lnllow = 
outRow= 

51126 cis 8 1229 hrs. Volume= 
57.56 cfs Q 1233 hrs. Vdumss 

~amng by s t w - ~ ~ r a n s  method. nm spam 0.0024.00 hrs. dt= 0.05 hrs 
 ax. VMW- 32 ~ps. MU. Travel n w  12 d n  

Peak Depth= l.w 

side slope z-vahJe= 4.3 3.9 'I 

A v g V ~ = l . 3 I p s .  Avg.TravelTlme.91 mln 

capacnv at bank Mt 599.79 ds 
256 x 4.71' deep channel. m 0.030 Lenglb Z37.U sropes 0 . W  'I 

Reach 7DR: R U M  Drainage Channel south of RInda 

5 3  116 

f 
b 

West OSDF 
Prepared by Gaosyntec Consultants 
Hldrow\DB 6.W dn ooo929 0 1986-2001 M e d  Mlcmmnwler Smms 

Tvpe I1 24-hr RdnfalL4.70' 
Page 40 

1116Roo4 

Reach EAR: weat channel 

(651 Wa- Idel elevation not w e d  

lnflow E 83.95ds8 12.01hrs. vohrma= 8.487af 
OutROw P 81 2 1  da 8 12.04 hrs. Volume= 8.475 af, Anam 3% Lag= 1 .O ndn 

Rouling by stw-hd+Tm memod. Tune Span= 0.0024.00 hrs. dt= 0.05 hrs 
Max. Velodty. 3.5 fps, Mln Travel Time= 1.0 mln 
Avg.Velodty=l.l Ips. A v g . T t a v e J ~ 3 . 4 m l n  

Peak DepaP 1.33' 
c a p a q a l  bank hdl=389.11 cis 
1328' x 3.W despchamd, rr=O.030 -22O.U Slope=0.0048'1 
sideSlopeZ+ab%=42 26? 

Reach8AR:westchannal 

000372 



West OSDF Tvpe I/ 24-hr RahfaW. 7(r 

lllBRw4 
~ % b Y a m l ~ M i S W m .  paee 41 

Reach 8BR Culvert at Sed Basin 2 entrance 

~Hwlnletmndifiomnotevabated 
pqwamblg:Metelevason~sPedf& 

= 8121ds@ 1204- V o w  8.475af 
= 81.08&@ 12.04hlg Valume= W 7 5 d  Amen=O%. LarpO.1min 

S~OPM+TC~I=S method. r m  span= o.ow4.w hro. a= 0.05 hn 
Msr velocayi 6.8 fps. Min T& T I  0.1 min 
AW. v m  = 2.4 fps. AW. r i -  0.2 min . 
p a a L m 1 . 5 8  
capacffy at bank ruw am ds 
A fador of200 has been apNk3d to the suppkd storage and didwga data 
RO'WameterPipe r~0.013 Length=3O.V Slope=0.00407 

Reach 8BR Culvert a t  Sed Basin 2 enbance 

e 
West OSDF 
Prepared by GeoSyntec Consultants 
HvdmcAm 6.00 dn Worn 0 1886-2001 Awned M m o u t e r  Systems 

Tvpe N 24-hr Ralnfa=4.70' 
Page 43 

l l lsnwq 

Reach 9AR Extended Drainge Channel South of Cell 8 

[65] W m  Inlet SlevaUm not specified 

Inflow = 13.68ds 63 11.93hrs. Volume= 0.611 af 
OutROw = 13.09 Cts B 11.94 hrs. Volume= 0.610 a f .  AIM= 4%, L a p  0.9 rnin 

Routbg by St~r-lnd+Tm~~~ memod. iime Span= 0.00-24.00 hrs. dl- 0.05 hra 

AVQ. Velodty = 1.6 fpS. A% Travel T W  2.0 min 
~ a r  velocity.: 4.7 fps, ran. T ~ V E I  Time= 0.7 min 

Peak oepm= 0.98- 

0.w x xw deep channel. n= 0.030 ~engvp i97.v slope. 0.0250 *r 
side slope z- 3.0 -r 
cepadtv at bank W- 267.67 ds 

Reach 9AR: Extended h i n g e  Channel South af Cell 8 

Hvdrosrsph m a  

, . , . , . / . , .  I I ,  I ,  1 I I I , ,  

0 1 2 3 4 5 8 7 8 9 10 11 12 13 I4 I5 18 17 I8 19 20 21 22 P 24 - -1 

Reach 8CR Channel Into Sed Basin 2 

Tvpe I/ 24-hr Ralnfdd. 70' West OSDF 
Prepared by GeoSynIee Consultants Page 44 
bdrc&W@ 6.00 000929 €3 1986-2001 Awlied M i i p u t e r  svstems lllsrmoq 

Reach 9BR: (new node) 

1521 Hmt Inlel mnditicms not evaluated 
[65] Warning: Inlet elevation not specified 

InfkYw = 13.09dsO 11.94hrs. Volume= 0.610af 
OuwoW = 12.87dsQ 11.95hrs. Vdume= 0.610af. AltemZ%, -0.3rnin 

Ramng by S t ~ r - l ~ i + T ~  memod. T r e  Span= 0.00-24.00 hrs. dk 0.05 hrs 
Mar VdcciIp 5.9 Ips, M h  Travel T w  0 2  min 
Avg. Valodty = 1.8 Ips. Avg. Travel lim 0.8 min 

Peak Deplk 0.m 
capacitvat bank hdk 353.53 ds 
TLQ Diameter pipe n= 0.024 68.w slope= 0.0237 'r 

Reach 9BR: (new node) 



West OSDF T p  /I 24-hr RaMak4.7ff 
PreparedbyGeoSynteccOnsultants Page 47 

Reach 10BR: (new node) 

~ A ~ 6 . 0 0  Sm mo929 0 19882w1 Wkd M k m p l t e r  SVatemS 1/16/2004 

1521 H i  Ink1 CMlditiOns M evaluated 
[ 6q  Waming Inlet elevation ncp spedtied 

Inflow = B.65dsO 11.D3hrS. Volume= 0.450al 
OutAOw = B.58ClSO 11.D3hm.Vdume= 0 . 4 5 0 a f , ~ l % . L a p O . l I r d f l  

Raning ty Stor-Ind+Tmm me- lima Span= 0.0&24.00 hra. & 0.05 hm 
Max. Vebdty.. 5.3 tps. Mln Tmvd T m  0.1 inh 
Avg. Vatcdly = 1.6 fps, AVO TmVd TbTtS= 0.4 Rlin 

Peak oepas; 0.69 
capacnyat bank Mb 343.51 ds 
7 2 W  Mameter Pipe n= 0.013 Lensap 38l7 slcpe. 0.0066 7 

Reach 10BR: (new node) 

.... ................. ..... . . . . . . . . .  , 1 1 1 1 1 1 1 1 1 '  
, I . I I I . I .  

_ _ _ A  ..... , . - 2 - .L . -L . *  .... .............. ............... I I I I I I I I I I /  . . . . . . . . . . .  _ _ _  

1 1 1 1 1 1 , 1 1 1 1  . . . . . . . . . . .  . . . . . . . . . .  

0 I 2  3 a 6 8 7 8 D l O 1 1 1 2 1 3 U l 5 1 ( 1 1 7 1 8 1 9 W 2 1 ~ ~ ~  - nDM) 

Type If 24-hr Rainfa!&#. 70. 

Reach 10R: access road diversion channel 

1651 Wamlng: Inlet elevalim not SpeCiM 

2 1 2 o d s e  11.D3hrS. vdume= 
1928dsO 11.98hm. Volume= 

0.BW af  
0,maf. Allen=%. b p 3 2 m i n  

RouUng by Sl~r-lrrkTranS tmlhod, Tbm Spar!= 0.0024.00 hrs. db 0.05 hrs 
Max. Ve!u%y=26fps, Min. TnrfelTlme=2.1 ndn 
Avg. Velodty = 0.6 fps. Avg Travel Tim= 8.7 min 

Peak O e p h  0.w 
capac i t ya tbank~172BOds  
7.w x 254 deepchannsl. n=o.m Lengm=Jzo.l7 slope=o.oosor 
sida slope z-value. 3.0 *r 

Reach 10R: access road dhrersion channel 

000374 



Reach 12: Culvett from F Street halnage Chankl 

[52] Hint inlet eMdilions no! avaluated 
[6s) Warning: inlet elevation not specified 

tnRow = 3249cfsO 11.Whrs. Vdums= 1.711d 
0- = 32.07cfsO 11.98hrs. V d W  1 J l O a l .  -1%. Lap0.7rnln 

AVg VeroeRy = 1.3 Ips, Avg. Travel T I  1.4 ndn 

PeakDeptb 1.14’ 
Capadty at bank ~ t ;  413.70 cts 
A lactord 200 hasbeen appliedto the supplied slorageanddschargedata 
72WDiameterPii mO.013 Length=tO4.8 Sape=O.00247 

Reach 12 cuhrerl from F Street Mnage Channel 
HydrwrWhm 

- 1  __.- .& _.__ L _ . L  _.__ 1 _ _ . _ A _ _ ’ _ _  
1 1 1 , , . , I , I I  , , , , , . / .  .... ...I..L.A.....L.d .. ......................... ..... . . . . . . . . . . .  

_ _ 1 _ _ L . & _ *  
1 1 1 1 1 1 1 1  ....................... ..................... . . . . . . . .  I I I , I I I I / , I  ........................ .. ...,.. ....... ,. _.__.__,_ ., ..... 

, I , . #  * , , . . ,  .......-.............. ...-..... / * I , , , , ,  ....................... 
_. 

. . . . . . . . . .  

. I t . .  . . . . . . . . . .  . . . . .  . . . . . . . . . . .  . ..... .L .............. _._*_.__ 
, 1 , 1 1 , 1 1 1 1 1  

..........-............... 
.....-.......C .........-.... . . . . . . . . . . .  .....-. .............. ..-.... 
I I I , , I I I I . I  

L.... , . , I , , , . , .  ..... ................... 
I I I I I I , I I I ,  

_ _  __.._ _ _ _ _  _-_.. ___._ --..- ~ .-_.-_ _.__.__._.__.__._-_.__ , . , I , . , ,  , I  

.* ......................... . . . . . . . . . . .  . . ~ .-_._.__._ _r_ .__._ _._~_ _.__ , . , , . , 1 * / I  

I I I I I , I I I I I  
.-..... .............-...... . . . . . . . . . .  ........................... ....._...............,.-.... 

0 I 2  3 4 5 E 7 6 0 1 0 1 1 1 2 I 3 1 4 1 5 1 6 1 7 1 E 1 ~ ~ ~ ~ ~ ~  
Thr (houri) 

5 3 1 6  
wlar = 1 9 2 8 & 8  11.9811rs.vdulne= 0 .Sse l  

Roulhg by s t o r - M T m  meltad. Time Sran. 0.W24.a) Ins d h  0.05 hrs 
W V- 5.4 Ips. Mbr. Travel Tbm= 0.1 ain 
AVg V- = 1.6 Ips. Avg. TravelTlnb?= 0.5 mhr 

P 19.17dsO 11.98- Vdulne= 0.985d. A-1%. -02ndn 

Peakoepm= 1.m 
Cepscnv at bankhdb 264.80 cfs 
72W Dtameter P@a n= 0.013 Lema& 48.6 8- 0.0039 7 

Reach 11R cuktl 

Reach 1 3  (new node) 

[W Hlnl: Idat conditions not evatualed 
I651 Warning: inlet elevation not specifled 

Irdlav = 5.73dsB 1 2 2 3 h .  Vdulne= 0532af 
ozmkw i 5.71 ds 8 1224 hrs. Vc&ne= 0.522 af. Anen= O?& Lag. 0.8 ndn 

Rouhg by SlU-hd+Tfa~?S method. Ttme Sparr. 0.0024.a hrs. dl= 0.05 hrs 
)rlar V&dlp 4.9 Ips. Mbl Trave4 Tun€= 0.4 & 
Avg. Velocity = 1.8 Ips. A w  Travel T m  1.1 & 

Peak Depth= 0.51’ 
Capacity a1 bank full= 386.61 cls 
724 h t e r p l p e  -0.013 lEngth= 120.0 Skp€=O,CUJ83’f 

Reach 1 3  (new node) 

000375 



West OSDF Type /I Zchr ReinfaI%4.70' 
Prepared by GeoSyntec Consultants PaeesJ 
~ r m o ~ ~ ~ ~ 0 0 r ) n 0 0 0 [ ) 2 8 0 1 ~ ~ ( ~ 1 0 1 ~ w ~ o s o n p r ( a ~ y s 0 a r r  lllsRoo4 

Reach 1 4  Culvert from North Entrance Road channel 

1.521 Hint I& - d evahrated 
mwamirDa: ln!&ekdon dspgised e! by stor-lnd+~ran~ method. mne 

= 3.20&@ 1201 hrs volume= 0.169af 
= 3.11&@ 1 2 0 3 h  Volume= 0.169af Allen=% Leg31.Omtn 

0 . w 4 . m  hrs. de 0.05 
u a X V e 3 . 5 t p s .  hl inTravelm0.5min 
A*. Vdai ty  E 1.4 e. A*. Travel 1.3 rrdn 

pea l lDepaPO.27  
capacity 81 bank* 82256 cb 
Afaciorol200 hasbeen aPW lo um SUpFued stomg.3 and dipcharge data 
n.cr-~ipe ~ 0 . ~ 4  ~eneth-ir2.v sbpeso.mi*r 

Reach 14 Culvert from North Entrance Road channel 

A I 

West OSDF 

HydmCAWD 6.00 sln wo928 0 198B2001 Applied Mktumnpuler Svrtems 

T p e  I/ 2- RafnfdH. 70' 

1- 
Prepared by GeoSynlec Consultants -55 

Reach 16N Channel east d North Entrance Road 

I651 Wandng Inlet elevation nol spedUed 

Inflow = 3.58dsfd 11.84hrs.Volume= 0.170al 
OuWow = 3ZOds 0 1201 hrs, Volume. 0.169al. Ana= 11%. Lag=4.8min 

R d n g  bf Stor-lnd+Tmns memod Tbna Span= 0.W24.00 Ius, dl= 0.05 hn 
Max. Velaily= 2 2  Ips, Min. Travel Time. 2.9 min 
AVQ. Velccily = 0.8 rps. Avg. Travel Time. 7.7 min 

Peak DeplI-0 0.90- 
Capadly at bank fub 7l.48 ds 
0.m x 28s deepcharmeL m0.m Le*382v slope=0.00697 
sidesbpezyalue.zz i . 4 ~  

5 3 1 6  
innow I 0.4BdsO 1204lus.Vdurm= 0.a27at 
OuWow = 0.46dsO 12@5lus.Vdurm= 0.027at,Atlert.lXLapO.8min 

Rarting by SlOr-lnrkTmns nmlhod, Ttms Span= 0.0024.00 Ius, d b  0.05 hrs 
MarV&c+24rpS, M h T i a ~ e J l i i 0 . 4 m i n  
A% VelocHy = 1.3 rpS. AW Travel Tmrr= 0.7 min 

Peak DeplI-0 0.1s 
Capadtyal bank Mts 406.62 ds 
720. Diamslerplpe n=oo.01o L€ngth=s.v slops.0.00557 

Reach 15N: Wvetl adjacent to North Enbance Road 

West OSDF 

HvdmCADB 6.00 d n  -9 0 198BMo1 Wbd M i u o c a w r  Svstmu 

Type /I 2chr Rainfall==. 70' 
Page 58 

111w2004 
Prepared by GeoSyntec consuRants 

Pond 1P Sedimentatlon Basin 2 

Innow = 44.01 chi@ 12041a4 VOIUmB= 10.3C6af 
OumoW = 2.91 crS@ 16.88hra V O I W  1.453af. Atlen=97%, Lag=409.0 min 
P d m q  = 2.91 &@ 18.86hrs. Voluw 1.453al 

R d n g  by S t d n d  nlelhod. Time Span= 0.M24.W hn, dl= 0.05 hn 

Peak b v =  575.67. stomse= 8.922 at 
PIugFlwdetentionttm~PSSJ.8~caladatedf~l1.453af(14%d'~)  * 

Slotage and wtted areas debmumi bycMkseetlons 

Ekwion SurfArea Inc.Stm Cum.ston, wav\rea 
(feet) (acres) 

570.50 1.480 
571.00 1.512 
572.00 1.614 
573.00 1.713 
574.00 1.819 
575.00 1.917 
576.00 2.028 
577.00 2.182 

~acre-feen ( au&eel) 
0.000 0.000 
0.743 0.743 
1.553 2308 
1.683 3.969 
1.768 5.735 
1.888 
1.971 
2.094 

7.602 
9.574 

11.687 

0 
1 .a 
1.513 
1.617 
1.719 
1 .827 
1.928 
2.039 
2.177 

ournow (FWDischarge) 

fE!EdG- 
3=&oad-Crerted Redangufar Weir 

# Rwtinl Inved ChdMDevices 
1 Devica2 575.W 48.VHabOriRcelGrats UmitedloWRm C=O0.6M) 
2 Primary 570.76' 38.V x680.O'long Culver( Ke-0.700 

3 Rimary 578.W 20.0 long Bmad-CRsted Rectangular Weir 
Oldlell-583.M S--O.01107 WO.024 CC=O.800 

Head(feet) 0.50 1.00 1.50 200 2.50 3.00 4.00 5.00 
caef.(EneW) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 



West OSDF 
Prepared by GeoSyntec Consultants 

T p  /I 24-hr RainfaP4.70- 
Page 57 

~ ~ 6 . 0 0  rlnmo923 0 1 8 8 8 - m O l ~ ~ ~  . Ill8ROW 

Pond 1 P  Sedimentation Bash 2 
lhdrmraDbm 

0 '  

000377 
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WEST OSDF CONSTRUCTION-PHASE DESIGN SCENARIO 
100-YEAR, 24-HOUR STORM EVENT 



West OSDF 
Prepared by GeoSyntec Consultants 
WdmCAD7J 6.00 dn Mx)828 0 19&2001 A+WM MiCmC0mSlter svslans 

T p  I1 244r RahfaIkb.60' 
page 3 

1118Roo4 

Pond I P  Sedimentation Basin 2 
HvdrmraDh Plot 

peakoev=575.8s s10(80g9rnd 
phlgmw deIeMth h 3 7 0 . 3  mbl cakutatad lor4.171 
~ a n d v e a e d a f e a s d d a m b n e d b y ~ s e d l o m  

Elevation surf- lnrstore h.s lore  weL/\rea 
(test) ~acres) bm&en ( a m )  (acres) 

570.50 1.460 0.000 0.m 1.460 
571.00 1.512 0.743 0.743 1.513 
57200 1.814 1.583 2.308 1.817 

3.869 1.710 573.00 1.713 1.683 
574.00 1.819 1.768 5.735 1.827 
575.00 1.917 1.868 7.602 1.928 
578.00 2026 1.071 0.574 2039 
577.00 2.182 2.094 11.667 2 1 n  

af W )  

- (FreeDiscbIw) TGme 
LIROulinq lmertC41WDevkes 
1 Devia12 575.W UlkHorbOliRselGrato UmkedtoWeirRov C=0.600 
2 Rtmary 570.78' 38.0" x68llWlongCulvet-l -0.700 

3 Pfimafy 578.W Z O . C P b n g E m s d - C r e s t a d ~ W a b  
ou(lal IW.Z-A= 5 8 3 . 3 ~  s= o.oiio*r IF 0.024 cu o.m 
Head (fed) 0.50 1.00 1.50 200 250 3.00 4.00 5.00 
c€ef.(Englkh) 3.00 3.w 3.00 3.00 3.00 3.00 3.00 3.00 
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post dev East OSDF Tvpe II 24411 Rainf+2.55' 
PreparedbyGeoSynlecComuPann h g e  1 
HvmocAD96.00 sln 000929 0 1985-ZCO1 A m b d  MlaommMer %ems 1 n s m  

Tuna spandJ.00-36.00 hFS. dM.05 hrs. 721 pohrts 
Fhmon by SCS TR-20 memod. UHSCS. Type II 2 4 . 4 ~  RalntaIt2.55' 

ReachmutinebyS(a-lnd+Transmamod - PmdmrUngbySlor-Wmemod 

Subcatchment k vegetated final cover system 
Tc=173mb a 7 4  h 1 . 9 6 4 ~ ~  ~ 1 3 d s O . 1 0 4 a l  

ment AA: open space with good grass cover 
T e l B 8 m h  -74 h=a=Z.mBac fkmdbl.E9dsO.l44al 

Subwtshment E vegetated final coyer system 
T d 2 m b l  u t 7 4  Area=1.179= ~ - 1 2 5 d s 0 . 0 6 3 a l  

8. 
subcatchment BE: open space with good grass cover 

Tca.1 m h  ut79 AreaS.761 ac M= 1.02 ds 0.055 al 

Subcatchment C vegetated final cover system 
Tc-20.7min u t 7 4  - 2 0 9 ~ ~  mnnU=alem o m &  

subcachment c c  open space with good grass cover 

Subcatchment D veg& final cover system 

T d . 7 m i n  ut79 A r d . 1 2 1 8 ~  R m x % O . l 8 d s  0.0Xal 

Tem.1 min u t 7 4  AreaJ.131 ac RMofb32ods o m a l  

Subcetchment DDR: vegetabd final m e r  qs tem 
1-7.6 min c e 7 4  -.WE mnn~=o.sm amal 

subcatchmat E: vegasced final cover system 
1-19.7 min CN=74 Area5092 ac RMofb 3 2 1  ds 0270 at 

-nt EE: open space with good grau wver 
T d 5 . 4  m b  UkTI A r M . 8 2 S  ac Rmdk 0.63 ds 0.- al 

Subcatchment F: vegetated final cover system 
Te19.7min CN=74 AreaS.053ac F(Umth3.19ds m a l  

Subcatchment FFR vegetated final cover system 
Tc=17.6min -74 AreaS.4lOac RUnoff=l.E3ds 0.128af 

Subcatchment 0: vegetated final cover system 
Te19.8 min C k 7 4  Area=5.W ac Rundl= 3.34 ds 0282 al 

Subcatchment GGR: open space with g w d  grass cover 
T d 8 . 3  min CN=67 AreaL2.350 ac Flunoth 0.53 ds 0.074 al 

Subcatchment H H  open space with good grass cover 
Te13.9 min CN=79 Area=O.548 ac Runcdo 0.62 ds  0,040 a1 

post dev East OSDF 1 4 $I 3q$h? I1 24-hr Rainfak2.55' 
h g a  2 

er Svrtws 
PreparedbyGeoSynlecConsullants 
-coo hmOw929 01986.Mo1mpEedMilxXxm~ 1/19/2004 

Subcatchment HR: vegetated final cover system 3 3 1 6  v 
T ~ l 7 . 7 m h  U k 7 4  Area=4.5%ac Rumn= 1 0 d s  024381 

subddmmnt U: open space with good grass cover 

Subcatchmt IR: vegetated flnai cover 

Te23.Omin CN=68 Areg-l.669ac Rumtl=O.50& 0.Wal 

T-7.3- U k 7 4  A r d b o o a c  RMcffO.61& O.CSal  

SubcaIchnmnt J J  open space with good grass cover 

?.ubcatchment JR: vegetated final cover 

Te41.9mb cN-b2 AmwJ.914ac IonoB=O.O7ds 01318al 

T d . 8  min u t 7 4  Arae.=Z.520 ac RumB= 1.54 ds 0.134 al 

Subcatchment KlR: open space wkh good grass cover 
T d . 9 m h  -74 Areko382ac R M c f f a 4 2 d s  0.Ox)al 

Subcalchment WR: open space with good grass cover 
Tc&3.4rnin CN=€6 Amaa.53oac Rutomo.mds 0.015al 

Subcatctunent K K  open space with good grass cover 
T d . 4 m i  CX-54 k a e a 9 3 a c  Runcdl=a7Ods 0.141 al 

Subcatchment L open space with good grass cover 

Subcatchment u: open space with good grass cover 

Te15.4- c N 7 6  Aread.687ac Ruml7=1.45ds 0.102al 

T d 8 . 1  mh CNdl b 7 . 0 4 9  BC RunoE= 0.54 ds 0.124 at 

Subcatchment M: open space with good grau cover 
Tc=12.1mh C k 7 9  AreBlMoac FUmc$l=l2odsM73al 

subcatchment MU. open space with good grass coyer 
T d . 9  m h  CM61 Araa4.943 ac .Famoll= 0 2 9  ds 0,034 al 

Subcatchment N: direct runon to pond i:: - .- .- 
Tc=l.Omin CN=98 h 7 . 8 1 8 a c  F&lM=31.03ds 1612al 

Subcatchment NN. open space with good grass cover 
Te1.4 min cK.66 kea=1274 ac RMcff a73 ds 0.037 al 

Subcatchment 0 open space with good grass cover 
Tc1.3min CN=79 Area=l.B17ac R u n o k 2 2 5 d s  0.096al 

Subcatchment 00: open space with good grass cover 
T 6 . 4  min CN=66 Aread.339 ac Runolk 0.19 CIS 0.012 al 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
WCCADSJ 6.00 sh -9 o 1986-mi Ap0re.j ~iuocomput er Systems 

Subcatchment P: open space with good grass cover 

Type It 24-hr Rainhtl=z.55' 
Page 3 

l / l W  

Te33.7 min CN-75 Area5238 ac Runoff= 2.50 d s  0.297 a1 

Subcatchment P P  open space with good grass cover 
Tc79.5 m h  C k M  Area-40.964 ac R d =  3.01 ds 0.983 al 

Subcatchment 0: open space with good grass cover 
T d 1 . 8  min CN.72 Area.7.703 ac M= 2.69 ds  0.356 a1 

Subcatchment R: open space wkh good grass cover 
Td1.6mm CN-74 AreaL2.612~~ hmdI=1.55ds 0.139d 

Subcatchment S: open space with good grass cover 
Te27.9 m h  W.78 Ana=0.402 ac Filmon= 0 2 8  ds 0.027 a1 

Subcatchment TR: open space with good grass cover 
T d . 7  min CN.74 Area=0.W ac R d =  0.05 ds 0.w2 a1 

Subcatchment U open space with good grass cover 
T d 2 3 m h  W=72 AreaA.149ac Runofk1.54ds 0.192al 

Subcatchment V. direct runon to pond 
Tc=l.Omin wJ=98 Area=O.274ac' Rlmon= 1.09ds 0.053al 

Subcatchment W open spa- with g w d  grass cover 
Tel2.B min CN=72 Ares=10.593 ac Rundf. 7 2 2 d s  0.490al 

Subcatchment X: open space with g w d  g r a s  cover 
T d . 4 m i n  -71 Area=ll.85Jac R d 3 . 8 7 d s  0.510al 

Subcatchment y: open space with good grass cover 
1~36.8 min W=73 Area=6.522 ac Run&= 243 CIS o m  a1 

Subcatchment z: open space with good grass cover 
Te23.7 min W=72 Area=1.606 ac M= 0.74 ds 0.074 a1 

Idkw= 2.09 ds 0.167 al Reach 1: east drainage channel 
Lengm=42o.W MaxVeL 1 . 3 1 ~ ~  Cepacinp754.76ds oumoW= 1 . 7 9 ~ 1 ~  0.167al 

R: (new node) lnllar- 0.54 ds 0.124 al 
Length=l00.0 MaxVeC2.6fps Capacity.. 1.101.12ds OumaU.O.54ds 0.124al e 

Reach 2 east drainage channel wlan 4.96 ds 0.443 al 
Leneai; 42o.W Max Vel= 1.8 IPS Capacity= 12X.88 ds Ovmow. 4.62 ds 0.443al 

Inllnv- 0.29 dr 0.034 al 
Le- I00.0 MaxVek2.1 Ips Capacity. l.101.12ds Outllow-0.27ds 0.034al 

Reach 2R: (new node) 

. . 

post dev East OSDF 
Prepared by GeoSynlec Consultants 
W o C A D B  6.03 sln CW929 0 1986-2001 ApW Mioaanputer Svstems 

Typ8 Il24Q-hr Rainfan-2.5.55' 
Page 4 

1/19/2Cq 

Reach 3 east dralnage channel wlom 7Mi ds 0.715 al 
Lenglh= 420.W Max Vel= 2.1 Ips Capacity= 1.563.67 ds OumaV= 6.83 ds 0.715 a1 

lnllow= 0.73 ds 0.037 al 
Length= 1W.W MaxVek2.71~~ Capacity-1.101.12ds o u M o w ; O . 6 7 d s  0.057al 

I-- 8.61 ds 0.985 al 
L e n g k  420.0' Max Vel= 2 2  tps C a p a l p  1,108.53 ds oumoW= 8.51 d s  0.985 at 

Reach 3R: (new node) 

Reach 4 east drainage channel 

tnmW=9.97& 1253al 
LenguI.44O.W MaxV&22fp Capacity.. 162.58~5~ Oumom9.62ds 1 2 5 3 ~ 4  

I n l k  11.07ds 1.535al 
Length=4m.W Max V e t  2.9 Ips Capacity.. 258.21 ds OumoW= 10.99 ds 1% al 

InOow.llfl2ds 1.779al 
Lenglh= 400.0' Max Vel= 2.9 Ips Capacity.. 1,63224 ds OumoW= 11.75 ds 1.779 al 

!nlbw=12.13ds 1.906al 
Lenglh= 220.0 Max V e b  2.0 Ips Mpadly- 1,597.49 d s  C%llbw= 12.07 ds 1.906 al 

I- 12.17cls 1.954 al 

Reach 5: east drsinage channel 

Reach 6: east drainage channel 

Reach 7R: m o f l  diversion channel 

Reach 8R: runofl diversion channel 

Reach 9R: runofl diversion channel 
Length- 120.0' Max Vet 2 2  Ips Capacity.. 462.89 d s  oumoW= 12.14 ds 1.954 al . 

Reach 10AR runofl diversion channel hl4w1= 1223 ds 21306 al 
Len@-365.0 MaxVeb2.0Ip Capaafy-s646.1Ods OutOov.12.17ds 2.006al 

1254 d s  2155 al 
Len@k179.(1 MaxVeL1.7Ips CapaCav;-m2..01ds OuYJ?m=125Ods 2.155al 

Idbw= 12.72 ds 2229 al 
Length= 40.0' Max Vel= 3.9 Ips Capacilp 522.31 ds oumoW= 1272 ds 2229 al 

I n h =  12.72 ds 2.229 al 
Len* 240.0' Max V e k  2.0 Ips Cap+ 317.79 ds WbV= 12.67 d s  2229 a1 

InOow. 2 3 . 3  d S  5232 al 
Len- 450.W Max V& 2.2 Ips Cawcily- 346.63 ds outlbV= 2326 CIS 5231 al 

hmow=O.l8ds 0.009al 
Length= 420.W Max V e t  0.7 Ips Capadtp 22.78 ds oumoW= 0.11 ds 0.009 al 

W h =  1.04 ds 0.064 al 
Len- 420.0 Max Veb  1 3  Ips C " P " 9 -  61.62 ds -=OB ds 0.W al 

I n l h  2.68 ds 0.208 al 

Reach 10BR: (new nods) 

Reach 11: new CMP arch 

Reach 12R: runofl diversion channel 

Reach 13R: Nnofl diversion channel 

Reach 14: east runm channel 

Reach 15: east runon channel 

Reach 16: east Nnon channel 

VOrn'132"" Length- 420.0 Max Vel= 1.9 fps Capacity= 



Type /I 2dhr RainfakZ..55' 
Page 5 

post dev East OSDF 

Em2rnY&%E%i ,wpw mmczaw Esvrtsnt 1119Roo4 

Reach 17: east tunon channel --320ds 0282al 
LmgLh=42O.U MaxVek2.3tpo Cnpx%)=435.18& CUtRm=908ds a282al 

bmou=5.48ds 0.605al 
Lengk44O.U MaxVeb2.6C csPadly.1692JdS oumo\n5.35ds 0.60581 

9 d n m o n c h a n n e l  tdlm=9aads l . l l5al  
LengLk4M.U MaxVetlStpo capady=911.12& oIww=&71ch 1.115al 

Reach 18: eastnmon channel 

1n~o*hlo.o7ds tdosaf Reach* e a s t m c h a n n e l  
Lengk75.u uarvekestpo Capaar.153B4ds Olrmor=lO.a3ds 1.605al 

-7.74ct~ i.ai7al 

e 
Reach 21: east NIIOII ChaMel 

L-65.0. MaxVek29tpo - l W X &  oumo\n734& 181781 

-7Blds 1B44al 
Lengk1W.U MaxVFb2.9tpo -7BOdS 1.844al 

Wlor=Bnds 2.042al 

Reach 22: eastnmon channl 

Reach 23: new CldPsutver*r 
L.qfk92.u Maxvet32fps capeEar468.67ds Olrmorr82ld.r 2042al 

ReachZbNlWnchannd wb.n 9.31 ds 2398 al 
Lengk160.U WVek22 tps  capaCarlU54cb Olrmorr923ds 2397al 

lnfbw- 1027 ds 2.694 81 
LengkUU MaxVeka4tpo c a p a C a r 4 7 5 Y d s  -1027ds 2.694al 

ln l l~~=  10.27 ds 2.694 al 
Lengk3m.U MaxVet2Bfpr capaCaY=80.11ds Oulbw=1024ds 269481 

Inllau= 10.41 & 2.795 al 
Lag% 106B MBI VLb 3.0 Ips capkar= 39858 ch f3rLlh= 10.40 ck 2.795 al 

1- 12.58 ds 2.155 a1 
Lengk14O.U MaVeb3.4lps capacar427.00& Cd€!~~=12.54ds 2.155al 

Reach 25: new CUP m'ch 

Reach 25: NnOn C h a M d  

Reach n: new CMP arch 

Raach ZBR: new CMP culverts 

Reach 2% east NnM channel wb.n 7.95 ds 1.904 al 
Len$h=23o.U MaxVetzgtpS capariIy.25523& OuUlow=7.W& 1.903al 

hRov= 7.74 ds 1.817 al Reach 3 0  east NnM channel 
-3o.u MaxVetZsfp -104.05ch 01pflar=7.74& 1.a17a1 

1rd)Ow- 225 dr 0.096 81 
Len+- 8o.U Max Vel= 3.7tps- Capsay= 1.M5.91 cis outflar. 220 ds 0.096 al 

Reach 31: culvert 

Pond 1 P  (new node) PeaksloraQe=l.mal Inlbw=11.25ds 1B5Jel 
F7bnq-7.74~3~ 1B17al OuiJkw=7.74ds 1B17al 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdroCAwo6.00 sln W 2 9  0 19862001 &pied Mi- er %ems 

Tvpe I/ 2 4 h r  RainfalkZ.55' 
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1/19/2004 

Subcatchment A vegetated final cover system 

Runoff 1.34clse 12.12i-u~. Volume= 0.10481 

Runon by SCS TR-20 mew. U H S C S .  T!ma Span= O.CU36.00  IS. dl= 0.05 hr5 
Type I1 24-hr Rainlak2.55' 

Area (ac) CN Description 
1 . m  74 . 

Tc Length Slope Velodty Capacity Description 

6.9 90 0.0500 0.2 Sheet Flow. 

3.6 60 0.1oOO 0.3 Sheet Flow. 

6.4 1 M  0.1700 0.4 Sheet Flow, 

02 80 0.1700 6.6 Shallow C-trated Flow, 

(min) (leet) (WH) (fvsec) (ds) 

GrassShorl n=O.150 p2=2.60' 

Grassshort 0~0.150 P2.2.60' 

Grass: shat n=O.150 P2= 2.60' 

Unpaved Kv= 16.1 rpS 
17.3 360 Total 

. Subcatchment A vegetated final cover system 

post dev  East OSDF I%/ 39 

Pond 3p: Borrow Area Bash 

5 3 1 6  

post dev East OSDF 
Prepared by GeoSyntec Consullanls 
W r o C A m  6M) dn oOo929 0 19862001 AppGed Macmnmer Svstems 

Type I/ 24-hr Rainfa//=Z.55' 

1 / 1 9 n m  
Page 8 

Subcatchment AA: open space with good grass cover 

Runon = 1 . 8 9 ~ 1 ~  63 12.11 hrs, Volume= 0.144 a1 

Rumall by SCS TR-20 melhod. UHSCS. Tima Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Type 11 24-hr Rainlak255' 

TC Lenglh Slope Velodty Capacity Description 

15.0 3w 0.0800 0.3 Sheet Flow, 
(m'n) (leel) (MI) (fvsec) (CIS) 

Grass: short n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 ips 

Bol.W=O.OO' k2.W Z= 3.0 T n= 0.030 

0.6 170 0.O800 4.6 Shallow Concentrated flow, 

1 2  300 0.0070 4.0 48.01 TrapNealRect Channel Flow, 

16.8 770 Total 

Subcatchment AA: open space with good grass cover 

(600383 



Subcatchment B: vegetated final cover system 

mnmn 5 125ctso 1 1 . 8 9 ~ V d W n 6 =  0.063al 

Tc Length Sope Velodfy Cepaaly Descriptm 
(min) (leal) (MI) wsec) (ds) 

2.6 50 0.1800 0.3 Shsel flow, 
Grass: Shal n= 0.150 P2= 2.W 

3.6 450 0.0045 2.1 9.75 TrepNeelRactChaMel Flow. 

6 2  500 Total 
BOl.W=O).o(y D=1 .OY Z= 6.0 8 3.0 7 ID 0.030 

Subcatchment B: vegetated final cover system 

past dev East OSDF iq7 / 34q Typslf24-hrRainfdS.55' 
Prepared by GeoSynlec Consultants Page 10 
Hvdmw\a86.W d n ~ O l ~ 2 C O l ~ M E m m n p l t e r s Y + t ~  1 1 1 9 m  

Subcatchment BB: open space with good grass cover 

5 3  16 Runofl = 1.02dSe l2.OlhrS Vchrme= 0.055al 

Runoff by scs TR-20 memod. UKSCS. rrms span= 0.00-36.00 hs, dl= 0.05 hrs 
Type U 2441 RainIaIt2.55' 

Tc Length slope Veloay -dry Dewrip- 

6.7 110 0.08w 0.3 Sheet flow, 

2.4 3M) O.Oo40 2.5 2278 TrapNee/RsctChannelFlow. 

9.1 470 Total 

(mm) Iteel) (MI) (Nsec) Ids) 

Grass: Shcul n= 0.150 P2= 2.60' 

Bol.W=O.W' D=l.W Z= 3.0 8 5.0 'I ID 0.030 

Subcatchment BB: open space with good grass cover 

Type /I 24-hi RainfallS.5S 
Page 11 

l/l9/2004 

post dev East OSDF 
Prepared by GeoSynlec Consultants 
I W r d l A D B  6.00 dn W929 e 1986-2001 &flied MicnxamDuler Svstems 

0 
Subcatchment C vegetated final cover system 

Runoff E 3.18cls 0 12.16hrf Volume= 0.276al 

RumH by SCS TR-20 melhod, UH=SCS. Time Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Type II 24hr RainlalI=2.55' 

Area(ac) CN Description 
5209 74 

Tc Len@ slope Velairy Cap* Dewription 

6.9 90 0.0500 0.2 Sheet Flow, 

3.8 60 0.1OOO 0.3 Sheet flow, 

6.4 150  0.1700 0.4 Sheet Flow, 

0.4 170 0.1700 6.6 Shallow Concenbated flow, 

3.2 4W 0.0045 2.1 10.88 TrapNeelRest Channel flow, 

(min) (leet) (WI) (ftlsec) (as) 

Grass: Shod n=0.150 P2=2.60' 

Grass: Shod n= 0.150 P2= 2.60' 

Grass: shorl TY 0.150 P2= 2.60' 

Unpaved Kv= 18.1 Ips 

Bol.W=O.W D=l.OY Z= 6.0 6 4.0 7 n= 0.030 
20.7 870 TOM 

Subcatchment C vegetated final cover system 

Type I/ 24-hr Rainfal/S.55' 
Page 12 

1/19/2004 

post dev East OSDF 
Prepared by GeoSyntec Comdlanls 
HymoCADB 6.00 dn ooo929 0 1986-2M)l A W r i  Minaxmouter Swlerns 

Subcatchment C C  open space with good grass cover 

Runoff = O.1BdsB 11.99hrs Volume= 0.009al 

Runoff by SCS TR-20 rnelhod. UHSCS. Time Span= 0.00-36.00 hrs, dt= 0.05 hrs 
Type II 24hr Rainlall=2.55' 

Tc Lenglh S(0pe Velocity Capadty Desufplion 

6.7 110 0.0800 0.3 Sheat Flow. 
(mid (feel) (Wfl) (Wsec) (ds) 

Grass: Shcul n= 0.150 P2=2.M' 

Subcatchment CC: open space with good grass cover 
Hydrograph Plot 

000384 



post dev East OSDF 
Prepared by Geosynlec Consultants 

Type N 24-hr M f d k 2 . 5 5 '  
Pap 13 

er SMem -6.00 dnO00929 0198&2001 kQ&dMnaompll 1 / 1 m  

Subcatchment D vegetated final cover system 

Fhmofl = 320dSB 12.15- Volume= 0272af 

R m l i  by SCS TR-20 mevlod UH=SCS. Tm 
Tska n 24-hr RaInfa!k2.55' 

0.W46.00 In. d k  0.05 hrs 

(ad CN Desaiptm 
.131 74 

TC Lensm slope vebdry capacity Desaption 

6.9 90 0.0500 02 sheet flow, 

3.8 60 0.1OOO 0.3 Sheet Flow, 

6.4 150 0.1700 0.4 sheet Flow, 

0.4 170 0.1700 6.6 shalloa concentrsted Flow, 

(min) (feel) (rn) (Nsec) IdS) 

G m s g a r t  mO.150 P k 2 . W  

sha~ I-,= 0.150 ~k2.w 

 glass^ n=O.l50 Pk2W 

Unpaved Kv= 16.1 rpS 
1.7 250 0.0045 2.4 16.16 T m m C h a r m e l  ROW, 

~otw=o.o(y D=IZ L- sa a 3.0 *r 0.030 

Bot.w=o.w 0-1.w L- 4.0 6 3.0 'r m 0.030 
0.9 150 0.0050 2.9 25.90 TrapnreelRaachennelFbw. 

20.1 870 Total 

Subcatchment Di vegetated final cover system 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HydroCACXO 6.00 sln ooo929 0 1986-2001 Applied Mtcrocompuler SySIemS 

Type I/ 24hr Rainfak255' 
Page 15 

1119Ro04 

Subcatchment E: vegetated final cover system 

Runon = 3.21 CIS (D 12.15 hrs, Volume= 0.270al 

RunoH by SCS TR-20 m e w .  UHSCS. l ime Span= 0.00-38.00 hrs. dt= 0.05 hrs 
Type II 24-hr RainlaIt2.55' 

Area(ac) CN Description 
5.092 74 

Tc Length Slope Velocity Capacity Desaiptan 

6.9 90 0.0500 02 Sheet Flow. 

3.8 60 0.1000 0.3 Sheet Flow. 

6.4 150 0.1700 0.4 Sheet flow, 

0.4 170 0.1700 6.6 Shallow Concentrsted Flow, 

2 2  280 O.OMO 2.9 26.33 TrapNeelRectChanneI Row, 

(min) (fee:) (Wt) (Wsec) (ckl 

Grass: Short n=O.150 P2=2.60' 

Grass: Short n= 0.150 P2= 2.60' 

Grass: Short n= 0.150 P2= 2W 

Unpaved Kv= 16.1 Ips 

Bol.W=O.o(y D=1.60' Z= 4.0 8 3.0 7 n= 0.030 
19.7 850 Total 

Subcatchment E: vegetated final cover system 

Hydrograph Plot ' .  

Subcatchment DDR: vegetated f inal  cover system 

5 3  1 6  Runofl = 0.86dSB 12.00hrs. vcbmle= 0.046af 

knoll by SCS TR-20 memod UH=SCS. lime Span= 0.W.M  IS, Q= 0.05 hrs 
Type II 244u Rainfalt2.55' 

Area(ac) CN DesaiPm 
0.m 74 

Tc Lmgth S(0pe Velodly Capacity Descriptim 

6.7 150 0.1500 0.4 sheet flow. 

0.9 330 0.1500 62 Shanow concenbated Flow. 

7.6 480 local 

(Inin) (feel) (Mt) (NS6-3 ( d S )  

Grass: gart m 0.150 P2=2.W 

vnpaved Kr-16.1IPS 

Subcatchment DDR: vegetated final cover system 

. . .  

. . . . .  . . . .  . . . . . . . .  . . . . . . . .  , - . . . . . .  
6 
d 

. . . . . .  
. . .  . .  : . . .  . ......... . . . . .  . . . . . . . .  . .  , ... .:- : . . . .  . . .  -, , .  

0 I 2  3 4 5 8 7 8 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdroCAKxB6.W sln ooO929 0 1986-zW1 Amlied M~crocompuler Syslems 

Type /I 24-hr Rainfal/=2.55' 
Page 16 

1/19/2004 

Subcatchment E E  open space with good  grass cover 

Runofl = 0.63 cfs B 1221 hrs, Volume= 0.059 af 

Runoff by SCS TR-20 method. UH-SCS. l ime Span= 0.00-36.00 hrs. dk 0.05 hrs 
Type II 24-h: Rainlak2.55' 

Tc Length Slope Velccily Capadty Description 
(min) (leel) (WH) (Wsec) Ids) 
24.8 300 0.0230 0.2 Sheet flow, 

Grass: Short n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 
0.5 80 0.0230 2.4 Shallow Concentrated flow, 

0.1 40 0.0100 7.6 354.40 TrapNee/RectChannelflow. 
Bot.w=O.w ~ 4 . w  z= 3 . o ~  n= 0.030 

25.4 420 Total 

000385 



Subcatchment F: vegetated final cover system 

RU~OR 3.19cts8 1215hrS. Volume= 0268aI 

Fhmoff by scs TR-20 memod UKSCS. Trn am= 0.m36.w rn= 0.05 hn 

Tc Lenglh Sbpe Vekdly Capsat DeJaiptan 

6.9 90 0.05oO 02 Sheet Flow, 

3.8 60 0.1WO 0.3 sheet Flow. 

(ndn) (lael) (rn) ~ W S e X )  (rn) 

Grass: short n= 0.150 P2= 260' 

Grass: shor( n=O.150 P2= 2.W 

Gras%shat n=a150 P2=2.w 

Unpaved Kv= 16.1 Ips 

6.4 150 0.1700 0.4 . sheei Flow. 

0.4 170 0.1700 6.6 ShaOorr-FloW. 

2 2  390 O.Oo50 2.9 26.33 TrapNeelRectChannelFlow. 
~oi.wa.ocr m 1 . w  z= 4.0 a 3.07 n= 0.030 

Subcatchment F vegetated final cover system 

19.7 860 TOM 

oost dev East OSDF Jvpe N 2 4 h r  Rainfdk2.55' 
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1/19/2004 
Prepared by GeoSynlec Consullanls 
liydroCAWD6.00 dn Mo929 0 1986-2001 Applied Minocanpuler Svslems 

Subcatchment G: vegetated final cover system 

Runon = 3.34cfs B 12.15hrs. Volume= 0282 a1 

Runon by SCS TR-20 mehd. UH=SCS. Time Span= 0.00-36.00 hrs, dl= 0.05 hrs 
Type II 24-hr RainIan2.55' 

Area (ac) CN Description 
5.309 74 

mE Slope VelodW CwaaW Description 
( ) ( ) (Mt) (Ivsec) (ds) 

6.9 90 0.05oO 02 Sheet Flow. 

3.8 W 0.1OMf 0.3 Sheel flow, 

6.4 150 0.1700 0.4 Shea1 Flow, 

Gmss:ShOrt n=O.150 P2=2.W 

Grass: Short n= 0.150 P2= 2W 

Gass:Sholl n=0.150 P2=2.W 
0.4 170 0.1700 6.6 Shallow Concentrated Flow, 

2.3 410 0.0050 2.9 26.33 TrapNeeh3ect Channel flow, 
Unpaved Kv= 18.1 fp 

B~LW=O 00' mi .60' z= 4.0 a 3.0 -r n= 0.030 
19.8 880 TOW 

Subcatchment G: vegetated final cover system 
Hydrograph ploi 

A 

post dev East OSDF 

~vrn~c~m6.m ~ h 0 m 9 2 9 0 i 9 8 6 - 2 o o i ~ ~ i p ' o m n p u f  ersvnMD 

01 4 / jqq Tvpe /I 2 4 h r  RainfalJS.55' 
page 18 

in= 
Prepared by GeoSyntec conamanb 

Subcatchment FFR: vegetated f i ~ l  cover system 

FIunoft = 1.63rn(D 1212hrS. vahrma= 0.128al 

RumR by SCS TR20 nwthcd UH=SCS. Tmm +sn= O.&M6.00 hrs. dl= 0.05 las 
Tvpe II 24-ht R;inlaD.255' 

5 3 1  6 
Area(=) CN Dasaiptan 

2.410 74 

Tc Length Slope Velody Capaw Desaiption 

sheet Flow. 6.6 85 0.OMO 02 
GrasShort ~ 0 . 1 5 0  P2=2.60' 

3.3 50 0.1000 0.3 shea1 Flm. 
Gmst:shorl kO.150 P2=2.W 

6.4 150 0.1700 0.4 sheet Flow, 
Gfassylat n=o.150 P2=2.W 

0.4 160 0.1700 6.6 shallow consenlrated Flow. 

(min) (leet) (Mc) (Wsec) (ds) 

Unpaved KV=l6.1 Ips 

BoLw.O.o(y DS.49 Z= 6.0 & 3.0 'I n= 0.030 
0.9 365 O.Oo50 6.7 914.80 TrapNeslRectChannel Flow, 

17.6 810 T M  

Subcatchment FFR vegetated final cover system 

post dev East OSDF 
Prepared by GeoSynlec Consultants 

Type I/ 24-hr Rainfal/=2sE* 
Page 20 

HydroCAlX 6.00 sln W929 0 1986-2001 Applied Micrcunnpuler Svsterns 1119i2004 

Subcatchment GGR: open space with good grass cover 

Runoff = 0.53 ds 0 12.30 hrs. Volume= 0.074 a1 

Runoff by SCS TR.20 method. UHSCS. lime Span= 0.0036.00 hrs. d k  0.05 hrs 
Type II 24hr Rainlalt2.55' 

Tc Length Slope Velocity Capacity Description 
(nin) (leet) (Whl (fvsec) (ds) 
26.2 300 0.0200 0.2 Sheet Flow, 

Grass: Short n= 0.150 P2=2.W* 

Unpaved Kv= 16.1 Ips 
2.1 290 0.0200 2.3 Shallow Concentrated Flow, 

28.3 590 Total 

Subcatchment GGR: open space with good grass cover 
Hvdrmraoh Plot 

000386 



post dev East OSDF Type / I  24-hr RainfaW.55’ 
F’reparedbyGeoSynlecComuRants Page 21 
HldmCAwD6.00 S m m o 9 2 9 0 1 % Z Q O l A w W J ~  ersvsluns 1 1 1 9 m  

Subcatchment HH: open space with good grass cover 

Rumfl = 0.62cfs 8 12.07 IUS, Vdume 0.040al 

Tc Length slope Velocay Capaaty Oesniption 

13.2 90 0.0100 0.1 Sheet Flow, 
(min) (feel) (MI) (rvsec) ( d S )  

G ~ S S ~ O I ~  n=O.150 P2=2.W 
0.7 230 0.0045 5.1 352.87 Tr;lpnrcelRectChaMelFlon. 

EIOLW=ZO.W w2.w z= 3.0 *r n= 0.030 
13.9 320 TOW 

Subcatchment HH: open space with good grass cover 
Ilvdrcmaoh PI& 

Ezl 

post dev East OSDF 200 I 3 4  Type / I  24-hr Rainfak255’ 
Prepared by Geosyntec Consultants Page 22 
~ v m o c ~ m ~ . m ~ 0 0 0 9 2 9 0 1 9 8 6 - ~ 1 ~ ~  er Svslems 1 1 1 ~  

Subcatchment HR: vegetated final cover system 

Tc Length skpe Velodty Capacity DesaipuOn 

6.9 90 0.0500 02 Sheet Flow. 

3.3 50 0.1ooO 0.3 sheet Flow, 

6.4 150 0.1700 0.4 sheet Flow. 

0.4 160 0.1700 6.6 Ylanw comentraled now, 

(dn) (feet) IMI) (lilsec) (ds)  

Gas: shall n= 0.150 P2= 2.60’ 

Grass:Shal eO.150 B 2 . W  

Grass: Shod n= 0.150 B 2.60’ 

Unpaved Kr16.1tps 
0.7 400 0.0100 9.8 1.429.92 TrspNee/RectChannelFlow, 

Bot.W=O.W b5.70‘ Z= 6.0 (L 3.0 ‘f n= 0.030 
17.7 850 Togl 

Subcatchment HR: vegetated final cover system 

post dev East OSDF Type I/ 24-hr f?ainfaU=2.55’ 
hge 23 Prepared by GeoSyntec Consultants 

HydroCADS 6.00 dn ooO929 0 1986-2MJl Applied Microcomputer Syrtems 1/19/2004 

Subcatchment II: open space with good grass cover 

Runoff = 0.50 c b  8 12.21 hn. Volume= 0.057 al 

Runoff by SCS TR-20 method. UHSCS. Time Span= 0.00-36.00 hn, dl= 0.05 hrs 
Type II 24-hr RainlaikZ.55’ 

Fuea(ac) CN Desaiption 
1.669 68 

Tc Length Slope V e w  Capacity Description 

14.9 210 0.04W 02 Sheet Flow, 
(min) (leet) (MI) (Ivsec) (ds) 

Grass: Short e0.150 P2=2.W 
0.2 70 0.1660 6.6 Shallow Concentrated Flow, 

7.9 380 0.W25 0.8 Shallow Concentrated flow, 
Unpaved Kv= 16.1 tps 

Unpaved Kv= 16.1 fps 
23.0 660 Total 

Subcatchment Ii: open space with good grass cover 
HvdrmraDh Plot 

. . . . . . . .  

. . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . .  
, . , . I  ..... 
I . .  3 : .  . . . . .  . . . . . . . .  

. . ,  . . , , .  

. . . . . . . .  

- . . , : .  

0 1 2  3 4 5 6 7 8 9101l12131415161718192021~P242526272828~3199313536 
Tlrn (har.1 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HydrcCAD8 6.00 Sm ooo929 €3 19862001 Applied MicR)CMpUler Syslems 

Type I/  24-hr Rainfa//=Z.55’ 
Page 24 

1/19/2004 

Subcatchment IR: vegetated final cover 

Runoff = 0.61 ds 0 12.00 his. Volume= 0.032 af 

Runoff by SCS TR-20 memod, UH=SCS. l ime Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Type II 24-hr RainfalW.55’ 

Area(ac) CN Descl iph 
0.600 74 

Tc Length Slope Velocity Capacity Description 

6.7 150 0.1500 0.4 Sheet Flow, 

0.6 220 0.1500 6.2 Shallow Concentrated Flow. 

7.3 370 Total 

(min) (feet) (Mt) Wsec) (ds) 

Grass: Short n= 0.150 P2= 2.60’ 

Unpaved Kv= 16.1 Ips 

~~ 0 0.4 0 2  

0. I 

0 

0.1 

0 

Subcatchment IR: vegetated final cover 
Hydrograph Plot 

. . , .  .: . 

. . . . .  . . . . . . .  

2 3 4 5 6 7 8 0 1 0 1 1 1 2 1 3 1 4 I 5 1 6 1 7 1 8 1 9 2 0 2 1 ~ P 2 ~ P 2 8 2 7 2 8 ~ W 3 ~ ~ 9 ~ ~ 3 6  
TLna (I=-.) 



post dev East OSDF Type I/ 24-h Rainfa/7=2..55' 
Paw 25 Wrnb!,I Amdid ersMems 1119Ro04 

Subcatchment JJ: open space with good grass cover 

mff = 0.07 cls 0 12.58 hrs. Vohnne= 0.018al 

Runan by SCS TR-20 memod. UH=SCS. Tm Span= 0.0036.00 hrs. db 0.05 Ius 

TC Lmgnl slope VekdY capaay oesaiption 
(mm) (feel) (MI) (Wsec) (ds) 
n.9 300 0.0250 0.2 Sheet Flow, 

Grass:short n=o.150 P2=2.60' 

unpaved KV= 16.1 fpS 

unpaved Kv= 16.1 Ips 

Unpaved KV=16.11ps 

0.3 40 0.0250 2.5 Shanm bncentratad Row. 

0.3 110 0.1660 6.6 shaoo* c4nsenbatsd Flow. 

17.4 840 0.0025 0.8 ShaILov-mW, 

41.9 1290 TOW 

Subcatchment JJ: openspace with good grass cover 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdmCAaB 6.00 .yh Mow9 0 I986ml Apclied Mvxoamplter Svslents 

Type I/ 24-hi Rainlal=2..55' 
Page 27 

1/19/2004 

Subcatchment K 1 R  open space with good grass cover 

(491 Hit' T c 4 d l  may require smaller dl 

Runoff = 0.42 c b  0 11.97 hm VOtUme= 0.020 al 

Runoff by SCS TR-20 method. UHSCS. Tune Span= 0.0036.00 hR. dl= 0.05 hrs 
Type II 24-hr Rainfalt2.55' 

Area(ac) CN Descdplion 
0.382 74 

Tc Lenglh Slope Velocity Capacity Desctiplbn 

4.9 33 0.0160 0.1 Sheet Flow, 
(min) (feet) (WH) (Wsec) (CIS) 

Grass:shorl eO.150 P2=2.60' 

Subcatchment K l R :  open space with good grass cover .i E 0.1 02 

0.1 

0 

0 

post dev East OSDF 20\ (3H TypeI/24-hiRainfai/=.Z..55' 
page 2-5 

W s K a m t  1/1912004 
Prepared by Geosyntec comrdtanls 
Hvdmcmaw +m ooo929 0 1 ~ 2 0 0 1  AWE& L(nDcanplt 

Subcatchment JR: veaetated final cover 

Area (acl CN Desutp tan 
2520 74 

Tc Length Slope Vekc5ly Capaciry Deotfp(ion 

9.6 80 0.0176 0.1 Shea1 flow, 

4.1 60 0.0830 0.2 Sheet Flow. 

6.4 150 0.1700 0.4 sheet Flow, 

0 5  190 0.1700 6.6 Shallm CMaDtrated nm. 

0.2 60 O.OO50 6.1 646.98 TraplvedReetChanndFbw, 

(mh) (lee0 (MI) (Wsec) (ds) 

Grass:short eo.150 P2=260' 

Grassshorl n=o0.15O p2=260- 

Grassha( n=0.150 -2W 

Unpav6d Kv= 16.1 Ips 

B0t.w.io.w ~ 3 . 8 ~  Z = B . O ( L ~ . O - ~  -0.030 
20.8 560 Totel . 

Subcatchment JR: vegetated final cover 

Type I/ 2 4 4 1  Rainfa//=2.55' 
Page 28 

1/19/2004 

post dev East OSDF 
Prepared by GeoSynlec Consultants 
ItvJmCAWp 6.W sln ooO929 0 1985-2COI Applied Mi-puter Svslems 

Subcatchment K2R: open space with good grass cover 

Runoff = 0.09ds 8 12.38hm Volume= 0.015af 

RunoH by SCS TR-20 method. UH=SCS. lime Span= 0.00-36.00 hrS, d k  0.05 h n  
Type I1 24hr Rainfa!k2.55' 

Area (ac) CN Desniplion 
0.530 66 

Tc Lenglh Slope Velocity Capacity Descrlpption 
(min) (feel) (WH) (Wsec) Ids) 
33.2 300 0.0110 02 Sheet flow. 

Grass: Short n=O.150 P2= 2.60' 
Shallow Concentrated Flow, 
Unpaved Kv= 16.1 t6 

0.2 23 0.0110 1.7 

33.4 323 Tolal 

Subcatchment K 2 R  open space with good grass cover 

000388 



post dev East OSDF 
prepared by GeoSyntec Consultants 
~ A c e 6 . 0 0  ynaM92g 0 (886-2001 ASllkd hGcmmmMer SMemS 

Type I/ 24411 RainfaU=2..55' 
Page 29 

1 1 1 9 m  

Subcatchment K K  open space with good  grass cover 

Fhmoff = 0.70ds 8 12.45hrs. VObJrne= 0.141 al 

Tc L W  Yope Vebcity WtY -* 
z . 9  3w 0.M8O 02  Sheet Flow, 

(min) (feet) (Mt) ~Ivsec) (-3s) 

Grassshort n.o.150 F2=2.60' 

Unpaved Kv=16.1@ 

Urmaved Kv=16.1fm 

1.3 150 0.0140 1.9 Shallow c o n c m  Flm. 

0.3 110 0.1- 6.6 Shallow Concentate4 Flow, 

11.9 630 o.Oo30 0.9 sh;rllow c a r c a d  Flow. 
unpaved Kv= 16.1 tps 

36.4 1.190 TOW 

Subcatchment K K  open space with good grass cover 
Hydrograph Plot 

A 

post dev East OSDF 2 02 I 3 ?\ Jvpe I/ 2 4 h  Rainfak2.5Si' 
paea 30 

=:.,1-- ersvgams lfi94Xcq 

Subcatchment L open space with good grass cover 

~unoff 1.45dsO 1209hrs.Vdume= 0.102ef 

T y p e l l 2 4 h r V  
Rllnon by scs I?-20 IWmod. unscs. line spah 0.0036.w hrs. bt 0.05 hrs 

Aren(ac) CN kxawlon 
1.683 76 

I 
t 

post dev East OSDF 
Prepared by GeoSynlec Consultants 
HvdmCADCB6.00 dn ooO928 0 19862001 Applied Miaommputer Svslerns 

Type I/ 24-hr Rainfall%5Si' 
Page 31 

1/- 

Subcatchment L L  open  space with good  grass cover 

~ u n o f f  = 0.54 ds B 12.36 hrs. Volume. 0.124 af 

Runofl by SCS Tfi-20 method. UH=SCS. Time Span= 0.00-33.00 hrs. dt= 0.05 h n  
Type II 2dhr Rainfalk2.55' 

Area(ac) CN Descriph 
7.049 81 

Tc Len@ Slope Veldty Capaaty Description 
(min) (feet) (WH) (Wsec) (cfs) 
24.3 3w 0.0240 0.2 Sheet Flow, 

Grass: Short n=0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

Bol.W=O.o(y DL3.W i53.0'1 n=0.030 

1.3 200 0.0240 2.5 Shallow Concentrated flow, 

2.5 9w 0.W90 5.9 160.52 TrapNee/ReclChannel Flow, 

28.1 1,400 Total 

Subcatchment L L  open  space with good  grass cover 
Hydrograph Plot 

Subcatchment L open space with good grass cover 

. . . . .  ?=? . . . . . . . . . . . . . . .  : . . . .  . . . . . . .  
bl 

post dev East OSDF 
Prepared by GeoSyntec Consultants 

Type I/ 24-hr Rainfalk2.55' 
.Page 3;! 

1/19/2004 w,dwXDB 0.00 Sm ooO929 0 198WMll Applied MiuDmmputer Systems. 

Subcatchment M: open  space with good  grass cove1 

Runoff = 12OcfsO 12.05hrS. Volume= 0.073af 

Runoff by SCS Tfi-20 memod. UH=SCS. l ime Span= 0.0036.00 k s .  dt= 0.05 hrs 
Type II 24-hr Rdnfalt2.55' 

Area(ec) CN Oescriph 
1.OOo 79 

Tc Len@ Slope Velocity Capacity Devuiption 
(min) (leet) (Mt) (Ivsec) (ds) 
11.5 170 0.0500 0.2 Sheet Flow. 

Grass: Shod n=0.150 P2=2.W 
0.6 2M) 0.0045 5.1 352.87 TrapNee/Rect Channel Flow, 

EOI.W.ZO.O(Y k 2 . w  z= 3.0 'r n= 0.030 
121 

I-  

- .  
e 
t 

370 Told 

Subcatchment M: open space with good grass cover 
Hydrograph Plot 

080389 



post dev East OSDF Type / I  24411 & h 2 5 5 '  
PreparedbyGeosVtec-~ page 33 
w A L X 3 6 . W  shorn929 0 1 9 8 6 - m l M ) X r m a x n p l l e r ~  1119Ro04 

Subcatchment MM: open space with good grass cover 

Fhmoff = 029dse 12.07hr5 Volume= 0.034aI 

Fbmon by scs TR-20 memod. uH=scs. T i  span= 0.m35.w hrs. a= 0.05 hm 

Tc Lenglh slope V m  CaPadrY Dewripson 

6.6 100 0.0700 0.3 Sheet Flow, 
(mbr) (feet) (MI) (Nsec) (CIS) 

Grass:Short n=0.150 P2=2MT 
3.3 980 o.Oo60 4.9 200.34 T r a p N ~ c h a r m e l F L a r .  

~d.w=o.o(y ~ 3 . w  z=5.oa4.o*r n=o.m 
9.9 1.080 TMal 

Subcatchment MM: open space wlth good grass cover 

. .  . .  1 .  
wdmgraph m e  

. . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . .  ., . . . . .  
. . . . . . . . . . . .  ... 

, .  . .  
. ,  - 

. . . .  ? . i  , .  . 
. . . . . . . . . . . .  . .  . . . . . . . .  . .  . . . . . .  . . . . . .  . . .  . . . . . . . . .  

. .  _I 

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

. . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
. . . . . .  . .  , . 

. .  . .  . . . . . . .  . . .  
, . .  . .  . . j . .  ',.. . . . . . . . . . . . . .  . . .  . .  

. .  -..! . . . . . . . .  . . .  

Type I/ 244r  Raiflfak255' 

1 / 1 9 m  
H v m o C A a B 6 , 0 0 s h Q Y ) 9 2 9 0 1 S 9 6 2 0 0 1 ~ ~  203/2W page 34 
post dev East OSDF 
Repared by GeoSynlec consultants 

e r s M e m ? r  

Subcatchment N direct runon to pond 

(491 HM TcQdl may require smaIler dl 

FIunofl = 31.03ds0 119Jhrs. Vdlnne= 1.512al 5316 
~hmolf by scs TR-ZO mew. WCS. Time  parr: 0.00-36.06 k. CII= 0.05 IUS 
Type II 24-hr RainW.55'  

Araa(ec) CN OeSuiDson 
7.818 98 

Tc Length Slope Velocity CapaaY -lion 

1 .o Mrect Entry, 
(nin) (feet) (MI) (Wsec) (cts) 

Subcatchment N direct runon to pond 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HydroCALX36.00 sln ooO929 0 1986.2001 Applied Mimmmpurer %erns 

Type /I 24-hr Rainfak2.55' 
Page 35 

1/19/2004 

Subcatchment N N  open space with good grass cover 

1491 Hint: T e d 1  may require smaller dl 

Runofl = 0.73 d s  0 11.94 hrs. Volume= 0.037 at 

Runofl by SCS TR-20 method. UH=SCS. Time Span= 0.0036.00 hrs. dt= 0.05 hrs 
Type II 24-hr RalnlaU=Z.55' 

Tc Lenath Slope Velocity Capaaly Description 

Subcatchment NN: open space wlth good grass cover 
Hydrograph Plot 

. . . . . . . . . . .  

. ., . >  . . 

post dev East OSDF 
Prepared by GeoSyntec Consunants 
HydroCAm 6.00 Sm ooO923 0 19862001 I\opcied M i p u r e r  Svstems 

Type / I  Z d h r  Rainfall=z.55' 
Page 36 

1/19/2004 

Subcatchment 0: open space with good grass cover 

1491 Hint Tcddt may require smaller dt 

Runofl = 2.25 cts Q 11.91 hrs. Volume= 0.096 a1 

Runofl by SCS TFI-20 melhcd. UHSCS, l ime Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Type II 2 4 % ~  Rainlatk2.55' 

Area (ac) CN Desctiplion 
1.317 79 

Tc Length Slope Velocity Capacity Description 

1.3 233 0.0086 2.9 14.28 TrapNeelRectChannel Flow, 
(min) (leet) (WH) (Wsec) (CIS) 

BO~.W=O.OO' o=i .w z= 5.0 *r n= 0.030 

Subcatchment 0: open space with good grass cover 



post dev East OSDF T y p  II 24Ju RainfalL.2.S’ 
Repared by Geosyntec CMadtanIs Page 3 
-6.00 Smax1929 O I S 2 0 0 1 W M - S l s  le(m i n m  

Subcatchment 0 0  open space with good grass cover 

(49) 

Runon 0.19ds 0 11.99hrs. vobrme= o.or2at 

T& may reguire Mlaoer dl 

scs TR-20 mlhod. uH=scs. T i  span. 0.00-36.00 hrs. d k  0.05 hn 
4-hr RainIaIt2.55’ e - 

Arealac) CN Derrlpuon 
0.399 66 

Tc Length slope Ve!dty Capacity Desaiptm‘ 
(mill) (leet) (fun) IfVSeC) (ds) 

5.4 120 0.1660 0.4 sheel Flow. 
Gma: ylolt n= 0.150 p2= 2.60. 

Subcatchment 00: open space wilh good grass cover 

. .  HvQspsph~ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ . - . . . . ._  

. . . . .  . . . . . . . . .  . . . . . . . . . . .  __, . . :  . . .  . . . . . . . .  . .  . . . . .  

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvmocADm 6.00 dn 000929 0 i9862rni A d ! !  Miaommputer Systems 

T y p  /I 24-hr Rainlaf/=Z.55’ 
Page 39 

1 1 1 9 m  

Subcatchment PP: open space with good grass Cove: 

R u d i  = 3.01 ds 0 13.15 hrs. Volume= 0.983af 

Runon by SCS TR-20 melhod, UH=SCS. lime Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Type I 1  24-hr RainMk2.55’ 

Areafacl CN Description 
40.964 64 

Tc L e q l h  Slope Velodty Capadty Dascriptnn 
(mill) (leet) iWn) (Wsec) (-3s) 
20.4 150 0.1660 0.1 Sheel Flow. 

34.5 150 0.0025 0.1 Sheel flow. 

24.6 1.190 0.0025 0.8 Shallow Coneenhaled Row. 

79.5 1.490 Total 

Grass: Short n= 0.150 P2= 0.26’ 

Grass: Short n= 0.150 P2= 2.60’ 

Unpaved Kv= 16.1 Ips 

Subcatchment P P  open space with good grass cover 

post dev East OSDF 
Prepared by GeoSynIec Consultants 

2 0 4 3 \y T p ?  I/ 24hr Rainfak255‘ 
Page 38 

ersvrtems HvdmuID86.00 dnaxE)29 O l S 2 0 0 1 ~ M i a D m m p n  1/1- 

Subcatchment P open space with good grass cover 

531.6  Ruron = z ~ d s e  1 2 . 3 2 1 ~ ~  vome= 0297a1 

Runon by scs m-zo memod. un=scs. TMS span= 0.0~36.00 hn. a= 0.05 hrs 
Tvpe I1 24hr FWrdaQZ.55’ 

Am (ac) CN Des+ription 
5238 75 

“2 = g v z y ” ” i ” ” ”  
( n u n ) ( )  ( ) (  ) ( I  
29.4 3w 0.0150 02 Shea flow, 

Grassshorl n=o.150 P2=2.60’ 

Unpaved Kv= 16.1 Ips 
4.3 350 0.0070 1.3 shalla concamaled Flow. 

33.7 650 Totill 

Subcatchment P: open space with good grass cover 

wographplot 
I . .  

post dev East OSDF 
Prepared by GeoSyntec Consultants 
Hvdr&AE@6.00 mCOJ929 01986-2001A~&dMiaOcanQn w svstemr 

Jvps I /  24hr Rainfalf=Z.55’ 
Page 40 

111 92004 

Subcatchment Q: open space with good grass cover 

Runon = 2.89 cfs B 12.32 hrs, Volume= 0.356 af 

RunoH by SCS TR-20 method. UH=SCS. hme Span- 0.00-36.00 hn. dl= 0.05 hrs 
Type II 24-hr RainlaIl=2.55’ 

Area(ac) CN Description 
7.700 72 

Tc Length Slope Velocity Capadty Oesuiplion 
(min) (leet) (llm) (Wsec) (ds) 
23.6 300 0.0260 0 2  Sheet flow, 

Grass: Shm n= 0.150 P2= 2.50’ 

Unpaved Kv= 16.1 b s  
82 1,280 0.0260 2.6 Shallow Concentrated flow, 

31.8 1580 Tola1 

Subcatchment 0 open space with good grass cover 

Hydrograph Plot 

. . . . .  . . . . . . .  . ,  , - . .  

. . . . . .  . . . . .  

000391 



post dev East OSDF 
Prepared by GeoSyntec Conumants 
HydroCACJS6.00 Smoa)929 0 1 ~ 2 M l ~ e d M r m c O m p n  er svhtems 

Tvpe I/ 2 4 4 ~  Rainfafk2.55' 
P a p  41 

i n m  

Subcatchment R: open space with good grass cover 

Runon i.sdso 12.17h1s vohrme= o . m d  

TC Lenglh slope VebciIY capadly Desaiption 
(min) (feet) (MI) (Wsac) (ds) 
19.8 300 0.0400 0.3 Sheet Flow. 

Graa:short n=o.150 P2=2.60. 

unpaved Kv=16.1fps 
1.8 350 o.Wo0 32 shanow consentratad ROW, 

21.6 650 Total 

post dev East OSDF 20-51 3qq TvpeII24hrRainfaIl=2.W 
Page 42 

erwems 1119Ro04 
PreparedbyGe0synlecComuhnl.s 
~ydroc~w~6.m s.h e 1 ~ 2 0 0 1  AWM uomomw 

Subcatchment S: open space with good grass cover 

5336 Runoft = 028cIsO 1224hn. Vollrme= 0.027d 

Runon by SCS TR-20 memod. UH=SCS. Tne Span= 0.00-36.W hn. dl= 0.05 hn 
Type 0 2441 Ralnlalt2.55' 

Area(acl CN Desdptm 
0.402 78 

Tc Lenglh Sbpe Velocity Capaaly Dewiption 
(min) (bel) (Mi) (Wsac) (Crs) 
27.8 280 0.0150 02 Sheet Flow. 

Grass:Shod n=O.150 P2=2.60' 
0.1 30 0.01W 6.3 169.23 TrapNeelReCt Cham1 Flow, 

~o~w=o.oo' M.LW z= 3.0 *r n= 0.030 
27.9 310 Tdal 

Subcatchment R: open space with good grass cover Subcatchment S: open space with good gass cover 

post dev East OSDF 
Prepared by GeoSyntec Conwllanls 

Tvpe I/ 24-hr Ra/nfa//=2.55' 
Page 43 

1/19/2004 H~~CAOZJG.OO tln 000929 Q l s ~ - r n t  Applied Microcornpier Systems 

Subcatchment TR: open space with good grass cover 

[49] Hint: Tcc2dl m y  require smaller dt 

Runoft = 0.05 ds 0 11.95 hra Volume= 0.002 af 

Runoft by SCS TR-20 method. UHSCS. l ime Span= 0.00-36.00 hrs. dl= 0.05 hn 
Type II 24-hr RainIaltP.55' 

Arealac) CN Description 
0.040 74 

Tc Length slope Velodly Capadty Descriph 

3.7 40 0.0460 0.2 Sheet Flow, 
(min) (leal) (WH) (Wsec) (CIS) 

Grass: Short n= 0.150 FZ= 2.60' 

Subcatchment TR: open space with good grass cover 
Hydrograph Plot 

: / . . .  . 
: , ..,.,. ... 

Tvpe // 24-hr 1Wnfa//=2.55' 
Page 44 

post dev East OSDF 
Prepared by GeoSyntec Consunants 
HydroCADB 6.00 tln ooo929 0 1986-2001 Applied MicrOCOmpUter Systems 111912004 

Subcatchment U: open space with good grass cover 

Runon = 1.54dso 12.32 hn. Volume= 0.192al 

Runoff by SCS TR-20 method. UH=SCS. Tune Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainlalt2.55' 

Area (ac) CN Description 
4.149 72 

Tc Len@ Slope Velodty Capadty Descriptim 
(min) (leet) (Wit) (Wsec) (cfs) 
30.2 300 0.0140 0.2 Sheel'Flow, 

Grass: Short n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 Ips 
2.1 240 0.0140 1.9 Shallow Concentrated flow, 

~~ 

32.3 540 Total 

Subcatchment U: open space with good grass cover 
Hydrograph Plot 

000392 



post dev East OSDF 
prepared by GeoSyntec Consullants 

Tvpe /I 24411 RainlaI/=ZSS 
Page 45 

er Svsrerns HychCACl@6.00 Mo929 0 1986-2001 MicmmMul 1119Ro04 

Subcatchment V direct runon to pond 

1491 Hit Tcdd l  m y  require vMWr dl 

Runoff = 1.09ckO 11.9Ohn. Volume= 0.053al 

y scs TR-20 m e w .  UH-SCS. T h e  Span= 0.0036.00 hrs, d k  0.05 Ius 
4-hr Rahlab2.5s * Area (ac) CN Descriplion 

0274 98 

Tc Lenglh slope Velocity Capacity Description 

1 .o Direct Enby. 
(rnin) (feet) (ItR1) (Rlsec) (ds) 

Subcatchment V direct runon to pond 
Hymqysph Pia 

post dev East OSDF 
Prepared by GeoSyntec Consultanls 
H~dmcACl@6.00 slnooO929 e 1986-2001 m t i e d  MlcrOmmplter Systems 

Type /I 24-hr RainlalkZ.55' 
Page 47 

111 912004 

Subcatchment X: open space with good grass cover 

Runoff = 3 . 8 7 ~ 1 ~  B 12.34 hn. Volume= 0.510al 

Runon by SCS TR-20 method. UH=SCS. Tine Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Type II 24-hr RainlaL2.55' 

Area (ac) CN Description 
11.853 71 

Tc Lenglh Slope Velocity Capacity Description 
(min) (feet) (MH) (Wsec) (CIS) 
26.7 300 0.0190 0.2 Sheet Flow, 

Grass:SM n=0.150 P2=2.60' 

Unpaved Kv= 16.1 Ips 

Bot.W=O.W W.OO'2=3.O'f n=0.030 

5.5 730 0.0190 2.2 Shallow Concentrated Flaw, 

1.2 330 0.0100 4.8 57.39 TrapNeelRect Channel Flow, 

33.4 1.360 Total 

Subcatchment X: open space with good grass cover 
HvdrWmDh h i  

post dev East OSDF 1 394 T p  11244rRainfau=2..55- 
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~ % b ~ . 0 0 T z z % z 2 1  M i  eI %rem¶ 1119Roo4 

Subcatchment W: open space with good grass cover 

5 3 1 6  Fhmoff = 7 2 2 c k e  1206hrs.Volume= 0.490at 

Runon by SCS TR-20 memod UHSCS. T m  Span= 0.00-36.00 hrs. a= 0.05 hrs 
Type II 24411 RainWkZ.55' 

Area(=) CN tion 
10.5s) 7 2  

Tc Lengm Sope Ve(0City Cepacily Descdption 

10.9 3W 0.1780 0.5 Sheet Flow. 
(nin) (feet) fnm) (Rlsec) (ck) 

Gres~:sholt n=0.150 P212.M)' 

Unpaved KV=16.1 fps 

BolW=O.OO' D3.W Z= 3.0 'f n= 0.030 

1.0 400 0.1780 6.8 Shallow concenbated Row, 

0.7 270 0.0114 6.7 180.66 TrapNtmlReclChannelFlow. 

126 970 Total 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdmCAWD 6.00 sln Om3929 0 1985-2001 &plied M i  er Wems 

Type /I 24-hr Rahla1M.55' 
Page 48 

1/1912004 

Subcatchment Y open space with good grass cover 

Rumfl = 2.43 cfs B 12.38 hrs. Volume= 0.323 af 

Runofl by SCS TR-20 method. UH=SCS. Time Span= 0.00-36.00 his, dt= 0.05 hrs 
Type I1 2dhr Rainlatt2.55' 

Area(ac) CN Description 
6.522 73 

Tc Lenglh Slope Velocity Capaaly Description 
(min) (feet) (WH) fRlsec) (CIS) 
31.1 300 0,0130 0.2 Sheet Flow, 

Grass: Sml n= 0.150 P2= 2.60' 

Unpaved Kv= 16.1 fps 
4.6 510 0.0130 1.8 Shallow Concentrated Flow, 

1.1 340 0.0110 5.1 92.00 TrapNeelRectChannelFlow, 
Bot.W=O.o(y W.00 Z= 5.0 8 4.OT n= 0.030 

36.8 1.150 Total 

Subcatchment Y: open space with good grass cover 

000393 



post dev East OSDF Jvpe I/ 2441 fZdhf&&.%' 
pasa 49 

SVSlanS 1/19nOoq n r k o u I B 6 . m  r m o m 9 2 9 0 1 9 8 5 - 2 0 0 1 A D P 6 3 d ~  
wed by GeoSynlec Comultants 

Subcatchment Z: open space with good grass cover 

= 0.74&0 1221 hrs V-- 0.074al 

Fhmon by SCS TR-20 melhod. UH=SCS. Tm Span= 0.0036.00 hn. dl= 0.05 hrs 
-24hr RainlaIt255' 

220 3w 0.0310 0.2 sheel mn. 
Grassshal n.O.150 P2=2.W 

Unpaved Kv=16.1fps 

Bot.W=O.W DS.00 L-5.0&4.0'f n=O.a70 

1.5 250 0.U310 2.8 shallm Caranbald Flow. 

0 2  50 0.0070 4.1 73.39 TraprVeemeCtchannelFlOw. 

23.7 600 Total 

Subcatchment Z: open space with good grass cover 

post dev East OSDF 
Prepared by GeoSyntec Consunants 

Jvpe // 24hr Rainla//=2.55' 
Page 51 

1/19@004 WroCALkB 0.00 sln OX929 0 1986-2001 AW4ed Mi-er Systems 

Reach 1R: (new node) 

1521 Hint: Inlel CondiUw nol evaluated 
1651 Warning. Wet elevation nol speafied 

Inflow = 0.54ds0 12.36hrs Volume= 0.124af 
ournow = 0.54 ds 0 12.38 hrs, Volume= 0.124 af. Alters 1%. Lag= 1 2  min 

Routing by Stor-lnd+Trans method. Tune Span= 0.00-36.00 IUS, dk0.05 hrs 
Max. Velodty. 2.6 Ips. Mln. Travel Time= 0.6 min 
Avg. Velodty 1.8 fps. Avg Travel Tie= 0.9 min 

peak rh ih=  n 10' . __r_ 

Capacityat bankfuk 1,101.12 CIS 
A lactor of 2.00 has been ap@ied to Ihe suppr6d storage and discharge data 
7 2 . O ' D i l e r  Pipe n= 0.010 Len+ t00.U Slope= O.OlW*f 

Reach IR: (new node) 
Hydrograph Plot 

Reach 1: east dralnage channel 

5 3 1  6 1651 Warning: I n l  &vation nol spedf-d 

Capacity at bank Mt 754.76 ds 
0.W x 5.00 deep channel, rs 0.030 Len(lm= 4M.U s(ope= 0.0045 'I 
side Sope Z - m k  6.0 4.0 7 

Reach 1: east drainage channel 

. . . . . .  w - p ?  . .  , . . _ .  . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . .  

post dev East OSDF 
Prepared by GeoSynlec Consultants 

7vpe I /  24hr RainfaflS.55' Page 52 

e, systems 1119RW HvdmCAWD 6.00 Yn ooO929 0 1086X01 &Sed MiaaompUt 

Reach 2: east dralnage channel 

165) Warning: Inlet elevation no1 specified 

Inflow = 4 .96~3~  8 12.17hm. Volume= 0.443al 
m o w  = 4.62 ds ED 12.30 hrs, Volume- 0.443 a(. Atten= 7%, Lag= 7.5 min 

R d n g  by Slor-lnd+Trans melhcd. Tune Span= 0.00-36.00 hrs, dl= 0.05 hrs 
Max. Velocily= 1 .8 Ips, Min. Travel Time. 3.9 min 
Avg. Velodty 0.8 Ips. Avg. Travel Time. 8.9 min 

Peak Depth= 0.81' . .  
Capacity at bank lulk 1205.98 ds 
0.W x 6.5U deep channel. n= 0.030 Len@= 420.0' Slope= 0.0045 'I 
Side Slope 2-value? 3.0 5.0 7 

Reach 2 east drainage channel 

008394 



post dev East OSDF T k  I/ 2 4 h  Rajnfd=2.55' 
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ersMam 
PrepdbyGeoSynfx- 
HvmOcAaBcm 6 m m o 9 2 9 o 1 ~ 2 o o t ~ ~ i s m m m p l t  1 n 9 m  

Reach 2R: (new node) 

[?qmrmalmnanimSnot~M 
1651 wamhg: Inlet efevatbn nol €pcsied 

= ozsdse 12.07hrs. vohrme= o m a l  
= 027rise 121Ohrs Vohrme= 0.034el. Anen=S% Leg= 1.8mh Ilb by Stor-lndtTrans memoQ T i  Span. 0.00-36.00 Ius. d k  0.05 tu's 

MaxVelocity2.llpo. hOn.TfaveITbna=O.8min 
Avg Velocay I 1.7 fps. Avg TravelTbna= 1.0 min 

Reach ZR: (new node) 

a 
. t  

Reach 3 east drainage channel 

[q Wanimg Inla1 elavarm cd spedfied 5316 .  
lnffovr = 7.08rise 1225hrq Vdume 0.715al 
Oumow = 6.83ck 0 1235hrs. Vdurmr= 0.715al. An- 3%, Lsp6.1 lllh 

Routing by Slor-Ind+Trans mmod. Tm Span= O.OW36.00 hn. dl= 0.05 hffi 
Max. Vdodtp 2.1 Ips, Min Travel The= 3.3 mh 
Avg Vekxily E 0.9 Ips, Aq .  Travel T m  7.5 min 

Peak Depth= 0.97 
Capacily at bank hd!= 1.563.67 ck 
0.00' x 7 . 4 ~  deep channel. n= 0.030 Length= 4zo.u slope= 0.0050'r . 
side slope z-value= 3.0 4.0 *r 

-. Reach 3 east drainage channel 

Type I/ 24-hr Rainfd=2.55' 
Page 55 

1/19R004 

post dev East OSDF , 
Prepared by GeoSyntec Consultants 
W o C A m  6.00 sh My)929 0 19862001 &OM Miamanpuler %terns 

Reach 3R: (new node) 

152) Hint Inlet Cadibons nol evaluated 
1651 Wammg Inlet elenbon not wealled 

~nnow = o.nc tse  11.94hrs, volume= 0.037af 
Ournow I 0.67 d s  0 11.95 hrs. Volume= 0.037 el. Atten= i%, Lag= 0.9 min 

Routing by Slor-IndiTrans method, Tim Span= 0.00-36.00 hffi. dl= 0.05 hn 
Max. Velodhp 2 7  Ips, M i .  Travel Tuns= 0.6 mb 
Avg. Velcdty = 1.7 fps. Avg. Travel T i  1 .O min 

Peak Depth= 0.12' 
Capacity at bank fulk 1.101.12 CIS 
A factor of 2.00 has been applied to the supplied s lmge and discharge data 
72.o'~ameter~ipe n=o.o~o ~ e n m 1 0 0 . 0 '  stope=o.o~~ ' r  

Reach 3R: (new node) 

. . .  ynxwwhrn . . - .  . .  
: :  : . .  . . . .  . .  , . _ . : . . _  . . . . -  . .  

? .  I .  
, .  

Type // 24hr Rainfal/=ZSS 
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1/19/2004 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HydroCADS6.W 6m aaCn9 0 19862@J1 AppEe4 Micmanmuter %lms 

Reach 4: east drainage channel 

1651 Warning: Idel elevation not spedlied 

Inflow I 8.67 ck 0 12.31 hn. Volume= 0.985 af 
Oufflow = 8.51 c k  B 12.41 hrs. vdume= 0.985 al. Allen= 2%, Lag= 5.7 min 

Routing by Slm-IndiTrans melhod. lime Span= 0.00-36.00 hn, dt= 0.05 hn 
Max. Velodty= 2.2 Ips. Min. Travel runs= 32 mln 
Avg. V e l a i i  = 1 .O Ips. Avg. Travel Time= 7 2  min 

Peak Depth= 1.05' 
Capaaty at bank lun= 1.106.53 CIS 
0.00' x 6.W deep channel. n= 0.030 Length= 420.0' Slope= 0.0050 7 
Side slop Z-value= 3.0 4.0 'I 

Reach 4 east drainage channel 

000395 



Type I/ 24-hr RainfaR==.S' post dev East OSDF 
Prepared by GeoSynlec ConsuHantt Page 57 
-6.a) s l n a a s 2 9 0 1 9 8 S 2 C O l A D F 6 d ~ S v s t  Rm 1119Roo4 

Reach 5 east dralnage channel 

[q warning: Inlet elevation not specified 

lnffow = 9.97me 12.38hVO(um8= 1253aI 
= 9.82 m 8 12.48 hrr. v-- 1253 ai, Attens 24 Lag= 5.9 nan 
Slor-lnd+Tram meuDd. Time Span= 0.00-36.00 hrs. dt= 0.05 hrs m odty= 2.2 Ips. Min. Travel T I  3.4 d n  

A w  Ve(0dty I 0.9 Ips. Avg. Travel Tme= 8.1 min 

Peak Dem= 1.w 
cepadiy at bank hdt 182.58 ds 
0.W x 3.W deeD d!dnnel n= 0.030 Lerymh= 44O.W slooe- O.Oo50 'f 

Reach 5: east dralnage channel 

Dost dev East OSDF Type /I 24-hr Rahfa//=2.5S 
Page 59 

1/19nooq 
hepared by GeoSyntec Consultants 
HvmDCAWD 8.00 dn ooo929 0 lsBG2COI Applied Microcompvte: Svrlems 

Reach 7R: runoff diversion channel 

[65] Warning: Inlet elevation not specified 

lnnow = 11.82cfs 0 12.51 hm Volume= 1.779al 
Oumow = 11.75 cls (P 12.56 hrs, Volume= 1.779 al. Anen= 1%. Lag= 3.9 min 

w i n g  by Stor-lnd+Tram mathod. Tim Span= 0.00-36.00 hrs. dt= 0.05 hn 
Max. Velocity= 2.9 Ips. Min. Travel Time= 2.3 mln 
Avg. Velocity = 1.3 Ips. Avg. Travel Time= 5.1 min 

Peak D e p k  0.94' 
Capacity at bank lull= 1.632.24 ds 
0.W x 5.99 deep channel, n= 0.030 Length= 400.0' Slope= 0.0100 'I 
s i e  slope Z-va)ue= 3.0 6.0 'r 

Reach 7R: mnoff diversion channel 

Type /I 24411 RainfaUSSS 
hge 58 

SsvSrfsN 

post dev East OSDF zoq 1399 
E z z 2 . z Y & ~ 2 l w ~  1n912004 

Reach 6 east dralnage channel 

5 3 1 6  [q W m  Inlet elevarion not Spedlied 

lnaov = 11.07dsO 1245hrs. Volume3 1.535d 
c3uMov = 10.99dsO 1253hrs. Vohrme= 1.535d, Atten=l?& Lap4.8min 

~auting by SW-I~TDX~S memod ~ m r ,  a00-36.w hrs a= 0.05 hrs 
Mar VelccHy= 2 9  rpr Min. Trawl Tme= 2.8 mln 
A- Velody = 1.2 Ips. A q .  Trawl The= 6.6 lnln 

Peak Depm; 0.w 
cepadh/ et bank Mt 25821 c$s 
0.w x 3 . w  deep dlanlld. n= 0.030 LenQth= 480.w gape- 0.0100 'I 
sida slope Z-value= 3.0 6.0 7 

Reach 6 east drainage channel 

. . . . . . . .  
. 1  

. .  . .  
. . ,  . 
. .  . . .  

- .  

. .  
. .  

: I .. 
. .  . . . . . . .  

. .  . . .  . . . . . . . .  

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdroCAWD 6.00 Sm ooO929 8 198&2001 Apolied Micmumpuier Svsterns 

Type I/ 24-hr Rainfa1M.55' 
Page 60 

1/19/2004 

Reach BR: runoff  diversion channel 

[65] Warning: Inlet elevation not specified 

lnkw = 12.1313s 0 12.57 hrs. Volume= 1.906 a1 
Oumow = 12.07ck 8 12.62 hm Volume= 1.906af. Anen=O% Lag=3.2min 

Roulhg by Stor-lnd+Trans method. Time Span= 0.00-36.00 hn. d k  0.05 hn 
Max. Velodty= 2.0 Ips. Min. Travel Time= 1.9 min 
A v g  Velocay I 0.9 Ips. Avg. Travel Time= 4.3 min 

Peak Depth= 0.88' 
Capacity at bank full= 1.597.49 cls 
A ladof 01 2.00 has been applied to the supplied storage and discharge data 
0.00' x 5.4T deepchannel n=O.030 Lengtb2M.w Slope=0.0050'f 
Side S l o p  Z-vabue3 6.0 2.0 7 

Reach 8R: runoff diversion channel 

Hydroemph Plot . . . . . .  
.I. . . , I  .......... , . . . . . . . . . . . . .  . . . . . .  . .  . . . . .  



post dev East OSDF Tvpe I/ , 2 4 4 ~  RainfaLJS..55' 

I+#oCAwDBaO S r n a Y E R 1 1 0 1 9 8 6 ~ 1 ~ ~  er Svrcems i n m  

Reach 9R: runoff diversion channel 

hepared by GeoSyntec Ccm~~ltanls Page 61 

1651 warnins: Illlet elevauon not spedr%d 

Innow = 12.17dsO 12.62hrs. Volume= 1.954al 
= 1214dsO 1265hrs. Volume= 1.954al. Allen=O%. Lag=l.Smin 

by SlorndtTrarrr method. Time Span= O.CG26.00 hrs. dk 0.05 hrs 8 ekcity= 22 Ips. Min Travel Tma= 0.9 min 
AQ Vekcay E 0.9 Ips. AVQ. Travel TrmaS 2.3 ndn 

peak Depth. 0.72 
capacity at banL Mt 462.89 ds 
4.35 x 3.80' deep charmed. n= 0.030 Le+ 120.0 s(ope= O.Oo50 'r 
Side Slope Z-value= 6.0 3.0 'I 

Reach 9R. runoff diversion channel 

post dev East OSDF 
Prepared by GeoSyntec Comultants 
H ~ ~ ~ ~ C A D B  6.00 sin mo929 0 1 B S 6 2 w 1  Appr! M u m m e r  Svsterns 

Type /I 24-hr Rainfd&.55' 
Page 63 

1/19/2004 

Reach 10BR: (new node) 

(65) Warning: Inlet elevation not specilied 

Inflow = 12.54 ds 0 12.74 hm Volume= 2.155 af 
Oulflow = 12.5Ods(P 12.79 hr$ Volume= Zl55af. AUen=O%. Lag=2.9min 

Routing by Stor-IndtTrm method. T i i  Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Max. Velocity= 1.7 Ips. Min. Travel T m  1.8 min 
Avg. Velocity = 0.6 Ips. Avg. Travel lime= 5.1 min 

Peak DepUr- 0.60' 
Capadty at bank fuk 202.01 ds 
10.21' x 2.62" deepchannel. n= 0.030 Length= 179.0' Slope= O . M ) 2 9 T  
Side Slope Z-value= 3.0 4.6 7 

Reach 10BR: (new node) 
Hydrograph Plot 

A . . .  

Type n 244h Rahfak2.55' post dev East OSDF 

nVdmcAaB6.m Sm- 0 1 ~ 2 0 0 1 ~ M r r a a n P n e r ~  Fmf t / t m  

Reach 10AR runoff diversion channel 

heparedbyGeosynte~cOnwmants 2(()[.3,qq J *  paw €2 

53!1 6 I6qWaming: w elevason nol spedfied 

I* I 1 2 2 3 d s o  lZMhrs.Vohrms= 2.006aJ 
Ombv = 12.17 ds 8 1273 hss Vdums- 2.006 at, Allen= 0% Lag= 5 2  m b ~  

Routing by Stornd*Tram mevad The Span= 0.00-36.00 hrs. dt= 0.05 hrs 
Max. Vek&y=  2 0  Ips. Mm Travel T I  3.1 mh, 
AQ v w  = 0.7 cpr. A-. T ~ V ~ I  Ti- 8.3 ndn 

Peak Depth= 0.w 
capadly e! bink Mt 646.10 ds 
10.11 x 88s deepchannel. n=O.030 Lenglh=365.(Y slope=O.005O'r 
Side stope z-mhie= 6.0 3.0 *r 

Reach 10AR runoff diversion channel 

post dev East OSDF 
Prepared by GeoSynlec COnSUltantS 

Type I/ 24-hr Rainfak2.W 
Page 64 

HydroCADB 6.00 sln OOO929 0 19852001 AppW M i i m p u t e r  Svslerns 1/19/2004 

Reach 11: new CMP arch 

1521 Hint: Inlet c o n d i h s  not evaluated 
I651 Warning: Inlet elevation not specified 

1nn.m = 12.72 ds 0 12.79 hrs. Volume= 2.229al 
OUMow = 12.72 ds (D 12.79 hrs. Volume= 2.229 at Allen= 0%. Lag= 0.3 min 

Routing by Stor-lnd+Tram method, Time Span= 0.W-36.W hrs. dl= 0.05 hrs 
Max. Velodly= 3.9 fps. Mi. Travel Time= 0.2 min 
Avg. Vebciiy = 1.6 Ips. Avg. Travel Tme= 0.4 ndn 

Peak De+ 0.65' 
Capacity a1 bank run= 522.31 CIS 
A laclor ot 2.00 has been applied to the supplied storage and discharge data 
72.0' Diameter Pipe n= 0.010 Length= 40.0' Slope= 0.0022 'f 

Reach 11: new CMP arch 
Hydrograph Plot 

1 

I 

1 

1 

t 

- 
t = 
L 
1 

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



post dev East OSDF ~ v p e  n 24-w ~ a i n f a a = 2 . ~ ~  
Prepared by Geosylllec c o n s l ~  page= 
~ 6 . O O ~ C W 9 2 9 0 1 9 8 6 2 0 0 1 A P D k d ~  asvSrm i n m  

Reach 1 2 R  runoff diversion channel 

(6q wand&z In!at elmtion not spedfled 

= 12.72dso 12.79hrs. volume= 2229sl 
= 12.67dsO 12.84hrs. Volume= 2229al Memo% LaS;3.2mfn 

by StW-lnd+Trans  mod. T!nm SWl= 0.0036.W hrs. Q a05 hfS 
ebcitp2ofps. WTravalT!me=2.Omin 

A w  Ve- = 0.7 fp. Avg. Travel Tune= 5.7 mln 

Peak De+ 0.41' 
Capsdry at bank hi% 317.78 ds 
14.W x 2.45 deepchannel. n.o.030 ~engt11=240.(~ slape=o.o063*r 
Side slope 2.- 3.0 4.3 'r 

Reach 1 Z R  runoff diversion channel 

a 

Dost dev East OSDF rvpe /I 24-hr Rainfa/I=Z5S 
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1/19/2004 
brepared by GeoSyntec Consultants 
HydroCAaB 6.00 dn Om929 0 1986-2001 AppIied Miaccompner Svslems 

Reach 14: east runon channel 

I651 Warning: Inlet elevatii not specified 

Inflow = 0.16 CIS 0 11.99hn. Volume= 0.009al 
Outnow = 0 . 1 1 d s O  12.24hn. Volume= 0.009el. AUen=36%. Lap15.3min 

Routing by Slor-lnd+Trans mettmd. Time Span= 0.0036.00 hrs. dt= 0.05 hn 
Max. Velocity= 0.7 Ips. Min. Travel Timet 10.4 min 

Peak Depth= 0.21' 
Capacity al bank lull= 22.78 cfs 
0.00' x 1.W deep channel. n= 0.030 L e n g h  420.0' Slope= 0.0040T 
Side Slope 2-values 3.0 5.0 7 

Avg. Vebdty = 0.3 fps. Avg. Travel lime= 25.8 min 

Reach 14: east runon channel 

Reach 13R: runoff diversion channel 

1651 Warning: hlel &vation nol specihed 

wlow E 23.36cfso 12.86hrs. Velum= 5232al 

Routing by Stormd+Tr&m memod. Tom Span= 0.M36.00 hn. Q 0.E hrs 
Max. Vela+ 2 2  rps M h  Travel T i  3.4 mln 
A v g  Vebdly= 0.6lps. Avg. Travel T I  11.7mfn 

Peak Depth= 0.45 
Capadiy at bankW 346.63 ds 
~ . i i *  2.w deep channel. n= 0.030 LE- 450.v 0.0061'r 
Side slope z-vabe= 2.3 4.0 'r 

O~~WJW = -dsO 1295hrs. Vdume- 523lsl. A t l e I ~ m  Leg.5.5mln 

Reach 13R: runoff diversion channel 

post dev East OSDF 
Prepared by GeoSynlec Consultants 
HydroCAWD6.00 5mDYJ92-3 0 19862001 Apolied MicmcanpulerSWemr 

Type /I 244r Flainfa/kM5* 
Page 68 

1/19/2004 

Reach 15: east runon channel 

1651 Warning: Inlet elevalicm not specified 

Inflow = 1.04 cfs 0 12.01 hffi. Volume= 0.064 af 
Outflow = 0.86 cfs 0 12.16 hrs, Volume= 0.064 at. Anen= 17% Lag= 8.9 min 

Routing by Slor-lnd+Tram memod. l ime Span= 0.W-36.00 hrs. dt= 0.05 hrs 
h4ax. Vel- 1.3 Ips. Min. Travel lime= 5.3 min 
Avg. Vel- = 0.5 Ips, Avg. Travel lime- 14.0 nin 

Peak Dep% 0.41' 
Capacity at bank fub 61.62 ds 
0.00' x 2.W deep channel. n= 0.030 Length= 420.0' slope= 0.0063 'I 
s i e  slope Z-vahe. 3.0 5.0 'r 

' 

Reach 15: east mnon channel 



post dew East OSDF 
Prepared by GeoSyntec Consultants 
ti@-cCAaB6.00 s h l C € 0 9 2 9 0 1 ~ 2 0 0 1 k d k d M ~  ersvsteM 

Type N 24hr  RainlaII;.2.55' 
page 69 

111912004 

Reach 1 6  east mnon channel 

1651 wanring: Inlet elsvasa, nd spedffed 

= 2.68ds 8 12.13hrs. VO!lUne= O M 8 d  
= 247ds  8 1224hrs. Vcdum= oM8d. AUen=8%. Lag=6.8rnin 

by Stor-Ind+Tram memod. TmX, Span= 0.00-36.00 IUS. a= 0.05 IUS a elodfy= 1.9 fps. Mln. Tmvd W- 3.8 mhr 
Avg. Veiodly = 0.7 rpS Avg. Travel Th?a= 9.7 dn 

Peak 0.W 
Capedty at bank hd!= 25658 ds 
o m  x 8 4 ~  deep channel. n= o.mo Lengih= 420.w Skp= 0.0074 *r 
Side slope z-vahe= 2.5 5.0 'r 

Reach 1 6  east mnon channel 

Type I/ 24hr Rahfak2.55' 
Page 71 

111 snw 
post dev East OSDF 
Prepared by GwSynlec Consultants 
HydroCAD3 6.M) sh ooo929 0 1986.2001 Amlied Miaommpufer Svslems 

Reach 18: east mnon channel 

(651 Warning: Inlet elevation not specilied 

Inflow = 5.48 cfs 8 12.34 hrs. Volume= 0.605 af 
OuMow = 5.35 c k  8 12.43 hrs. Volume= 0.605 al. Atten= 2%, Lag= 5.0 dn 

Routing by Stor-lnd+Trans melhod, Time Span= 0.00-36.00 hrs. dl= 0.05 hrs 
Max. Velocity= 2.6 fps. Min. Travel Time= 2.8 min 
Avg. Velocily = 1 .I fps. Avg. Travel Time= 6.9 rnin 

Peak Depth 0.82' 
Capadly at bank lull= 169.20 ds 
0.W x 3.00' deep channel. n= 0.030 Length= 44O.W Slope= 0.0100 7 
Side slope Z-value= 3.0 7 

Reach 18: east mnon channel 
Hydragraph Plot 

A 

Type N 24-hr Rainf.dS.57 
page 70 

post dev East OSDF 
Prepared by GeoSynIec Consulla& 
HvdmCADS6.M) s h l ~ O t S 3 6 - 2 0 0 1 ~ M i c m m m p R e r ~  ems rn9noQ4 

5 3 1 6  
Reach 17: east tunon channel 

1651 Warning: Inlet elevation not w e d  

hR0w = 320dsO 1224hn. Vdl!mW= 0282d 
= 3.08ctso iz33hrs. vohmrt 0282aI. AtIen=4% La!3=5.5M 

Routing by SIor-Ind+T~ans muad. Trme Span= 0.M36.00 hrs. dl= 0.05 hrs 
Mar Velodly= 2.3 fps. M i .  Travel The= 3.1 ndn 
A m  Velody = 0.9 fps. Avg. Travel Tm?= 7.6 ndn 

Peak Depth= 0.55 
Capaoly at bank Mt 436.18 ds 
0.w x 3-50 deepchannel. n=o.mo ~eng1b420.w s~ope=o.oi257 
s i  slope z-viilue= 4.0 5.0 *r 

:i - 
E 
6 

0 1  

Reach 17: east mnon channel 

. . . .  ?????!. . . . . . . . .  . . . . . . . . . .  , . . .  . . . >  . : . . .  . . . . . . . . . . . . . . . . . . . .  

Type I/ 24-hi RainfaIk2.5S 
Page 72 

I 
past dev East OSDF 
Prepared by GeoSyntec Consultants 
HydroCADaD 6-00 sln ooo929 0 19862001 AppE6d Micnxamwlsr Svstms 1/19/2oO4 

Reach 1 9  east mnon channel 

[65] Warning: Inlet elevation not spedfied 

Inflow = 9.08ckO 12.41 h e  Vdume= 1.115al 
Oumow = 8.71 c k  8 12.53 hrs, Volume= 1.1 15 af. Atten= 4% Lag= 7.5 rnin 

Routing by Slor-lnd+Trans melhcd. T i e  Span= 0.00-36.00 hn. dl= 0.05 hrs 
Max. Velodly= 1.9 Ips, Min. Travel Time= 4.1 min 
Avg. Velocii = 0.8 fps. Av$ Travel rime= 9.7 min 

Peak Depth= 0.53' 
Capaalyatbankluk911.12cfs 
0.00' x 3.W deep channel, n= 0.030 Leng!h= 470.0 Slope= 0.0090 T 
Side Slope Z-vdue= 3.0 30.0 T 

Reach 1 9  east runon channel 
Hydrograph Plol 

/I 

000399 



post dev East OSDF 

~ 6 . m  am om929 0 19862001 M e d  lJiarxrmpd er svnems 

rvpe B 244U R a i n l a M . S  

lflsrme4 
PreparedbyGeoSynfecComultants page 73 

Reach 20: east runon channel 

[sq waming: I&t elevation nc4 spedfred 

W = 10.07ds0 1252hrs. Volume= t.605d 
= 10.Mcfs0 12.53k Vohmk 1.605af. -0% Lag=O.8min 

by slor-tnd+Trans mellmd. Tme Span= 0.0046.W hrs. dt= 0.05 hrs QD; Wty= 2.9 fps. Min Travel Tm= 0.4 min 
Avg. Vebdy E 12 fps. Avg. Travel T i =  1.0 min 

Peak D e p h  1.08' 
Capadly et bank MI= 153.84 ds 
0 .w  x 3.W deep c h e ~ e l .  n= 0.030 Length= 75.W Slape= 0.0083 'f 
Side Skye Z-vaLe= 3.0 7 

Reach 20: east runon channel 

rvpe u z 4 h r m n ~ s ~  

yldmcADB600 ammo926 01!?&2001 APilkd mer SMerm in- 
post Prepared dev by East GeoSynfec OSDF Consultants a3&L( Page 74 

Reach 21: east runon channel 

5 3 1 6  1651 Warning: Wet elevaM nc4 spedfied 

Inflow = 7.7468 1279hn. Volume= 1.81781 
outaow = 7.7460 1280hn. Vahrms= 1.817al. -0%. LapOSIlt!Il 

RwIing by Slor-bdrTrans m e W  T i  Span= O.ut36.W hrs. d b  0.05 tus 

A m  Velocity = 1.1 Ips, AQ. Travd Time= 1.0 min 
 ax v w w  2.9 rps. m. ~ r a a  rrme= 0.4 min 

side slope Z-vatua= 3.0 7 

Reach 21: east runon channel 

. .  . . . .  . 
Hvdrsrsph Pw . .  . . 

. .  
. . . . . . . . . . . . . . .  . - .  . . , . . . . : -  * .  . ... - . 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HymoCAm6.OO dn KO929 0 198&2001 ADPhd M i p u l e r  SYSlms 

Type N 24-hr RainlaflS.55' 
Page 75 

1119i2w 

Reach 2 2  east runon channel 

1651 Warning: Inlet elevation not specified 

Inflow = 7.81 d s  0 12.80 hrs. V d u m  1.844 af 
Oumow = 7.80 ds 0 12.83 hr% Volume= 1.844 al. Anen= 0%. Lag=2.0 rnin 

Routing by Slw-lnd+Trans method. Time Span= 0.0036.W hn. dt= 0.05 hffi 
Max. Velocity= 2.9 Ips, Min. Travel Ti= 1.1 min 
Avg. Velocity = 1.1 fps. Avg. Travel Time= 2.8 min 

Peak Depth= 0.95' 
Capaaty at bank full= 3M.40 ds 
0.00' x 4.00' deep channel. n= 0.030 Length= 190.0' Slope= 0.OtOO'f  
Side Slope ,?-value= 3.0 'f 

Reach 22: east runon channel 
Hydrograph Plot 

- - - 
5 
d 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
~ydroC~m 6.W sh o(30929 0 1986-2001 Amlied Microampuler Svstwns 

Reach 23: new CMP culverts 

Type /I 244hr ,Qainfa//S.55' 
Page 76 
1/19#W 

1521 Hint: Inlet cmditions not evaluated 
1651 Warning: Inlet elevation not specilied 

Inflow = 8.22cfs 0 12.85 hr& Volume= 2.042af 
OutROw = 8.21 cts 0 12.87 hm Volume= 2.042 af. Anen= 0%- Lag= 0.8 min 

Rouling by Stor-lnd+Trans method. T i  Span= 0.00-36.00 hn. dt= 0.05 h s  
Max. Velocjiy= 3.2 fps. Min. Travel Tim= 05 min 
Avg. Velocity E 1.2 fps. Avg. Travel T i m  1.3 min 

Peak Depth= 0.55' 
Capacity at bank full= 468.67 ds 
A factm of 2.00 has been applied to the supplied storage and discharge data 
72.0' Diameter Pipe n= 0.018 Length= 92.0' Slope= 0.0059 7 

Reach 23: new CMP culverts 
Hydrograph Plot 

. . . . . . . -. . 



Reach 24: runon channel 

I65.l warning wet ~ ~ n o l s p e d f i e d  

= 9.31 ds(D 1 2 . 8 2 k  V m -  2398a1 
= 929 ds (D 1286 Ius Vohrma= 2397 al, Anew Om. hg= 2.1 d n  

by slor-lnd+Trans memod. Tm SpanE 0.W36.00 hrr dl= 0.05 hn 
2 2  IpJ Mk.TravelTam= 1.2 rnin 

A q .  Velocay = 0.7 Ipr Avg. Travel h 3.9 nlbl 

Peak Depth= 0.43' 
capacity at bankMb 153.54 ds 
8.50' x 2.W deep dlannel. n= 0.m Length= 160.0' slopes 0.0075 7 
side slape z-- 3.0 *r 

Reach 24: runon channel 

. .  . .  HvmDanphm 
...... b ......................... : . .  ..... .-: I :. . . .  . . . . . .  . . .  

post dev East OSDF 
Prepared by GwSyntec Consultants 
HydrcCADS 6.M) sh CCO923 0 1985-201 W e d  Mirrommputer Svstms 

Type /I 24-hr Rainia//=Z.55' 
Page 79 

1/19/2004 

Reach 2 6  runon channel 

(651 Warning: Inlet elevation not specified 

Inflow = lO.27cIs 8 12.82ho. Volume= 2.694al 
OumOw = 10.24 ds 8 12.88 hrs. Volume= 2.694 at. Anen= 0%. Lag= 3.2 min 

Routing by Stor-lnd+Tm method. T i  Span= 0.00-36.00 hn. d k  0.05 h n  
Max. Vdodty= 2.8 fps. Min. Travel lime= 1 .8 min 
Avg. Velocity = 1.1 fps. Avg. Travel lime= 4.6 min 

Peak Depth= 1.11' 
Capacity al bank MI= 90.1 1 ds 
0.w x 2.w deep channel. n= 0.030 Length.. 300.0'  lope= 0.00757 
side slope Z-vahre= 3.0 7 

Tvpe II 24-hr RainiaUd.55' 
Page 78 

ersvstm 

pod dev East OSDF 

ZbE22&%X1w- 1119Ro04 .. 
Reach 25: new CMP arch 

53'1 6 
lneov 5 1027dSe 12.82hrs.vc&nm= 2649a1 
outtlovr = i a m 7 d s e  12 .8211~  VOILUW= 2694sl.~nan=o%. ~sg=o.srnin 

-by Storhd+Trans melhod, The Span= 0.M36.00 IUS. dI= 0.05 hn 
Max Velodtyr 3.4 rp0. M i i  Travel The= 0.3 min 
Avg. Veldrry = 1.3 IpJ Aq .  TmVel TmE= 0.7 nin 

Peak De+ 0.61' 

A factor ot2.M has been applied lo fhe supplied storage and dscharge dab 
n.cr Mameter Ape n= 0.018 Length= 53.0' Sam= 0.w607 

capacay a bank hIn= 475.34 ds 

Reach 25. new CYP arch 

wd=9wh- . . .  . . .  . . . . . . . . . . . . . .  . . . . . . . . .  . .  _ _  ,..: . . . . . .  ._ . 

Type /I 24-hr RainfalkZ.55' 
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111912004 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
W r o C A W D  6.M) Sm OW929 0 1986-xy)t Applied Micraomputer %lernr 

Reach 27: new CMP arch 

(52) Hint: Inlet conditions not evaluated 
(651 Warning: Inlet elevation not specified 

hflwv = 10.41 ds 8 12.87hrs. Volume= 2.795d 
OuMow = 10.40 ds 8 12.89 hm Volume= 2.795 af. Anen= 0%. Lag= 1.0 nin 

Routing by Slor-lnd+Trans metbod. Time Span= 0.00-36.00 hrs. dl= 0.05 hn 
Max. Vekcitp 3.0 Ips. Min. Travel Tw= 0.6 min 
Avg. Velocify = 1.2 fps, Avg. Travel Time= 1.5 min 

Peak Depth.. 0.W 
Capacity at bank fulk 398.58 CIS 
A factor d 2.00 has been applied lo lhe supplied storage and discharge data 
72.0' Diameter Pipe n= 0.018 Length= 106.0' Slope= 0.M142 7 

000401 



post dev East OSDF Type /I 2dhr RainlalkZ55' 
Prepared by Geosyntec comrdtants Page 81 
IhmocAaB6.m dnlYS32901~200l&#kdMicrocompn ersMenn lllBRoo4 

Reach 28R: new CUP culverts 

(521 Hht I r b l  condmom nol evshated 
1651 Warning: we1 elevation nd m a d  

= 1256ds0 12.72hrs.Vohanrt. 2.155aI 
lWds0 12.74h  Vdum?= 2155al. AllerpO%, Lap1.1min 

by SIw-lnd*Trans msm34 T h e  Span= O.CQ36.W hrs, 0s 0.05 ho 
Max. Velodry- 3.4 Ips. Mln Trsval Tims. 0.7 min 
Avg. Vekdy = 1.4 Ips. Avg, Tmvel Tme= 1.7 mln 

Peak Depth= 0.71' 
cepadtyalbankfup= 427.00 ds 
A laclor 01 2.00 has been apptied b h sq@ied simp end &charge data 
72.4 Diameter Pipe m 0.019 LengIb 140.0 gaPa= O.OQ50 7 

Reach 28R: new CMP culverts 

1 

I 

1 

- 
t 0 
$ 

lbn mows) 

rypa / I  244r Rainfa/l=Z.55' 
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1/19/2004 

post dev East OSDF 
Prepared by GeoSyntec ConsulIantS 
~ o c A a 8 6 . 0 0  amaae29 0192&m1 AppUed Miaommputer Syslems 

Reach 30 east runon channel 

I651 Warning: Inlet elevation no1 specified 

Inflow = 7.74cfs 0 12.78 hm Volume= 1.817al 
Outflaw = 7.74 d s  0 12.79 hn. Volunm= 1.817 al, Allen= 0%. Lag= 0.3 min 

Roullng by Stor-lnd+Trans memod. Tune Span= 0.00-36.00 hrs. 0s 0.05 h n  
m. vehdty= 2.9 fp. m.  ravel Time= 0.2 min 
Avg. Velodty = 1.1 fp, Avg. Travel Time= 0.4 min 

Peak Deph  0.94' 
Capadty al bank Iuik 104.05 cis 
0.00' x 2.W deep channel. n= 0.030 Length= 30.W Slope= 0.0100 7 
side slope Z-value= 3.0 'r 

Reach 30: east runon channel 

Type /I 244r  RainfaI/=ZS' 
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1119Ro04 

post dev East OSDF 
Prepad by Geosyntec consultants 
MbCKm6.m 9nmO929 0 1 ~ ~ 1 A ~ 4 M L l i c m c x m m e r S v s t e m s  

5316  Reach 29: east runon channel 

[Iq warning Inlet alevason not m e d  

wlov = 7 . 9 5 8 8  1 2 . 6 2 h r s . V ~  1.904al 
oumov = 7 . 9 3 ~ ~ ~ 0  iz~6hrs. vduma= 1.903al. Anen=% ~ag=z.sndn . 

Fuxdhg by SIor-lnd*Tm melhod, Tbne Span= 0.M36.W hrs. dl= 0.05 hrs 
Mar Velocity= 2.9 fp. h. Travel T i  1.3 min 
Avg. Velocay = 1.1 Ips. Avg. Travel T i  3.4 rrdn 

Peak mp!k 0.9s 
capacity el bank Mt 255.23 ds 

sids Z-value= 3.0 7 
O.W 3.w deepchannel. rr.~.m ~ e n 0 . w  skp=o.oiw*r 

Reach 29: east runon channel 

Type / I  24-hr Rainfa/f=Z.55' 
Page 04 

1 /191x104 

post dev East OSDF 
Prepared by GeoSyntec Consullank 
~ y d m ~ ~ D f a  6.a) s/n OOO929 0 19862001 nppried MIuOCOmPUler Svsrems 

Reach 31: culvert 

1521 Hint: Inlet cnnditions not evalualed 
1651 Warning: Inbl elevation not s p e d f i  

Inflow = 2.25cfs 8 11.91 hrr. Volume= 0.096 a1 
OuWow = . 2.2Ock 8. 11.93hrr. Volwne= 0.096al. Allen=%, Lap0.8min 

RouUng by Slor-lnd+Trans memod. Time Span= 0.M36.00 hn. d k  0.05 hrs 
Max. Velodly= 3.7 Ips. Mh. Travel Tim= 0.4 min 
Avg. Vefodly = 1.7 fPS, Avg. Travel lime= 0.8 min 

Peak Deplk 0.20' 
Capacity at bank fuU= 1,025.91 CIS 
A fadm of 2.00 has been applied to the supptied storage and discharge dah 
72.0 Diameter Pipe n= 0.012 L ~ W ~ U -  8o.u ' slope- 0.0125 'r 

Reach 31: culvert 
Hydrograph Plot 

A 1 

000402 



postdev East OSDF rvpe II 2 4 4 ~  mintan==.w 
hga 85 

z b i . m Y A - l  w er SMemS 1 / 1 m  

Pond 1 P  (new node) 

mAovr E 1125dS(P 1 2 . 5 1 h  Vdume= 1.850af 

Rbnarv = 7 .74cke  12.76hVdUme.;  1.617af 
out~ow = 7.74ck 0 1 2 . 7 8 h  Volume= 1.817al. Anm=3196 Lag. 16.0ndn 

~ e ~ t l o n  W A r e a  ~ n c ~ t o r a  cum.stom ~ e t ~ r e a  
(leet) (acres) (acre-leet) (acrs-leet) (acres) 

589.30 0.186 0.oW o.Oo0 0.166 
590.00 0210 0.139 0.139 0211 
591.00 0278 0243 0.382 0.279 
592.00 0.342 0.- 0.691 0.344 
593.00 0.463 0.401 1.092 0.465 
594.00 0.624 0.542 1.634 0.627 

pmalY&Fk.wF~m-%4 

I Ranin(( invert CMlelDevices 
1 Rbnary 592.00 spedal(Usn-deflned) 

Head(1eet) 0.00 0.01 0.18 0.51 1.01 1.34 1.67 200 
D i  (ck) 0.00 0.W 0.08 1.33 621 17.57 31.73 51.47 

Tvpe I/ 24hr RainM9.S z(b/%q mga 86 
post dev East OSDF 
Prepared by Geosynlec Consullants 
H y d r o c A D B 6 . W Y n m O 9 2 9 0 1 9 8 6 2 0 0 1 ~ ) r c r m a m p n e r ~  m9/2004 

5316 Pond 1P: (new node) 

post dev East OSDF 
Prepared by GeoSynlec Consultants 

Tvpe /I 24hr Rainfall=2.55' 
Page 67 

WoCADS 6.00 Yn 000929 0 1986-xl)l Wed Micrannpul er Svstems 1/19/2Q@ 

Pond 3P: Borrow Area Basin 

lnnm = 31.64 ck 8 11.90 hrs, Volume= 7.954 a1 
OUMow = 0.00 CIS 8 0.00 hrs, Volume= 0.oW al. Allen= 100% Lap= 0.0 min 
Primary = 0.00 CIS 8 0.00 hn. Volumes 0.WO al 

Routing by Stor-lnd method. Tbna Span= 0.W-36.00 hrs. dt= 0.05 hn 

Peak Elev= 571 21' Storage= 7.954 a1 
Plug-Flow detention time= (no1 W l a t e d )  
Storage and wetted areas determined by Conic s e c t i s  

Elevation SukArea IncSlOre CumSlore Wet.Area 
(feet) (acres) (acre-leet) (acreleet) (acres) 

570.00 6.391 0 . m  0,000 6.391 
571 W 6 607 6 . m  6.538 6.690 . ~~~ -. .... 
572.00 7.017 6.851 13.390 7.023 
573.00 7290 7.153 20.543 7.3W 
574.00 7.613 7.451 27.994 7.626 
575.00 7.921 7.766 35.760 7.938 

mary Outnow (Free Discharge) 

oadCrested Rectangular Weir 

U RouWq Inverl Oullet D e w s  
1 Dewr  2 575 30' 48.0' Hor i r  OrilIcdGrate x 2 00 b t e d  to weu now C= 0 600 
2 P n w  569 8 0  48 0' x 200.0' long Culvert X 2.00 Ke= 0 700 

outlet 569.W S= 0.0040 7 n= 0.024 (% 0.900 

Head(1eel) 0.50 1.00 1.50 2.00 2.50 3.00 4.00 5.00 
3 Primary 578.00' 20.0' long EroadCresIed Redangular Wdr 

coel. (Engssh) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

post dev East OSDF 
Prepared by GeoSynlec Consultants 

Type N 24-hi RaidallS.55' 
Page 88 

HvdroCAWJ 6.00 dn ooo929 0 19862001 npplied M i m p u t e r  %ems 1/19/2004 

Pond 3 P  Borrow Area Basin 

000403 
. .  



GEOSYNTEC CONSULTANTS PAGE 217 OF 3qq 
Written by: Victoria CheDlak (VSC) Date 12/19/03 Reviewed by: Date: 

Client: Fluor Fernald. Inc Project: OSDF Phase V Revision Project No.: GO3211 Task No.:6/4 5 3 l 6  

EAST OSDF POST-DEVELOPMENT DESIGN SCENARIO 
25-YEAR, 24-HOUR STORM EVENT 

F0330030-100% 



postdevEsstOSDF 

WmCADB6.m dnOm929 019862001 Am4edMkmmmpulerSyslemS 

Reah  3 east drainage channel 

TYpe I1 24-hr RaInfak4. W 
PreparedbyGeosynteccomultants psge 7 

Inhw= 29.26 ds 2.390 af 
Len* 420.0' Max Vek 3.0 Ips &paca)= 1 S63.67 ds outllom 28.55 ds 2.390 af 

Infbnk 3.70 ds 0.162 af 
L e n ~ l o 0 . U  MaxVek4.5fps Capadtr1.101.12ds OumoW=3.72ds 0.162al 

Reach 3R: (naw node) 

Reach4eastQainagechaMel lnRorr37.7ods 3 m a l  
L+420.U MaxVet32Ips Capae!+1,1@353ds OutBz-3889ds 3293~4 

InooW; 44.88 ds 4.189 al 
Len$t1=44O.U MaxV&32fp CapadtrlW58ds OumoV=44.12ds 4.189al 

ReachB:east&ainagechaMel InRar;51.1Ods 5.13oaf 
l.m@h=48O.U &.xV&42tps Capadrr2582lds oumoW=6057ds 5.13oaf 

Reachm:nmoffdlvenJonchamrel Infiou. 55.14 d s  5.944 al 
Lsn+ 4OO.U Max V e t  4.3 tps Capadtr 1,63224 d s  oumoU= 54.73 ds 5ScI af 

ReachseastQafnagSchannel 

Reach8R:nmoffdhrenJoncharmel I- 5688 ds 6.371 af 
LenglJk2LoU MaxVet2Sfps capacav=1,597.48da oumo*=565Sds 8.37lal 

Ir&nv= 56.94 d s  6.531 af 
LengIh=lZU.U MaxVebB3Ips capasaY=46289ds ~ 5 6 . 7 7 d s 6 5 3 l d  

wlo*a 57.17 ds 6.- af 
LengIb 365.0' Max Vek 3 2  tps capacav=S4s.l0 ds hmkuv= 56.79 ds 6.- af 

Irdbw= 59.15 ds 7219 d 
Lengk17B.V MaxVek27Ips -232Blds ~ s S . W &  7 2 1 9 d  

Infiou. 60.72 ds 7.552 af 
Len@= 4O.U Max Veb 6 2  Ips C W -  52231 ds OWbw= 60.69 ds 7.532 al 

Inflar= 80.69 ds 7.552 af 

ReashBR:ruMftmwrdonchaMel 

Reach I O A R  nmoffmvesion charmel 

Reash 10BR (new node) 

Reach11:newcuperrh 

Reach12R:nmoffmvegionchsnnel 
24o.u  ax v& 3.4 m capaar 3i7.m m oulllor= 60.45 ds 7532 af 

Reash 13R MlondhrersionchaMel Infio\r. 12B.U de 17.814 af 
LmgLk450.U MaxVeh4.lIps capaCitr348.63ds GuULwr=lZ5.83ds 17.812af 

Inflnv. 0.52 ds 0.028 al 
LmgLk420.01 MaxVabO.9tps capacily-2278ds oUma=O38ds O a 2 8 a l  

R e a c h 1 5 : ~ ~ c h a m u l  lnllow132ods 0.187af 

Reach 14: eastnmcn dtmnel 

LengLk420.W blaxVetlBfps cspaCBy=61.62ds hmkuv=282ds 0.187e.l 



Reash17:eastlWPOllchaMd wbrc 12.43 do 0.931 d 
-42o.U MarVab32tps Capdtp43Sl8ds ambrr=1207ds OS31d 

R e d l 3 o : d n m O n C h a n n e l  bm(llh 45.98 ds 6.399 at 
LnngUl= 3O.U Mar Vnb 4.5 Ips capaaV= 104.05ds ambu. 45.96 ds 6.399 d 

I- 6.54 ds 0278 af 
LengLk 8O.ff Mar Veb 5.1 tps 1.OZ5.91 do Gmb*r= 6.34 ds 0279 d 

Reach3l:advert 

Pond 1 P  (new node) 

a -  . .. 

Peak storage= 1584 al - 49.32 d o  6.434 al 
Prbnsty~ 45.98 ds 6399 d OM!GW= 45.98 ds 6.399 a( 

I 

. -  .: . 
. .  

. .  . .  
. .  . .  . .  . .  

.: . , .-. . . , . ~. 

pwt dev M OSDF Type NZdhr Ra/nfdk4.7@ post dev East OSDF Type // 24hr RdnfaW.70' 
Prepared by GeoSyntec Consultants Paw 10 prepared by GeoSyntec Consultanls Page 11 
HvdmCADS6.00 dn-9 01986-2001 Ap&dMiuommpd er svstems lllenoog n ~ d m ~ ~ ~ ~ 6 . m  sm 000926 0 1986-20~1 Aocnnd Mboammer Svnems lllsnooq 

Subcatchment A: vegetated final cover system subcatchment AA: open spacewith good grass coyer 

Ruron = 4.88dsO lZlOhm, V d u m  0.348al 

Runoff by SCS TR20 meUbxl, UtkSCS. Time Span= 0.0036.00 his. db 0.05 hrs 
Type It 24-hr Rainlak4.70' 

Area(ac) CN D e s d p M  
1.s64 74 

Tc Lenglh Slope Velodty -2 Description 

6.9 90 0.05oO 0.2 sheat Flow. 

3.8 60 0.1000 0.3 shea Flow. 

6.4 150 0.1700 0.4 sheat Flow. 

02 80 0.1700 6.6 S h a W W I ~ f k J W .  

Imin) (leet) (rn) (Wsec) ( ) 

Grsss:short n=O.150 -2W 

Grasrrshort n=o0.150 m2w 
GrasShOrt n=O.150 m2.W 

Unpaved Kv= 16.1 tps 
17.3 380 Total 

Subcatchment A: vegetated final cover system 
HvdromaohRot 

Araa(ec) CN Desaiption 
2700 74 

I 

I .  008406 



5 3  1 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdrOcAO@B W Sh WOW9 0 188&2001 Awlled MrroUmputer svslems 

Jvps I244u R.?mfaW 70. 
Pap 14 

lll8Roo4 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdrocADB600 Uno00929 01986-2~1 

Subcatchment C vegetated final cover system 

Runoff - l l . W d s 8  12.14hrs. Vdumr. OQ23al 

Type II 24-hr Rainfaw.7v 
Runon by scs TR-20 methoQ u m .  Tlme span3 O . ~ . O o  hn. dk 0.05 hrs 

Arealac) CN Desuiph  
5209 74 

Tc Lenem Slope Velaity capacny Descripuon 

6.9 90 0.05oO 0.2 sheat Flow, 

3.8 60 0.1Ooo 0.3 - Ra, 

6.4 150 0.1700 0.4 shed now. 

0.4 170 0.1700 6.6 S h a a o w ~ F I m u ,  

Imfn) (feet) (W) (Itlsec) (dsJ 

Gnrss:Shotl mO.150 -2W 

Gnrss:Shw( =0.150 B 2 W  

Glass:short mO.150 W = 2 W  

Unpaved K~=l6.1tps 
32 400 0.0045 2 1  10.68 TrapNeelRg(ChaadR0v. 

~otw=o.cu lhi.02 z=6.0a4.o-r n=o.m 
20.7 870 Total 

Subcatchment C veg&ted Rnal cover system 

I.. :i 

. -. 

Jvpe /I 24-hr Mdak4.70. 
p o e d M i i p u l e r  51ms Page 15 

IllanOoQ 

Subcatchment CC: open space with good grass cover 

Runaff = 0.52cls 8 11.98hrs. Volume.. 0.026aI 

Runoff by SCS TR20 memod. UltSCS. Time Span= 0.~U36.W hrs. db 0.05 hrs 
Type II 2dhr MF&4.7cr 

080407 



6.8 90 0.05oO 02 - -. 
3.8 60 0.1000 0.3 sheet Ra. 

Grass:shxl rr.o.150 ph2w 

Grass-shxl rr.o.150 P2=2.w 
6.4 150 0.1700 0.4 

0.4 170 0.1700 6.6 ShaIkrcUKmmbdFLn. 
&paved Kv.18ltps 

1.7 250 0.0045 2 4  1816 TrapNeeAedchanrrlAoa. 

0.9 150 0.- 2.9 251)o l r # V ~ C h a n n d A w .  
~otw=o.at b 1 . D  & s a  a xo'r 0.030 

m.w=o.m ~ = i . s g  4.0 a so7 0.m 
20.1 870 Total 

Subcatchment D: vegetatedffnal cover System 

post dev East OSDF 
Prepared by GeoSyntec Corwl tan ts  
W A ~  8.m ~n 000928 o 1986-2001 ~pp l ied  Micmumputer svsttems 

Tvpe IlZhrRainfalM.7(7 
Page 18 

lflsmwl 

Subcatchment E vegetated final cover system 

Runoff = 11.BBdsO 12.13hrj V d u m  0.603al 

Runotf by SCS TR-20 mlhcd, UH=SCS. The SPWF 0.W36.W hrj. Q 0.05 hrs 
Type II 24-hr RainlaW.7W 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HIdroCAWD 8.00 Yn OOO!Z9 0 1986-2001 hGed M i p d e r  svstems 

Type I1 24hr Flahfdk4.70' 
Page 19 

1/1amo4 

Subcatchment EE: open space with good grass cover 

Runoff I 2.1OdseD 1219hn. Vobnne= 0.163af 

Runoff by SCS TR-20 memod Ultscs.  Tlme Span= 0.W36.W h r j  dl= 0.05 hm 
Type II 24-hr M a l M . 7 0 '  

Area(ac) CN Desait~ ucn 
0.925 TI 

~ o ~ w = o . ~ '  D=I.W z= 4.0 a 3.0'1 e 0.030 

18.7 850 Total 

subcatchment E vegetated final cover System 

Subcatchment EE: open space wkh good grass c o w  

000408 



0.4 1M 0.1700 6.6 s(laDabnCanbabrdFt0w. 

2 2  390 O M m  2 9  26.33 1rapnaQlnnClRor. 
urpaved K n  16.1 fps 

Bc4.WdJ.W r t1 .W Zs4.083.O'f b0.030 
19.7 860 Total 

a 
post dev East OSDF 
Prepared by GeoSyntec Consultants 

Jvpe 1124hr Raidd1d.70' 
Page 22 

HvdmCAW6.W eJnIlnooo929 01986-200lMedMbommputerSydems 

Subcatchment G vegewkl final cover system 

Runoff = 12.45 cfs 0 12.13 Ius. Vofume. 0.941 al 

Rumff by SCS TR-20 method. UKSCS. Trms Sparr. 0.0046.00 Ius. & 0.05 hrs 
Type I1 24hr RainfalM.70. 

Area(ac) CN oesdption 
5.309 74 

slope vabdty capadtv - 
6.0 90 0.05M 0 2  --. 
3.8 M) 0.1oOO 0.3 -Flow. 

6.4 150 0.1700 0.4 =*. 
0.4 170 0.1700 6.6 YlaDarcaKmmwFlOur. 

(jrasashor( bO.150 p 2 5 2 w  

G-shorl ~ 0 . 1 5 0  P2=2.W 

Grnss:shor( bO.150 *2w 

0.4 160 0.1700 6.6 ShirIlorrCarenbatad~, 
urpaved Kb-16.1 rps 

BDLW=O.O(I M . 4 9  L 6.0 8 3.0 'f lk 0.030 
0.9 365 0.0050 6.7 914.80 TrapNedRectcIlaMelFbrr. 

17.6 810 Total 

. . . .  . . .  . . . . . . .  . .  
. . .  . . . . . . .  . . . . .  . . . . .  . . .  

. ,. 

w e d  Kv=l6.l fps 

BdW=O.GIY b 1 . W  & 4.0 8 3.0P 
23 410 0.W50 29 28.33 T ~ d f k c t c h B m a l R o n .  

0.030 
10.6 880 Total 

subcatchment G ve@ated final wver system 

post dev East OSDF 
Prepared by GeoSyntec Consultants 

Type /I 24-hr Rainfak4.70' 
Page 23 

Hvdmw\DB 0 dal m 2 8  0 1886-2001 &pned MClUCOtllDl$eI SVsfemS 1n&%?OO.$ 

Subcatchment GGR: open space with good grass cowr 

Fhmofl = 3.18ds 0 1224hffi. V h  0.313af 

Runoff by SCS TR-20 melhod UKSCS, lime Span= 0.0046.00 hrs. dk 0.05 hfs 
Type II 244II MnfaW 70. 

Arsa(ac) CN oesdption 
2.350 67 

2% = T g v & ~ y D e s d p t i o n  

shed Fbw. 
Grass:sha( mO.150 m.260. 

282 3w 0.O2Oo 02 

2 1  290 0.O2Oo 2.3 shalbrrcmuen(ratedFlo*, 
Unpaved K b - l G l f p  

a.3 580 Total 

wwm- . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :I 
.Subcatchment GGR: open space with good grass cover 

Hudr- P l a  

880409 



. T i  Sparr= 0.003600 lux dt= 0.05 Ius 

0.548 79 

post dev East OSDF 
Prepared by Gsosyntec Consultants 
hdlCCADB 8.00 sm wo928 0 18882001 wed Minommpulel SVslemS 

T p  1124-h Ra/nfa/l=4.7V 
Page 28 

111812004 

Subcatchment II: open space with good grsss cover . 

Rundl = 2.73dsQ 1217hrs. Volume= 0.232al 

Area(=) CN Desaiption 
1.669 68 

14.9 210 0.0400 02 SheetRar. 

0 2  70 0.1660 6.6 ShallOrr-Fla. 

7.9 380 0.0025 0.8 shalbw CaMXmaM flow. 

(jrass:shat n=o.150 P2=2w 

Unpaved Kv= 16.1 fps 

lhUlaved Kv= 16.1 Ips 
23.0 660 Total 

Slmcatchmenl II: open space with good grass a v e r  

., .. . _  . . . .  . .  . .. . . .  . .  . .  _ . . . _  . .  . . . .  . . . .  . 

post dev East OSDF 
Prepared by GeoSyntec Consullants 
lMroCADB6.00 ah ax)928 0 19882001 wed MicmQmouter *erns 

Tvpe / I  244r RainfalM. 70' 
Pace 27 

Subcatchment IR: vegetated final cover 

Ruroff = 214dsO 11.99hrs. Volume- 0.106af 

Rlmoff by SCS TR-m mema(. U-kSCS. Thm S p  0.0036.00 hrs. d k  0.05 hm 
Type II 24-hr fiainfaII=4.7W 

Area(ac) CN CJScdph 
0.600 74 

Flow. 6.7 150 0.1500 0.4 
Grass: short IB 0.150 P2= 2.W 

Uwaved Kv= 16.1 Ips 
0.6 220 0.1500 6.2 Sha(l0vr carxntratsd flow. 

7.3 370 Total 

j 0 



23.9 300 0.0250 0 2  sheat Flow. 
Grs0:Short rko.150 -2w 

Unpaved Kv=l&ltps 
0.3 40 0.0250 2 5  ShaIkmlcarerrlratedRon, 

0.3 110 0.1660 6.6 shaoacxme&&dRoa, 

17.4 640 0.0025 0.6 ShsPmConcenbahdFlnt, 
urpaved Kvs16.1Ips 

Unpaved Kr- 16.1 IPS 
41.9 1290 Total 

subcatchment JJ: open space with good grasscover 

. . . . . . .  . ' I  .......................... .................... . .  
. . . . . . . . . . . . . . . . . . . . . .  - L ~ . ~ - I . L . L . L ~ _ . _ I _ I _ L - . * ~ . , _ * _ . _ L J _ ~ _ . _  . . . . . . . . . . . . . . . . . . . . . .  

post dev Ead OSDF 
Prepared by Geosyntec comultants 29 
~ v ~ o c ~ ~ 8 6 . m  *moo0929 o i a 8 6 - m i ~ ~ ~ ~ 1 M i p u l a r ~ ~ f e m s  i n m  

Subcatchment JR: wgetatd final cover 

Runoff = 5.73dsO 12.14hs. Vohrme; 0.44781 

AreaIaa CN oesalprion 
2520 74 

(rn ?;% z v = y " " p "  
9.6 80 0.0176 0.1 sheet Flm. 

4.1 60 0.0830 02 sheat Ra, 

6.4 150 0.1700 0.4 -. 
0.5 190 0.1700 6.6 shaao*-Fia, 

0 2  80 o.Oo50 6.1 646.68 TrapNedRedchwnelRor*, 

GmsxshCul rko.150 p22.W 

Grass ?hal mo.150 P%2W 

GfasshCul mO.150 p2.2.W 

Unpaved Kvs 16.1 Ips 

Bd.W=lO.lZ llS.85 Z= 6.0 a 3.0 '1 m O.(rJo 
20.6 560 Totrcr 

Subcatchmsnt JR: wgetabd final cover 

. . . . . . . . . . . .  . . . . . . . . . . . .  

I * I I I I . , I ,  . . . . . . . . . . . . . . . . . . . . . .  
I 1 , 1 , , I I . ,  . . . . . . . . . . . . . . . . . . . . . .  
I I I . I I I I I .  . . . . . . . . . . . . . . . . . . . . . .  

I I I . ,  a , , , .  
I I I I . , , , , ,  
I . I , I I I I I I  
I . . , , ,  I , . ,  

-r-,--.,-.-r-r-r-*-.- . . . . . . . . . .  

0 1 2 3 4 5 6 7 8 0 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 1 1 8 1 9 ~ 2 1 ~ 2 p b l % ~ ~ ~ 2 D 3 0 3 1 ~ 3 3 Y ~ x )  - gpun) 

Tvpe II 2 4 h r  Rainfalld. 70' post dev East OSOF Type 11244~ Rainfafld.70' 
P a p  31 PreparedbyGeoSyntecComuRants . Page30 

HydrocADB0.W s t n ~ O 1 9 8 6 - 2 0 0 l ~ ~ M ~ D U l u t e r S y d ~ S  1 I lWiW HvQ0cme.m tln 000929 o i w . 2 ~ 1  wed Miraxwn~~~uter svsrems lllsnwq 

post dev Ead OSDF 
Prepared by GeoSyntec Conscmants 

subestchment KlR. open space with good grass cover Subcatchment K 2 R  open space with good grass cover 

f 
b 

! 

Runoff = 0.61&@ 1231hn. Vakrme= 0.067af 

Fiunofl by SCS TR20 memod UHSCS. lime Spcm O.W-36.W hrs. dl= 0.05 hn 
Type II 24-hr RaMab4.7Ir 

Area(=) CN oescrfptian 
0.530 66 

T C  Lenem slope v a t y  capacity b r t p u o n  
(mm) Ifeel) IWll) IWsec) Ids) 
332 300 0.0110 02 she3tFlov. 

Grass:ylat n=0.150 P%2W 

Unpaved Kv=16.1IPS 
02 23 0,0110 1.7 shamw COnsentnRed Flow, 

33.4 323 Total 

subcatchment K2R open space with good grass cover 



1.3 150 0.0140 1.9 shaporcDncapretsdFlorr. 

0.3 110 0.1660 6.6 shsoac.mm$mwRar. 
unpaved Kv= 16.1 tps 

L l l p v d  KV= 16.1 l p  

Ursgved Kv=16.1fps 
11.9 630 o.Oo30 0.9 s h a 0 W - d .  

3 S 4  1.190 Total 

Subcatchment KK: open spacewith good grass cover 

. . .  .:. . - .  . .  . . .  . 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HVmoCAW6.W Sm ooo929 0 1986-2w1 M e d  Mkmamputer Svstems 

rvps //24-hr RainfaIk4.7~7 
Page 34 

1niV2004 

Subcatchment U: open space with good grass cover 

Rlmoff = . 6.61 ds 0 12.25 hrs, Volume= 0.701 sf 

Runofl by SCS TR-20 method. UH=SCS, Tme Sparr. 0.0038.M) hrs. dt= 0.05 hrs 
Type Ii 24-hr Rainfalt4.70' 

Tc Length Sop Velocir, Capacity Descripfian 
(rnin) (feet) (MI) (Wsec) (CIS) 

24.3 300 0.0240 0 2  shed Flow. 
Grasxshor( m0.150 P2=2W' 

U m 6 d  Kv=16.ltps 

Bol.W=Ll.W 0-3.W Z= 3.0 T m 0.030 

1.3 200 0.0240 2 5  S h a u o r ~ R O w .  

2.5 900 O.Oo90 5.9 160.52 TrapnrcelRectchannel Flow, 

28.1 1.400 Total 

Subcatchment L k  open space with good grass cover 

post dev East OSDF 
Prepared by GeoSyntec Consultants 

rvpe /I z4-h f?a/nfa/!=#. 7~ 
Paw 35 

HydmCAWD6.W Smooo929 01986-2001 A~MedMicraxwnDuterSystms lllsnooq 

Subcatchment M: open space with good grass cover 

Runoff = 3.WcfsO 1204 hrs. Vdurne= 0.212af 

Runoff by SCS TR-20 memod. UHSCS. Time  spa^?= O.OC-Z6.00 hrs. d k  0.05 hrs 
Type I1 24-hr Rainfait4.7V 

Area(=) CN DesalpSon 
1.oM 79 

Tc Length slope Velodtv capacity 
(ndn) (leet) (Mi) (Wsec) (CIS) 
11.5 170 O.Osa0 0 2  sheet flaw. 

Gras~:Shorl n=0.150 P2=2W 
0.6 2M) 0.0045 5.1 352.87 TraplveelRectagmrl Fla. 

Bol.W=ZO.M 0-3W 2=3.07 mO.030 
121 370 Total 

t 

000412 



f 
B 

6 

c 
- - t 4: 

t ;  
2- 

1- 

a 

0 -  

0 

. .  . . .  

00s dev East OSDF T w  I/ 2- Ra1nfaE4 70' 
Page 38 

1118RM)4 
brepared by GeoSynlec Consultants 
WADS B 00 aln mo9m o tgmmt mned ~rmmmp~ta svsrems 

Subcatchment NN open space with good grass cover 

(491 Hut TcQdt may requre smaller Q1 

R u d l  I 378dsQ 1192hrs.VdumrP Olmaf 

R M  by= lR-20 method, UHSCS. Time Span. 0 0038 00 hrs. d k O O 5 h r s  
Type II 24hr RainfalLl70' 

Area (ac) CN DBsulptlon 
1274 68 

Tc Length Slope Velodty Capadly Desdption 

1 4  600 00130 7 1  19292 TmpNdl7edchamrlh .  
(nun) (feet) Irn) WSeC) @IS) 

B O L W S O ~  w . w  t -ao'r  eo030 

Subcatchment NN open space with good grcss cover 

. . .  . .  . .  . .  
.... . . . .  . .  . .  . .  . - .  . .. . .  . .  . . .  .. . .  . .  

post dev East OSDF Type I/ 24-hr Rainfand. 70' 
Prepared by GeoSyntec consultants Page 39 
H-AWD 6.00 awf i~~)  o t 886-20o1 A p p w  M i ~ u e r  S W ~ S  1/1&2w4. 

Subcatchment 0 open space with good ~ r a s s  cover 

(491 Hint TcQ& may requlre smaller dl 

Runoff P 6.54cls Q 11.91 hrs. Volume= 0.279aI 

Runoff by SCS lR-20 method. UHSCS. T M ~  Span= 0.00-36.00 hrs, dt= 0.05 hrs 
Type II 2Mr RairdaDs4.7Cf 

Area(ac) CN DescIiPnoll 
1.317 79 

Subcatchment 0. open space with good grass wver 

000413 



*. 
post dev East OSDF 
Prepared by GeoSyntec Consultants 
HydmcADBE.00 dnoM929 018882001 APPbdMiaommMW%6l Rrm 

Type I/ 24-hr MnfaUd. 70' 
Page e 

111812004 

Subcatchment PP open space with good gas c o w  

Runolf = 22.Wds 0 12.97hn. Volume= 4.742af 

Rwon by SCS TR-20 method. UH=SCS. llme Span= O.W-36.00 Ius, db 0.05 hrs 
Type U 244u RahMk4.70' 

Tc Length slope VebdlY Capadly k d r n  
(rrdn) (feet) (Mt) (rtlsec) ( d S )  
20.4 150 0.1660 0.1 sheel Row. 

345 150 0.0025 0.1 yret Row. 

24.6 1.190 0.0025 0.8 ShanoWbnserdratedRar. 

79.5 1,490 Total 

Grass:Sha( rt.0.150 p i h O . 2 6 '  

-9lal n=o.150 -260. 

Unpaved Kv=l6.lfps 

Subcatchment P P  open space with good grass cover 

. . . . . . . . . . . . . . . . . . .  ..- ............. *...* ........ -..-*.- . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  ............. *-.....- ........ i-c..- . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  ............... .I_...,.,.. ........ L,. 

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
, #  * . , , I  , , I , , .  

, . , * * . , , , I  

.L....'...I.I.I.,.L.',.,.,.,........ .... ,. 
-8. '-4. : - , - L . ) + L * - < - , .  I _ L _ L _ . _ _ L  _L 

lam i%-=I 

! 

. . . . .  . .  , .  - . . . . .  . .  . . . . . . . . .  . .  . - . .  . .  . .  
. .  

. .  . .  
. .  _ . _  . 

post dev East OSDF 
Prepared by GeoSplec Consultants 

Type 11 24-hr Rainfak4.70' 
Page 43 

HvdrOcAaB6.W dnooO928 01986-2001 ADDaedMlcmmmwlRrSynems lllsnooq 

Subcatchment 0: open space with good grass cover 

Rlrnon c 1 2 2 9 d s 8  1228hrS,VdUme= 1264al 

Ruroft by SCS TR-20 method, U l t s c s .  Tone Spm= O.W-36.00 hrs. db 0.05 hrs 
Type II 244u RainlaM.70' 

C O O 4 1 4  



uH.scs. Tm - 0.0036.00 hrs. dk 0.05 hrs 

(Ed CN D&af#al 
2.612 74 

uH.scs. Tm - 0.0036.00 hrs. dk 0.05 hrs 

(Ed CN D&af#al 
2.612 74 

- 
Q 
t 

post dev East OSDF 
Prepared by GeoSyntec C o n s u l ~ t s  

Type II 24-hr RainfaEd 70' 
Page 46 

HvmoCAW 6.00 am ooo928 0 19W-2031 A@kd t a m p u l e r  sys1MIs 111812004 

Subcatchmentm. open space with good grass cover 

1491 Hint: TcQdl may require smaller dl 

R ~ f l  = 0.16dsO 11.95hrs. Volume= 0.007al 

Tc Lergth slope Vebdiy capadty Desuiption 

3.7 40 0.0460 02 sheet Flaw, 
fmin) Lfeet) ~ W s e c )  (crs) 

0lass:short e0.150 P2=2.60' 

Subcatchment TR open space with good grass cover 

post dev East OSDF Tvpe II 244~ WfaR4.7ff 
Prepared by GeoSyntec Page 47 
livlYdmcAW6.~ Smooo928 OlW52W1AppaedMkmputerSystemS 1118Ro04 

Subcatchment U open space with good grass cover 

~unoff  = 6.57& 0 1228hrs. vohrma= 0.681 af 

RUMH by SCs TR-20 memod, UHSCS, Tbm, Span= 0.0036.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainfan=rl.7V 

Area(ac) CN DascWon 
4.149 72 

. .  

-Flow, 
Grass:short n=O.150 -260. 

Unpaved Kv= 16.1 fps 

lmin T; 7s %g ;E2 -Yz - 
30.2 300 0.0140 0 2  

2 1  240 0.0140 1 3  shanowcaKsnbateaFlov. 

ZZ.3 540 T d  

Subcatchment U open space with good grass cover 

000415 



. . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sukatdumnl W open space with good grasscover 

10.9 300 0.1780 0.5 shestmaw. 
G r e s S : s h t  rto.150 

Unpaved Kv= 16.1 fps 
1.0 400 0.1780 6.8 S h a I l o v ~ R O w ,  

0.7 270 0.0114 6.7 180.66 TrayeelRedchannel Flow, 
Bot.Ws0.W k3.W 2=3.O'f 11=0.0 

126 970 Total 

a . .  

post dev East OSDF Tvpe N 24hr Rainfalk4.70' 
Prepared by GeoSyntec Consultants Page 50 
HvdxCAD2~6.00 dnOX329 0198sxY)l &piIedUkmcmnputerSyslems 1/18/2cq 

Subcatchment X open space with good grass cover 

Runofi = 17.50 cfs 0 12.30 hrs. Volume;. 1.869 at 

Runofl by SCS TR-20 msmod. UHSCS. lima Spart O.CC-S.00 hm dt 0.05 hrs 
Type II 24-h~ RainfalI=4.7W 

Tc Le@ Sbpe VBlocity Capaaty oesaiption 
(mln) (feet) (rn) (Wsffi) (cfsl 
26.7 300 0.0190 0.2 sheet flow, 

5.5 730 0.0190 22 ShauarcaventratedFbW, 

1 2  330 0.0100 4.8 57.39 TrapveemeetchaMel Rar, 

Grasxshat lko.150 p2.;26(1 

Unpaved Kv= 16.1 fps 

BotWs0.W D=2.W Z= 3.07 n= 0.030 
33.4 1.360 Tdd 

Subcatchment X open space with good grass cover 

Tvpe I1 24-hr RainfM=4.7r 
Page 51 

llla,-2004 

post dev East osw 
Prepared by GeoSyntec Consultants 
HvdmCAm 6.00 dn M)o[)29 0 1986~001 k p r b d  Mlaommpuler systems 

Subcatchment Y open space with good grass cover 

Araa(ac) CN CkmipWm 
6.522 73 

Tc Length Slope Velodty Capacav Desuiption 
(dn) (feet) (Wit) (Wsec) (as) 
31.1 300 0.0130 0.2 sheet flow. 

Grass:Shcd r t O . 1 5 0  PE2.60' 

Unpavd Kv= 16.1 fps 

Bd.Wd.W k2.W Z=5.084.0'1 n=O.030 

4.6 510 0.0130 1.8 shallow concentra(ed Rar, 

1.1 340 0.0110 5.1 92.00 1r;aNeeiRectChannlflow. 

36.8 1.150 Total 

Subcatchment Y open space with good grass cover 

. . . . . . . . . .  . I  . . . . . . . . . .  

. . . . . . . . . .  
, , , . . , , I i  
1 1 1 1 1 1 1 1 ,  

__I_ :. 1 . 1 .  L _ L _ L _  - 
I , , , , , . : < -  

, I  a . *  . , I  I I . . , . , ,  

000416 



wst dev East OSDF Type 1124-hr RalnfaE4.70' 

Prepared by GeoSyntec Consultants 
HVdmCAwD 6.00 dn 000929 0 1986.2001 AwArI M i i m e r  Svslems 

Page 54 
1118/2004 

Reach 1R: (new node) 

(521 Hint: Inlet ccnatirns not evaluated 
[6?4 Warning Inkt elevaLbn not specified 

6.61 ds 0 1225b.  VolUlW= 
6.59 dS 0 1226 IUS, Volume= 

0.701 at 
0.701 d, Allen= o%, L a p  0.5 Inin 

Routing by Sta-lr&Trans memod Time Span= 0.00-38.00 hrs. d b  0.05 hrs 
Mar Velcdty= 5.4 fp. Min Travel Time= 0.3 d n  
Avg. Velocity = 2.4 fps. Avg. Travel Th€= 0.7 d n  

Peak Depth= 0 . S  

A factM of 2.00 has been applied totha glppued Srorage end discharge 
72O'DbmeterPlpe rtO.010 LW@b100.U SCF%=O.OlW'f 

capadtyatbankM1.; 1.101.12ds 

Reach 1R: (new node) 

postdevEastoGDf Type if  24-hr RainfaJM.70' 
Prepared by GeoSyntec Consultants Page 55 
HydroCADID6.00 Sm IN0929 0 1986-2001 Amkl MicmcOmputer Svslemt 1118Ro04 

Reach 2: east drainage channel 

[65] Warning: Inlet elsvatlon not specified 

Inflow = 19.04cfsO 1214hrs. Volume= 1.481 d 
Oumow = ta52ds (D 1222hrs. Volume= 1.481 af,  AHen=3%. L a p  5.1 rnin 

f7wUng by s l ~ - I r & T ~  memo4 T i  Span= 0.0038.00 hrs. dt= 0.05 hrs 
Mar VebcRy=25 Ips. Min Tmvel T w  28 ndn 
Avg. VeIodtj = 1 .O fp. Avg. Travel Tima= 7.3 rnh 

P e a k ~ l . 3 s  
capacity at bank Mb 1205.98cfs 
0.W x 6.57 deepdwmel. e0 .030  Length=42O.(Y Slope=0.0045'1 
Sida slope Z-value= 3.0 5.0 'f 

Reach 2: east drainage channel 
W r m n n h  pht 

800417 



Read, 2R: (new node) 

post dev M OSDF Tvpe I1 24-hr Rainfak4.70' 
Prepared by GeoSyntec Gmsultants Page 58 
+ h d m C ~ 6 . 0 0  chGViS23 QlSSB2iWt A $ J p R e d M ~ m e r S s  111&2KM 

Reach 3R: (new node) 

I521 Hint: Inlot d b m  not evaluated 
[6q warnins. Idel elevation ml spedfled 

Inflow = 3.78ds0 1 1 . 9 2 h ~ V d ~  0.162al 
OUHIMV = 3.72-3~0 11.93hrS.Vdume.. O.t62af.Atlert.Z%,Lag.O.8mtn 

! '  

j 
. ,: 

Reach 3: east WMge channel 



Reach5:esstdrainsgechannel 

D 44.86dsO 122Bhrs. V d U w s  4.189al 
= 44.12ds 0 1233hm. V d U w s  4.18981. -* I a g = 4 2 h  

by !%r-hd+Tm memod Tbm SGam O.W-36.W h13, dk 0.05 hrs 
MarVelocity=32fps. MlnTmvellkn~=23dn 
Avg. Velocily~ 1.1 fps. Avg. TmvelT!mz= 6.6 mln 

peakDep(tp1.76- 
capsdiv a kaf?k fun= 182.58 ds 
0.w x 3.w deepchannel. n=o.m Lengul=44o.u slOpe.o.a)507 
SMe gaPe Z-va!us= 3.0 6.0 'I 

.Reach 5 east drainage channel 
nvdmmdlPk4 

a 
Type If 24-hr Rahfaf/=4.70' 

Peg0 62 
i/rsnoa( 

post dev East OSDF 
Prepared by Geosyntec Ccmsultants 
H,dnSm 6 M  dn RXQ28 0 19862001 AmEd Wlaommputsr %I ems 

Reach 7R: runoff diversion channel 

(a Wantin@ Inlet ebvalkm MI specif% 

lnfbw = 55.14 ds B 12.33 hn. Vdume= 5.944af 
OUtAav = 54.73ds8 1238hm. Vclunxe . 5.944al. AHeF=l%.Lag=2.7mh 

by StOr-lndtTm mlhcd. Time Span= 0.0036.00 hra dk 0.05 hrs 
Mar Velodtyi  4.3 Ips. Mln. Travel?bna= 1.5 mh 
Avg Velodly= 1.6Ips. Avg.Tfavel Tims= 4 2  rfdn 

Reach 7R: runoff diversion channel 

FJeakDqlm= 1.63 
Capsdty a bank* 25321 ds 
0.w x 3.00 daep chamld. I!= 0.030 Lwgk 480.0 9cpe. 0.01 w 'I 
SMe slope Z - b  3.0 6.0 'I 

Reach 6: east drainagechannel 

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

. .  
. .  . . .  

. . .  

Reach 8R: tunoff diversion channel 

1651 Warning: 1rde.t elevatian nd speufied 

1- P 56 .86~9~  8 12.37 hm. Vdlmur= 6.371 af 
~ u ~ o w  = 56.55ds8 12.41hm. volume- 6.371 af. Aneml%. Lag=2.2min 

Roullng by Slor-lnd+Tmm melhcd, Tm Span= 0.W36.00 hrs. d b  0.05 hrs 
Max. V e l d +  2 9  Ips. Min. TraWlTblW= 1.3 ndn 
Avg. Vekdty = 1.1 Ips. Avg. TravelTblW= 3.5 ndn 

! 



! 

:! 
j 

Reach IOAR: nmoff diver*on channel 

hdtov = 57.17ds 8 12.42hrs. Vdune= 6.705d 
olmbw P 56.T9dsB 12.48hrsrS.Vdume= 6.705d,AUer~l%.Lse;3.3~ 

Reach 1oAR- runoff dhrersion channel 

[m Warning: lnla elevatbn mt specified 

lnffow = 59.15dsO 12.48hrs. Vohrme. 7219al 
Oumav = 5aBods B 1251 hrs, V d w  7219al. Auen=o%. 1.9 ndn 

Roullng by S t o r - ~ l r a m  mathod, Time Sparp 0.00-36.00 hrs. dt= 0.05 hrs 
Max Velacity= 2.7 Ips. Min. Travel Time= 1.1 mb, 
Avg. Velodly = 0.8 Ips, Avg. Travel 'he= 38 min 

Peak Depnl= 1 . a  
Capadty at bank ha= 202.01 ds 
10.21' x 2.62 deep channel. rp 0.030 LenguI= 179.w SI- 0.0029 'f 
Side Slope 2-valwh 3.0 4.6 7 

Reach IOBR: (new node) 

! 

Reach 11: new CMP arch 

000420 



a . . .: 
. -. 

post dev East OSDF 
Prepared by Geosyntec Consultants 
HvdrDcAwD 6.00 sln KO929 0 19862001 Amlied Mlcmccmmer Systems 

Tvpe I1 24-IU Ralnfalw. 70' 
Page 70 

l l l S R W  

Reach 1 4  east runon channel 

1651 Warning: Inlet elevalion ndspeclfied 

Inflow = 0.52ds B 11.98 hrs. Volume= 0.028af 
m w  = 0.38 ds 0 1217 hm, Volume= 0.026 af, Allen=ZPA. lap 11.3 m b ~  

RamngbyStor-l~T~method.TimeSpan=O.OO-36.Whn*dO~hn 
 ax. Velapy. 0.9 fps. MIL   ravel n- 7.6 min 
Avg.Velaity=OJlps, Avg.TmelTime=21.6min 

Peak D e p h  0.33 
capacity a1 bank hdk 2278 ds 
0.00 x 1.w deepchannel. m0.030 4m.u slope=o.oom*r 
side slope Z-b'ahm- 3.0 5.0 7 

Reach 1 4  east tunon channel 

\ 
! 

j 
j 
I 

.. . ! 

._e:  

. !  

. !  .. . . .  

post dev East OSDF 

~y6m~~m 6.m dn 000928 o lgag2001 Apprkd ~ iaoaun~uiw svstems 

Reach 1 5  east runon channel 

Type I1 24hr Ra/nlall=#,7~S 

lllsRoo4 
prepared by Geosyntec Consultants Page 71 

[w Warning Wet elevatim not specified 

OuMOw = 2.82ds 0 1212 hfs. Volume= 0.187 a f .  Allen= 12%. Lag= 6.6 min 
Infla* = 320dsB 12.01 hrs. Volume= 0.187al 

000421 



! 

Reach 18: east m n  channel 

1651 Wamlns: Inlet devafion nc9 spedned 

lnRav = 21.43dS0 1227hrs. volume= 2.waf 
OulROw = 20.99dS(D 1233m. vdume= zwaf, Ax€%=* Lag;3.7min 

by Slor-lnd+Trehs memod. T i  Span= 0.00-36.00 hrs. dt 0.05 hrs 
Max. Vekdly= 3.7 fps, h'h. Travel The= 2.0 min 
Av5 VdCCIly 1.3 fps. Avg. Travel Ti- 5.6 mill 

PeakDepm.1.W 
capacitv at bank Mb 169.20 cfs 
0.W x 3.W deeo channel. n= 0.oJo Length= 440.0 slope= 0.0100 'f 
sldasOpeZyahr;b3.07 

Reach 18: east won channel 

, , , I . ,  I .  I I 
, . * I . ,  I *  # I ................... 

........ .....-........ *...... ......... 
. . . . . I . . / . . . , . .  1 1 . 1 , .  I ,  , , ,  , , .  , ' I  . . I  I . % I  I I .  .............-.......... - -~ .  .___. .~---- .. . . . . . . . . .  

I ,  I I , ' , * I  .............. ................ 
I 

. . . .  . . .  . . . .  ... . -. . . . . . .  . . -  . .  , . .  . .  
. .  

post dev East OSDF 

IWmCADB 6.00 dtl oooS2a 0 1986-2001 Ap&d MiimomW sVStem.9 

Reach 19  east runon channel 

Type I/ 24-hr RalnfaIM.70' 
Page 75 

1/18/2004 
Prepared by GeoSy-~lec ConsUnants 

[W wamin!& lnlel e!%vah not specifled 

t n f b  = 38.43- 8 12.32hrs. Volume= 3:913af 
OUtRow = 37.75dsO 12.41hrs. V W  3.913af. Anem;;, Lag=5.2min 

Roulhg by SIOr-lnd+Tm mefhod, Time Spans 0.00-36.00 hrs. dt= 0.05 hrs 
Max. Velodlyp 2 8  fps. Mih Travel Time= 2.8 nin 
Av5 Velany = 1.0 Ips, Avg. T ~ v &  T I  8.0 ndn 

Peak Deph 0.91' 
capadty at bank- 911.12ds 
0.W x 3.W deep channel. R; O M 0  Le* 470.0' St- 0.- 'f 
side scpe z-value. 3.0 30.0 -r 

Reach 19:eastnrnonchaMel 



Reach 20. east runon channel 

Peak D6pnI= 1.8T 
CaPadyatbankMt 153.84ds 

Side slope Z-value= 3.0 'f 
0.M x 3.M deep clrsnnel. IF 0 . m  Le@h= 75.u slope= 0.- 7 

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

. . .-: - :. 
.. . .  

. .  

post dev East OSDF Jvpe I/ 24-hr RainfaW. 7Cr 
Prepared by GeoSyntec Consultants Page 78 
HV60CAWD6.W arhoa)928 Olss62Wl~edMicmcmpulwSynms l l l ~  

Reach 22r east runon channel 

16q warmng: Inlet elevstion nal specif-ad 

Inflow = 48.39ds B 1249hra. Volume= 6.48181 
oulffow = 4824ds 0 12.51 hrs. V d m  6.481 81. AttErF 0%. bQ= 1 2  mfn 

Rcubtg trf Stor4nd+T~ method, Tme Span= 0.0036.W hrs. 6 0.05 hm 
Mar Velod*p 4 5  tps. Mln. T m d  0.7 min 
Av$ Velodty D 1.4 (ps. Avg. TrevelTbne 23 mfn 

- 

Peak Depth= 1.8s 
capacffy at bank Mt 364.4ods 
0.M x 4 . w  dsepchannel. mo.030 Lengh19o.u slope=0.0100'f 
Side Sope Z-valu~= 3.0 'f 

Type 1124hr Rahfak4.70' post dev East OSDF 
Prepared by Geosyntec Consultants Page 79 
H r J m C ~ 6 . W  dn,ooO!329 0~98B-2MlA~~IkdMMinannpulerSysteme 1/18/2004 

Reach 23: new CMPcuhferts 

[sq f f i t :  wal condtiom not evalualed 
[6q Warning: lnlel eleMtion no( spedfled 

InRoW = 48.9dsB 1252hm V d n  7.12781 
olrmou = 48.15dOB 1252hrs. Velum= 7.12771, AlIen=O%, Lag=OSrrdn 

RoulLg by Slw-Ind+Tns memjd The spur= 0.W36.00 hra 6 ' 0 . 0 5  her 
Mar VeWiy= 5.4 tps. Mur. Travd Tme= 0.3 mln 
Avg. Velalty D 1.5 fps. Avg. Tiavd Ttm~= 1.0 mfn 

Reach 23: new CMP culverts 

! 



e 
post dev M OSDF 
Prepared by GeoSyntec Consultants 
~vdrocnw~ ern sh 000929 o 1s86-mi Applied M i p u l e r  s w m s  

Type /I 24hr Rahfalfd. 70' 
Page 82 

1/18Mw 

Read, 2 6  NnOkl Channel Reach 2i? new CMP arch 

(651 Warning: Inlet elevation ncp Specitied 

lnRow = 6429cf.s@ 12.46hn. Vdume= 9.354af 
OUtROW = 64.13 ds @ 1249 hrs. VolunW= 9.353 d, Atten= 0%. Lag= 1.9 min 

ROUling by S l n - W T ~  m mod Tbne S p  0.0038.00 hrs. d!= 0.05 hm 
Msr. Ve(ocHy= 4.4 !p. Mn. Travel Trms= 1.1 rnln 
Avg. Velocity = 1.4 fps. Avg. Travel T w  3.7 min 

Peak oepat 2 m  
capaci(yat bank Mt 80.11 cfs 
0.W x 2.W daep channel, n= 0.W Length= 30011 S b p e  0.0075 P 
SMe slope 2 - V b  3.0 'f 

Reach 2 6  mnon channel 

post dev East OSDF 
Prepared by GeoSyntec Consultants 
HvdmcAaB, 6.W dn Om929 0 1986-ZCm1 A m  Micmmmputer .%terns 

Type /I 244hr Rainfalk4.70' 
Page 83 

1/18/2004 

[U] m wet rnh ,y evaluated 
( 6 1  Warnine: fnla elsvatlon notspedied 

Inflow = 65.08cf.s 0 12.48hrs. V d W  9.674d 
OUtRW = 65.WdsO 12.49IUS. Vdume= 8.674d. A - B .  Lag.O.5mh 

Routing by Stor-lnd+Trans memod Time Span= 0.0036.00 IUS, dk 0.05 Ius 
Uax. Vela+ 5.2 Ips, Min Travel Trme 0.3 min 
Av@ Velociry I 1.5 Ips. A w  Travel rune= 12min 

Peak oepm: 1.64' 
caoadtv el bank Mt; 398.58 cfs 
A iHaa'01 2.00 has been q$JiTed lo me supPoad &+ageand discharge data 
7 2 W  Diameler Pipe n= 0.018 Le- 106.0 sbpe. 0.0042 'f 

Reach n: new CMP arch 

000424 



. -  . .  . , . .  . .  . 
. .  . 

post dev East OSDF 
Prepared by GeoSynlec Consultants 

Tvpe /I 24- Rafnfak4.70' 
Page 86 

HvdrocAwD 6.00 sh ow929 0 19852GOl A p o M  Miaaommer Systems 1/18/2004 

Reach 30: east tunon channel 

1651 Wamlng: Inlet elevation not specwed 

lnllow - 45.98ds (P 12.48hrs. Volume= 6.399al 
OUtRaw = 45.96ds(P 12.48hrs. Vchna= 6.399al. Atte-o"/, h p o d m i n  

Max. VeJodlp 4.5 fps. Min Travel mna3 0.1 min 
Avg. Velodly = 1.4 @. Avg. Travel Times 0.4 min 

Peak oepmi 1.84' 
caoadtval bank Mb 104.05 d S  

mutm by w-lndi~ran~ memod rm span. 0.0036.00 hrs. dt. 0.05 hrs 

Reach 30: east tunon channel 

postdevEastOSDF Type I1 24-hr RMak4.70' 
Prepared by GeoSyntec Consultants Page 87 
Hvdmcm6.00 am Ooom 0 18852CQ1 ApprWd MiUOmrnoUter Swlerns 1/18/2004 

Reach 31: culvert 

1521 Hint Inlet cmdilons not evaluated 
1651 W m h &  Inlet elevation no1 @led 

InRow = 6.54ds 0 11.91 hs. VdumE= 0.279al 
OuWow = 6.34dsB 1lSlhrs. Volume= 0219a(.Altef?=3?4, Lap0.5mbl 

Rouling by StOr-lrrkTm mamoQ Tme Span= O.OX35.W hrs. dt. O B  hns 
Max. Vebcitp 5.1 fps. kcm. Travel liw 0 3  rrdn 
Avg. Velocity = 1.8 Ips. Avg. Travel lim 0.8 min 

Peak Depih. 0.34' 

A Iadm of 200 has been applied to the supplied storage and dkdwge data 
n.cr~iameter* -0.012 -8o.v slope=o.oiz~r 

capaeilyalbankMb1.025.91 ds 



591.00 0% 0243 0- 0279 
592.00 0.342 0.309 0.691 0344 
593.00 0.463 0.401 1.092 0.465 
594.00 0.624 0.542 1.634 0.627 

OUlRa (FrnDiScharga) 

t lRaninq ~ a m e t D e v l c a s  
1 primary =m-(--deRned) 

Head(feel) 0.00 0.01 0.18 0.51 1.01 1.34 1.67 200 
Msch.(dS) 0.00 0.00 0.08 133 821 17.57 3l.73 51.47 

Pond 1 P  (m mde) 

post dev East OSDF Type I1 24hr Rainfak4.70' 
Page 93 

post dev East OSDF Tvpe I/ 24hr RainfdlLd. 70' 
page 91 Prepared by GeoSynIec Consultants 

1 1 1 ~  HvdroCAwb 8.00 000929 0 19862001 Applied Mkmmmputer %ems 
Prepared by GeoSyntec Consutlants 
WmCAD@6.00 Smoa)928 01986-2001 ApDlledMkmDJmpuluSVSlWf 1 1 1 ~  

Pond 3P Borrow Area Basin Pond 3 P  Borrow Area Basin 
Hvmosnph plot mRow = 150.77dsO 12.59hs. Vdme=' 26.523al 

ouaow = 0.00 d s  (D 0.00 hrs. V d u w  0.003 af. Atten= 1 9  Lap 0.0 min 
primary = 0.00ds 0 0.00hrs. Volume= 0.0Waf 

Rmlbq by sta-lnd memod. The SpaG= 0.0036.00 hrs. dk 0.05 hrs 

Peak oev= 573.w stmag€= 28.523 af 
p l u ~ d s t e n o o n ~ ( r w f ~ ~  
storage and wened areas detemdned by conic bectbns 

, ' , I , , . , ,  €lwation surf~rea Inc.Stm CMlStMe WeLArea 
(feet) (acres) (&eel) . facrefeet) (-1 

570.00 6.391 0.000 o.Oo0 8.391 
571.00 6.687 6.538 8.538 6.690 
572.00 . 7.017 6.851 13.390 7.023 
573.00 7290 7.153 2o.m 7.300 
574.00 7.813 7.451 27.994 7.628 
575.00 7.921 7.768 35.760 7.938 

0 1 2 3 4 5 8 7 8 0 1011121314151~171010~2l~~2(25~27~20~031995(JUIl 
b 0 

rested Rec(angdar Weir 

I R W l i n q  mvellametDevices 
1 DevlceP mm 48MHorbOriflcalGrateX2W UmitedtorveirROw 0 0 . 6 w  
2 Rtmary 569.W U x ~ V l m g C u l ~ ~ t X Z a J  -0.700 

3 PIbmly 578.W 2 O . V l m g b a d e = t d ~ W e b r  
a m e t ~ n v ~ ~ . ~  s=o.oo4o-r e0.024 (ao.800 

Haed(fee1) 0.50 1.00 150 200 2 3  3.00 4.00 5.00 
coet. (En@sh) 3.00 3.00 3.00 3.M 3.00 3.00 3.00 3110 
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A vegetated Arvl cover 
Tcl8.31nh -74 ARs=TTJoo RundPl.80da 0.U4af 

B. vegetated Rnal aver  
T r l 9 . O h  -74 -Ma RMon;144& 0281 81 

s&atchmentc*eeahtsdArvlmver 
Te=lQ.O ndn -74 Ana=SJ59 a RMon; 148 da 0 2 4  d 

S- D: Mal cover 
TC=19.0 mh *74 ARas.5308 Rulxdr=3.56& 0281 af 

Subutshment ER: vegetated Rnel aver  
Tcl8.8rnin W 7 4  Arrs=s.Soac RMon;3.45da OrmOaf  

Subcotchment F1R ~ t a t u t  Mal cover 
Tr17.5 ndn -74 M . 9 1 8  rs RmS= 0.82 da 0.M8 sf 

Subcakhment F1R: (new node) 
Tcl7.3 ndn -74 Afesl.Ss0 rs R W  1.06da 0.082 af 

Subeakhment m: vegetated Rnai coverlcommdon laydown 

SubcrtshmantoR:(~tewnode) 

S u b w k h m d  HR: nomegsbtsd flnai m e r  area 

Trl3.4ndn W 7 4  Area=l.BSJo RMon;1.466 0.098af 

T ~ 7 . 7  ndn -75 A ~ ~ ~ 0 . 3 6 6  a Runmi= 0.39 da 0.ml a f  

T C = O . S ~  mra -.oa a ~ ~ o n ; a i z d a  0.007af 

T F Z . ~ ~  cw74 -.3izac R m a s d a  o.oi7af 

~c=wrnin -74 -.=a Runcdt;o.mch aMaf 

Subcatchment J l R  grass area 

subutChmMfJ2R:lJW=W 

Subcatchment KR: runon north of bomw area . 
T r l l . 8 r h  -76 -3700~ Runmi=234da 0.Wd 

Subutchmenl UL- grass area 
Tr28.6 mh CN=74 Am9==287 115 RumW 1.12 ch 0.120 af 

Subcatchment mnon north of borrow area 
T d . 8  rnm -79 M . 6 7 5  a Runmi= 1.15 da 0.049 af 

'QiN 
post dev West OSDF ' 6 ' Typell2chr einfe17=2.5.S 
Prepared by GeoSyntec Comultank 

Suh.tshmmtNpnuarea 

-0:pOnd 

-mR:gnuarea 

S-rngIISSm 

-QN: NIy)II nor(h ofbonorvsro. 

psee 2 
HVdWXD@6.W rhrmo928 0 1 9 8 8 2 0 0 1 ~ ~ S y r t a n  inaROW 

Tu152 mh W 7 4  Afes1.W rs Rtax& 0.77 da 0 . a  a f  

T ~ l . 0 h  M Amz=ZXZa RUplt;(LCMda 0.Usaf 

~ ~ 7 . 0 -  -74 A R I F ~ ~ E S ~  ~ a e s c h  o.osaf 

T d . 3 h  -74 Amso2148 -021 da 0.011 af 

~ ~ = i i . ~ n d n  w n  -.inac R - ! I = o . ~ s . ~ s  0.0ogaf 

LWWF 400.0 w v e  1.7 IPS capactlr 424.60da 01dlk~ 1.66 da 0.1- a f  

Reach 1: west chpnnel lrdk 1.80 da 0.144 al 

Reach 2 wart channel lrdaE 4.73 da 0.424 a f  

Laem=4W.U UalV&Zl@ CapStp424.60da a d a a 4 . W , d a  0.423af 

Irdhv; 7.52 da 0.707 a f  

-400.U MBVe!=2.4tpS ~ 4 2 4 . 6 0 d .  Qmkr7.14da 0.7Mef 

lrdbF 9.52 da 0.895 af 
LergW 9O.U MB V e  2 6  tpS - 426.17 da 0IdlkE 9.45 da 0.895 a f  

kulov= 9.45 da 0.895 af 
I&noth=100.U MarV&ZStpS CaQadW397.33da a d a a 9 . 4 1 d a  0.891d 

lrdhv; 9.41 cb 0.994 a f  
Len&h= 38O.U MarVe!= 2.5 @ Capa&p 424.60 da Oullkw= 9.26 ch 0.890 ef 

Reach 7AR: Haul Road Culvert 1 wbw; 10.01 da 1270af 

Raaehhwestrrertd 

Reach 4 west channel 

RuchSudver( 

Reach6:wartchannel 

Length=8l.S MBvSr3.3fpl cwadly=166.63da oumaVs10.88ctr 12lOaf 

ww iasz da 1.200 a f  Reach 7BFt Chpnnel bebaeea GIS 14 6 15 
Lensrns1W.U MaxV&l.7lpa capasitU=200.78da armrP1O.Bsda 128oaf 

lndGF11.09da 1jjJaf 
Len@= 286.U Max Ve!= 5.0 tpr Capaap 286.41 6 C ~ L ~ F  11.03 da 1.331 a f  

Reach 7cR: Rbnb Parking Lot Culvert 

Reach ?DR Runoff Drainage Channel south of Rimh Inlbh=ll.l5cb 1.316af 
Lenglh=237.U MaxVeC2.1rps capaitr599.79da Out1W~11.05da 1.372af 

Reach 8AR vmst channel In+ 13.00 ctr 1.754 af 
Lenpm-220.Cf MaxVSr1.9fpt capacftr389.11drr OumovP13.00ctr 1.748af 

post dev West OSDF 
Prepared by GeoSyntec Consultants 
HVdrCJXD%6.W dn wo929 0 39862001 &plied Miuaompln arsvnenu 

TVpe I1 24hr Rainfak2.55' 
Page 3 

111BRoo4 

Reach 8BR Culvert at Sad BOh 2 enlrance -13.00da 1.748af 
LmgU1=3o.U MaxVe!=4.0fpr capacicI=535.70da oUmav;12.89da 1.747af 

I n k  13.02 da 1.759 a f  

~ m g u ~ 8 t . r  w v ~ r 4 . i f p r  capaay.n8.12& o u t ~ a r i ~ . o o d a  i.7saaf 
Reach 8CR Channel into sod Basin 2 

Reach 8AR: Extended Drainge Channel South of Cell 8 I* 2.34 da 0.143 a f  

Lagth. 197.0 MB V& 3.0 CpI C w  267.67 ds Qmkr 223 6 0.142 a f  

lrdlar 2.23 ch 0.142 af 
Length= 88.8 MBL VeP 3.5 tpr Capac+ 353.53 da Cut!kw= 221 da 0.142 af 

I n k  2.29 da 0.149 af 
Lscgll~= 21.5 Max VeP 3.0 tpS Capady= 1.6SS.60 da Oumwr 2.28 da 0.148 af 

Irdhv; 1.08 cla 0.082 al 
Lw&=71.4' MaxVeC2.4tpt Capa+243.75ctr Out!k=l.Mcfs 0.082al 

In+ 1.04 cla 0.082 al 
LmglI~38.U MaxVe!=27fp. capadny-343.51da oUmOr1.04da 0.082af 

1- 2.40 ch 0.179 a f  

LengU~320.U MaxVe!=l.Ztpl Capacip17290da oVmwr2.18ch 0.178af 

I n k  224 da 0.188 a f  

Lw&=60.U MaxVe!=l.Ztpl -170.32da OuUbw=2.21ch 0.198al 

Reach 11R cutvart Irdhw=218cb 0.178af 
I&noth=48.8 MaxV&2.8tpl -264.80da oumW2.16da 0.178af 

Irdhw= 3.70 ch 0.347 a f  

Lenaap 104.8 MBLV& 2.3 fpa Capdty= 413.70 da ournap 3.68 ch 0.347 af 

lrdhv; 1.12da 0.lU)al 
Ltngth=lZO.U MaxV&l.Ofpr capacap300.61da Outf&pl.llda 0.120af 

I n k  1.00 ds 0.058 al 
LergWllZU MaxVe!=2.5fpa -82256da -0.97ch 0.058af 

I*0.15& 0.md 
Le*sS.u MaxV&l.Ofpr Ca@ly=408.62da Oumwro.15da 0.M9af 

Reach 9BR (new node) 

Reach 9 R  Channel UIS of 3 b  Culvert 

Reach 1OAR (new node) 

Reach 1OBR (new node) 

Reach 1OR acc6s road dive& channel 

Reach11AR(newnode) 

Reach 1 2  Culvert hum F Slreeet Ihlnage Channel 

Reach 1 3  (new node) 

Reach 14: Culvert horn North Entnnce Road channel 

1 5 N  CuhrertdJ.scsntto North Enbance Road 

Reach 1 6 N  Channel east of North Enlranca Road I n h ~  1.23 cla 0.058 af 
LUrpm-382.U MaxV&l.7(p -71.46da oumOrr1.OOda 0.058d 

Peak SLOnp 2.425 ef In* 14.72 da 2.426 a f  

Pthmy= 0.00 da 0.000 af oumou= 0.00 ds 0.m a f  

0 
Pond 1 P  Sedimentation Basin 2 

post dev West OSDF Type IJ 24hr Rainfall=2.55' 
Prepared by GeoSyntec Consultank W e  4 
~ v r n ~ c ~ ~ ~ e . 0 0  rhroo0929 O ~ B ~ ~ ~ W ~ A D C M M ~ ~ S V  mau 1118R004 

Runoff Area = 39.900 ac Volume = 2456 af Avenge Depth = 0.74' 

000429 



- 6  
post dev West OSDF 
Prepared by GeoSyntec Consullants 
HvdmcAwD6.00 6mWO929 01986-2(30lA#4iedMlcmmmpnerSMamr 

5 3 1 6 Typell24-hr 
- 6  

post dev West OSDF 
Prepared by GeoSyntec Consullants 
HvdmcAwD6.00 6mWO929 01986-2(30lA#4iedMlcmmmpnerSMamr 

5 3 1 6 Typell24-hr 

05 

0.8 

0.1 

0.5 

19.0 

200 0.1700 

190 0.0075 

60 aoiw 
200 0.0075 

850 Tdal 

 DO^ dev West OSDF Tvpe 1124-hr Rainfaa=255' 
Page 7 

1/18/2004 
Prepared by G ~ ~ S ~ I E C  consultants 
lWmCnwD6.00 shwo929 0 lgSgZW1 A P P l i e d Y i i P v r e r  svslamr 

Subcatchment B vegetaM final cover 

Hvdroaradl F%l 

Type /I 24-hr Rain-55' 
Page 9 

1 l l ~  

pod dev West OSDF 
Prepared by GeoSynlec Consultants 
HydrocnwD 6.00 dn COO929 0 l9sgMol Awlled Micmmmpner Splems 

Subcatchment C vegetated final cover 

Runoff = 3.48ds (P 1214hrs. Volume= 0.284af 

Runoff by SCS TR-20 method. U t i = = ,  Xime Sp- 0.W-24.W hrs. dl= 0.05 hrs 
Type II 24hr RainfallS.55' 

TC Lensth Sbpe Velody CapacnV hr tpt lon 

6.9 90 0.05W 0.2 shea*# 

3.8 60 0.1OOO 0.3 SheeiFbUr, 

6.4 . 150 0.1700 0.4 SheeI Row. 

0.5 200 0.1700 6.6 Whw concemated Row. 

(hn) (feet) (Mi) (Wsac) (cfs) 

Grass:Shrl m0.150 -2W 

Gras%Shcil m0.150 -2.W 

Grass: short n= 0.150 -2.W 

Unpaved Kv=18.1 tps 

B0LWdJ.W D=2W Z= 3.0 6 6.0 'f n= 0.030 
0.8 190 0.0075 4 2  75.84 . T r a p V ~ c h a n n e l f l o w .  

0.1 60 0.0100 15.0 423.51 clradarCharmel(plpe~ 

0.5 195 0.0075 8.6 424.60 T~WRedchiuum(f low,  
72.r Ares; 28.3 d P a l m  18.8' r= 1.W r.= 0.013 

BoLW=O.OV b4.W Z= 6.0 6 2 0  7 n= 0.030 
19.0 945 Total 

000430 



post dav West OSDF 
Prepared by GeoSynlec Consultanls Page 11 
HVmoCAWD6.00 SmMo929 019862001AppledMrmcomputarsYnms lllMMo4 

Type / I  24hr RaInfak255' 
Page 12 

1/1€izow 

post dev west OSDF 
Prepared by GeoSyntec Mnsultants 
HVmoCAD@B.OO Sm wo929 0 1-2001 &pried M i i p u t e r  Svstarns 

Subcatchment ER: veg&ted final wver 

R m f f  = 3.45ds f3 12.14hrs. V d u w  0.28Oal 

Tc sbpe Velocity Capacity Oescription 

7.4 110 0.0625 0 2  sheet Row. 

2.9 45 0.1110 0.3 sheet flow, 

6.4 150 0.1700 0.4 Sheet *. 
0.5 200 0.1700 6.6 ShallowcsXcemmedFlan, 

(mid Ifeel) (wrt) (Wsec) (ds) 

Grass: shat m 0.1 50 p2.2.W 

Grass: Shnt m 0.150 ph2W 

Grass:sharl m0.150 P2.2.W 

Unpaved KV= 16.1 ips 

t%atW=O.W D-3.W Z= 3.0 8 6.0 7 ,-,= 0.030 

Dlam 72.V Area= 28.3 sl Perim 18.8' r= 1 .W m 0.013 

1.4 510 0.0075 6.1 237.31 T ~ ~ c h a n n e l f l o v r .  

02 85 0.W29 8.1 226.07 CbadarChannel(pipe), 

18.8 1.100 TOM 

Subcatchment ER vegeMed final cover 



\ '  

Page 15 
1 1 1 w m  

post dev West OSDF 
Prepared by GeoSyntec CansUnanis 
IMmCADS 6.00 sh Mo929 0 19862001 ApoW M i i v u l a r  Systems 

Subcatchment FR: vegetated final coverlconsbudion layclown 

Runofl = 1.46'3s 0 1207hrs. V d w  0.098al 

Runofl by SCS TR-20 method. UH=SCS. Tune Span= 0.0&24.00 hrs, dt= 0.05 hrs 
Type II 24-tu RainfaW.55' 

Area(.%) CN De* 
1.853 74 

Tc Lenem slope V W V  capacity QesuipUon 

2.9 30 0.05oO 0.2 sheet Flow, 

3.5 55 0.1OOO 0.3 - Flow. 

6.4 150 0.1870 0.4 sheet -. 
0.5 180 0.1700 6.6 ShaaaConcenba(sdFknr, 

hlhl) @et) (Wn) (Wsec) 03s) 

Grass:Shal 1k0.150 P2=2.W 

Qrass:shat mO.150 P2.2W 

Grats:Sha( mO.150 P2=2W 

Umved Kv=16.1foo 
0.1 30 0.3303 9 2  s h e u n . ~ F l o w ,  

Unpaved KV=W.lfoo 
13.4 445 Tdal 

Subcatchment FR vegetated final anrerlconstNdlon laydown 

I 

d 

Subcatchment F2R: (new node) 

Fhmoff = 1.ffids 0 1212hs. Vdmv3= 0.082al 

Fhmoff by SCS TR20 memod. u)tsCS. T i  Span= 0.00-24.00 hn. Q- 0.05 hm 
Typeu2&krFL&daQaSs 

Arealac) CN Descmim 
1.550 74 

6.9 90 0.05m 02 shea Row. 
Grass:shat mO.150 m 2 W  
sheet -, 3.5 55 0.1000 0.3 
Gran:shocl mo.150 p 2 2 W  
sheet Row. 6.4 150 0.1667 0.4 
G ~ s h a t  mO.150 m2.W 

Unpaved KV=16.1W 
0.5 200 0.1667 6.6 ShaIlorrcancentrataIRar. 

17.3 495 Total 

SubcetchmentF2R:(neWnode) 

I 
6 

' G  

. ... . 

post dev West OSDF 
Prepared by GsoSyntec Consultants 
t i w m c A m  6.00 dn m 9  0 1986-mt Awned Micrommpuler Wems 

Subcatchment GR: (new node) 

Tvpe II 24-tu RainfaU%Sfi' 
Page 16 

1 1 1 ~  

~unof l  = o.%& 0 12.00hts. Volume= 0 .W af 

Tvpe I1 26hr RaInlaU=2.55' 
Runofl by SCS TR-20 method. UH=SCS. Time Span= 0.W24.00 hrs. dt= 0.05 hrs 

Area(ac) CN Desulption 
0262 74 
0.m 79 
0.069 79 
0.368 75 WeighledAverega 

(ndn) (feet) (wft) (Wsec) (ds) 
Tc Lenglh Slope Velaity Capacity Desaiption 

6.5 150 0.1670 0.4 - -. 
0.7 270 0.1670 6.6 S h a l l a ~ F l O u ,  

0.5 60 0.0167 21 shanowconcentratedRa. 

7.7 480 Total 

GIaSsshocl Iko.150 p2E255' 

Unpaved Kv=l8.ltps 

UnDaved Kv= 16.1 Ips 

Subcatchment GR: (new node) 



Page 16 
post dev West OSDF 
PreparedbyGeoSyntecComuitants 
HVQDw\D86.00 dn- 01986.24)l ~ M p o m m p d e s v s 1  BN i n m  

0.1 
024 
om 

post dev West OSDF 
Prepared by GeoSyntec Consullants 
HvdmCAD1DB.M) dn wO928 0 IsBg2001 AwTled Mkrccunmer Svnems 

Type I1 24-hr RainfdlS.55' 
Page 19 

111WcQ4 

SubcatchmentJ2R:grassarea 

Runon = 0.90ds (D 11.99hrs, Volume; 0.045aI 

Runoff by SCS TR-20 method. UH-=S, Time Span= O.CW?4.00 hrs. dl= 0.05 hrs 
Tvpe II 24-hr RainfalH.55' 

Arealac) CN Desdptlar 
0.854 74 

post dev West OSDF Tjpe 11 24-hr Rdnfak255' 
Prepared by GeoSynlec Consultants Page 20 
HydrocAwD6.M) dnooo928 01986-2001 ~liedMboawn~f,rSsyslems 111- 

Subcatchment K R  runon north of borrow area 

Runoff = 2.34cls 0 1205hrs. Volume; 0.143al 

Runoff by SCS TR-20 method Uti=SCS. T I  Spar!= 0 OCb24.00 hrs. dt= 0.05 hrs 
Type II 2- Rainfalk255' 

Area(sc) CN DextWon 
1.469 74 
0.792 79 
0.109 79 
2.370 76 WelghledAverage 

(h) (feel) ( ) ( ) ( ) 
Tc bnem =w$ v z  y Desalption 

4.3 70 0.1oOO 0.3 - Row. 

6.4 150 0.1700 0.4 Fk*r, 

0.4 155 0.1700 6.6 shallar cmcfsmM Flow. 

0.7 95 0.0180 22 ShaOarbncantratedFlow, 

Grasr:sha( mo.150 p2=2.55' 

Grasrsha( mo.150 Fz=2.w 

Unpaved Kv.16.1fp 

unpaved Kv=16.1fp 
11.8 470 T U  

Subcatchment KR: runon north ot bommr area 



.. . . .  

post dev West OSDF Type I1 2 4 h  RainaIk2.55' 
Prepared by GeoSynlec Consultanls Page 23 
HyhDCA~6.W s l n O w 9 2 9  819882001 ~ e d M i i p u l e r S y g t e m r  1 1 1 ~ 0 0 4  

subcatchment N: grass area 

Runofl = O.77dsO 12.09hm. Volums= 0.055al 

Rwofl by SCS TR-20 method. UH=SCS, Thne Span= 0.W24.W hrs. d k  0.05 hrs 
Type II 24-tu Rainlall=2.55- 

Arealac) CN DesaipUcn 
1.043 74 

Tc Length slope Velodty Capaaly Descrlpuon (mm) (leal) (WH) (Wsec) (ds) 
15.2 170 0.0250 0.2 sheet flow, 

Grass:Shat *0.150 P%2W 

post dev West OSDF Type I/ 24hr Rainfan-255' 
Prepared by GeoSynlec conwltanls Page 24 
l W r c C ~ 0 . 0 0  plnay)928 019862001 ~opneduiimersysferns 1116@q 

Subcatchment 0 pond 

1491 Hint TcQdl may require smaller dl 

RUMH = 8.94dsO 11.9ohrs.Vdu1~= 0.435aJ 

R u ~ f l  by SCS TR-20 memod, UHSCS. TW Span= 0.W24.00 hrs. dl= 0.05 hrs 
Type 11 2dhr Rainfalt2.55' 

Area(ec) CN Desclipli 
2252 98 

000434 



. . . . . . . . . .  . . . . . . . . .  

0 1 2  S 4 5 6 7 8 0 1 0 1 1 1 2 1 3 1 4 1 5 1 8 1 7 1 1 1 1 9 ~ ~ ~ ~ 2 4  - m-4 

post dev West OSDF 
Prepared by GeoSyntec Consultants 
W,,CALW 6.00 & m g  o 1 9 w m i  Applied Mimamputw S W ~ S  

Type If 2Mr Mak2.55' 
Page 27 

1/16Roo4 

Subwtchment QN runon north of b o r n  area 

Filmoft = 0.15cfs (P 12.05hrs. Volume= 0.00981. 

Type I1 24-hr RainfalI=2.55' 
Runoff by SCS TR-20 method, UH=SCS. lime Spans 0.W24.00 hm, dl= 0.05 hn 

Arealac) CN DesuMiM 
0.127 79 

subcatchment P2R: grassarea 

post dev West OSDF 
Prepared by GeoSyntec C o n s u ~  
HvdmcAW6.00 dnfXCQ29 Oi986~2001 ADW MlcmamDuler Svnems 

Type fl 24-hr Rainfak2SEi' 
Page 28 

Il l= 

Reach 1: west channel 

1651 Wamlng: Inlet elevation m( spedf~ed 

Inflow = 1.8ocfsO 12.13hrr. Volume? 0.144af 

Ramng by stor-lnd+Trans method. Tm Spn=  0.0024.00 hrs. d k  0.05 Ius 
hhx. Vetodty= 1.7 fps.  in  ravel Tim 4.0 mln 

Peak Dq.dh= 0.w 

sids slope Z-V- 2.0 6.0 *r 

OvtROw E 1.68cfsO 12.25hn. Volume= 0.14381. A t l e a .  Lap7.4min 

Avg. Velocity = 0.8 fps, Avg TrWd The= 8 2  min 

Capadly at bank M t  424.60 cfs 
0.W x 4.00' deep channel. n= 0.030 Lengm= 4w.V Sopa= 0.0075 'r 

Reach 1: west channel 

........... 
, , I 6  
I , , ,  
I , , ,  
. , I .  . . . .  

000435 



Reach2westchannel 

1651 W m h T  w- dw 

mRow = 4 .73ds8  1 2 1 8 h r s . V h  0.424al 
4.58 da 8 1227 hrs. Vduw= 

by SlDrnd+Trsm IllEmOd Time Span= 0.0024.00 hn & 0.05 hm 

0.423al. An- 39&, Lag= 5.7 mln m velcdly=21fps. lr6RTrevelTIine=Xlmbr 
Avg Veladly = 1.1 rpS Avg Tr8vel The= 6 3  mln 

PeSL mplh= 0.n 
capsdtv al bank& 424.60 ch 
0.W x 4.013 deep charmtd. rc= 0.m Lengllk 4OO.O Skpe= 0.0075 '? 
side slope z-- 2.0 ao *r 

Reach2westchaMel 
Hvdrcamnh Flc4 

a 
post dev West OSDF Tvpe I/ 24-hr Rainfak2.W 
Prepared by GeoSyntec consultants Page 31 
HvdmCAI336.00 sh'1OW929 Q1986-2001AppkiiMiicuiwSydems l/lsnaQ 

Reach 4 wed channel 

(69 Warning. Inlet elevalion no1 specified 

InRcw = 9.52 CIS 8 12.26 hrs. Volume= 0.995 a1 
outflow = 9.45cfsO 12.28hrs. Volume= 0.995af. Anen=l%. Lag=l.lmin 

F h l h g  by Slor-lnd+Trans memod. Time Span= 0.0024.00 hrs. dl= 0.05 hrs 

Avg.Velocily= 1.3fps. Avg.TravelTune= 1.1 mh 
 ax. vekity= 2.8 IPS. m. T ~ V ~ I  rime= 0.6 min 

Peak D e p k  0.96. 

0.W x 4.W deepchannel. n = O . M o  LengtI!=SO.O Skpe=0.00787 
Side slops Z-value= 20  6.0 '1 

CepacityatbankMb426.17ch 

Reach4westchannel 

1 1 1 1 1 1 1 1 . I I  , I > I I , I ~ .  . . . . . . . . .  . . . . . . . . . . .  __-_-__,__ ~ _ _ _ l _ _  _ _ I  ..... ~ . - ~ . ~  ............. ............. 

. . . . . . . . . . .  

....... L..L.J..I..L... . .... >... .. ...... 
...!.. .................. ............ ...... 

. . . . . . .  
I . I I I I ,  

1 1 1 , 1 1 1 1  * , . . , , , .  , , , . , , . .  

o i 2 3 4 6 e 7 8 o io 1 1  12 13 14 is i s  17 18 IO 20 21 P P 24 - Fau.1 

T w  /I 24-hr Rainfm7s.W 

. . .  

post dev west OSDF 
Prepared by GeoSyntec consultants 
t M r o C ~ 6 . 0 0  shoo0929 018882001Appl)BdMiaocomcuierSysiemt l l l ~  

Page 32 

Reach 5 culvert 

( 5 3  Hint Inlet c o n d i e  not evaluated 
1651 Waming: we( elevation not specified 

CuUIow = 9 A l c l s 8  12.30hrs. Vdume= 0.994af. Anen=O%. Lag= 1.1 min 

Routing by Stor-lnd+Trans memod. Time Span= 0.0024.00 hrs. d k  0.05 mS 
Mar Vebdty= 2.9 fpa Mln Travel Tlms; 0.6 mln 

lnRow = 9.45dsB 1228hrs. Volume= 0.995af 

A% Velocny = 1.3 fpa Avg. Travel Time= 1 3  min 

Peak Depm 0.64' 
Capadty at bank Mt= 397.33cfs 
A factor of 2 W  has been appoed to the supplied storage ard m e  data 
7 2 ~  D ~ ~ E U  pipe rc= 0.024 ~eneyp 100.0 s- 0.0075 -r 

Reach 5: culvert 

000436 



post dev West OSDF Type I1 244r f?alnfa//S.55' 
Prepared by GeoSyntec Consultants Page 35 
M 6 W  &moo0929 019862001mliedMfuaompulerSyCteml 1/16/2004 

Reach 7BR: Channel between GIS 14 & 15 

[65j Warrdng: Inlet elevation mt specified 

Inflow = 10.92cfs8 1236hm. Volume= 1.286al 
OumoW = 10.85cfs(D 1238hm. Volume= 1284a1, APen=l%. Lapl.8min 

Rarting by StOr-lndtTram mevloQ Tbne Span= 0.W24.00 hrs. dk 0.05 hrs 
MarVelodlp13fps. M l n . T r a v e l ~ l . O m i n  
A m  Vdcdty = 0.9 fp, A v ~  Trave( lIm6= 1.9 mln 

PeakDepth=l.W 
capadty el bank Mh 200.78 cfs 
0.w x 3.n d a e p ~ ,  n=o.m ~ength=iw.u scpe=o.o023~r 
sida slope Z-V- 8.0 2 . o ~  

Reach 7BR: Channel between GIs 14 & 15 

1. .  L.....,..I...._'..'. ...... 
I I I I I I I I I I I  . . . . . . . . .  I I I I I I , , I I  I 
1_.L._I_ .,__ :.-< -_.__,__ L .:.. 2 .. 

_ ' _ _ I _ _ 1 _ _ 1 _ _ L _ ~ _ _ 1 _ _ . _  A _ * _ _  

.. I..L.....J ..I..L.,.. ,.. 
. , , a , , , 8  . . . . . . . .  . . . . . . . . .  I , I / , I 1 I I I  
I I 8 , I I I I I  

. . . . . . . . . . .  
1 1 . 1 1 1 1 1 1 1 .  

. . . . . . . . . .  
1 1 , 1 , 1 1 1 1 1  
... _L ......... ,____ .......... . _ I . . A . . L . . L . ,  _..-- L..L.,-.L- . . . . . . . . . .  I I , I I I I , I I  .... ..-- .J..'..L.>... .... _ . _ _ I _ _ > _ _ L _ _ L _ ,  _ _ I _ _  L - 2  __,__ 

I I , I I I I I I  . . . . . . . . . .  
_ . _ A  __,_. L..L_> __.__ L . A _ , _ _  

I I I , I I I I I  . . . . . . . . . .  
1 , I I I I I I I I  

............... .....I..L.. 

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 I I  
I I I I I I I . < I  

, , . , . I , ,  
' I I I I I 1 I  

, . , , , , . I .  I . . . . . . . . . .  
.... _ L _ A _ ,  ....... A _ _ . _ _ , _ i _ , _ _  .-....L.-....'........ 

.......-. ................. ......... ... ........._ 

o 1 2  3 4 5 e 7 8 o i o i i i 2 1 ~ i ~ i s i 8 i 7 i a i 0 ~ 2 1 ~ ~ ~  
lhw (hM.) 

post dev West OSDF 

livdrcCAKm6.00 sinoM929 0 lgS62M)l Awbed Mboamputw Warns 

Type I/ 24-hr RafnfaUS.55' 
Pase 36 

1116/2004 
Prepared by GeoSyntec Consultants 

Reach 7CR: Rimia Parking Lot Culvert 

152) Hint Wet conditions rot evaluated 
1651 warning Inlet elevath nd spgified 

IMOW = 11.00ds(D 1238hrs. volume 1 W a f  
Oumow = 11.03ds 8 1241 hrs. Volume= 1 3 1  al. Atten= 1%. Leg= 1.7mln 

RcuUng by .Stor-Ir~!+Tram memod. Time Span= 0.W24.W hrs. d!= 0.05 hrs 
Mar Vebdty= 5.0 Ips. Wn. T m v e l h  1.0 ndn 
Avg. Velociry P 2 4  Ips. A v ~  Travel W- 2.1 min 

Peak Depth= 0.w 
CapaCrryatbankMt298.41ds 
72.W Mameter Ftpe h 0.013 Lenglk 296.0' slope. 0.0049 'I 

Reach 7CR: Rimla ParMng Lot Culvert 
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post dev wed OSDF J y p e / / . ? d l r r ~ 5 *  
paw 37 . Prepared by GeoSyntw: Consultants 

-6.00 6lnmMo929 0 1 8 8 6 - 2 0 0 l A p p B s d ~ p i f  l/lMM)4 

Reach 7DR: Runoff hainage Channel south of Rimia 

[Qq wentfg Inkl e l e v a h l n o ~  

E 11.15dsO 1241hrs. Volume= 1.376al 
= 11.mctse 1246hrs. volume= !.mal. AnEs=l%, Lag=33n#Il 

Tm .Span= 0.(1024.W hi-s, & 0.05 hi-s 
lbne=1.9mhr 

Abg Velocity= 1.1 (ps. Avg. Travel Tine 3.7 mhr 

Peek 0 s  
capacitvai bank fun= 599.79 ds 
zw I: 4.71. d a e p ~  = o . m  w m . u  sope; 0 . 0 ~ 2 - r  
side sope z-valua;. 4.3 3.9 *r 

Reach7DR: R u n d  hainage Channel southof Rimia 

" . .  . . . . . . .  

. .  

post dev West OSDF 
Prepared by Geo.5yt1tec Consultants 
HvmocADB 6.00 dn ooo929 0 1sBgmO1 AppW L ( i c m a r m m  Svanm 

Type I /  24-hr Ra/nfa//=2.55' 
Page 41 

1/16t2004 

Reach 8BR Culvert at Sed Basin 2 entrance 

1521 HW Inlet condiions nol eMhlated 
(651 Waming: Inlet elevation not spedfied 

lrdlow = 13.00ds@ 12.48hrs. v d u n w  1.748el 
Oumow = 12.99ds@ 12.48hrs. Volume= 1.747al. Anen=O%. Lag=02min 

R m  by slor-lnd+Tran~ method. Tbns Span= 0.M24.W IUS. dl= 0.05 hm- 
Max Veb&y= 4.0 tpt. M a  Travel Tbnrp 0.1 mh, 
Avg. Velocity = 1.9 fps. Avg. Travel Time= 0.3 min 

Peak Depm= 0.64' 

72.0. olama(er pipe ~ ~ 0 . 0 1 3  -3o.u slope-o.owo~r 
capacilyat banL fu@= 535.70 ds 
A facio! of 2.00 has been appW lo me w p p M  &lorage and discharge data 

Reach 8BR Culvert at Sed Basin 2 entrance 

nyroonph- 

post dev West OSDF 
Prepared by GeoSyntec Comuilants 
HvdrocADB 6.00 ur31 ow929 0 19852001 App6ed uicmmmm %lens 

Type N 2441 Ra/nfall=2.55' 
Page 42 

1/1812004 

Reach 8CR: Channel into Sed Basin 2 

1651 Warning: Inlet &vation n d  spedfied 

Inflow = 13.02ds@ 12.48- Volume= 1.759af 
OutRow = 13.00&@ 12.49- Volumes 1.758af. Atten=% Lag=OSmin 

Rwtinp by Slor-lnd+Trans method. Time Span= 0.00-24.00 hm. dl= 0.05 hm 

Avg. Velodty = 2.1 fps. Avg. Trawl Time= 05 m h  

Peak Depth;; 0.84' 
capadty ai bank- 728.12 ds 
1.17' x 5.00' deepchannel. 1~0.030 -62.7' SbpcFO.0159'~ 
Side slope z-vatue= 2.4 2.3 7 

Max. V- 4.1 Cps. M h  Travel Tbnrp 0.3 nwl 

Reach 8CR Channel into Sed Basin 2 
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by SIC+M+TlanS memoQ h Sparr. 0.0024.00 hrs. dl= 0.05 hn 69 v&d+aofpa Min.TnnrelTime=l.lmin 
Avg Velodly = 1.3 fps, AQ. Travel Time= 25 mln 

Peak oepnh 0.w 
CapadIyal bank h& 267.m ds 
0.W x 3.00 despc+annd. ru0.m Lergm= 197.u 93pe3O.wXl'f 
WE slope 90 'r 

Reach 9AR. Extendedhalngechannel soulhot Cell8 

Hldmgnph- 

. . . . . .  . . . . . . . . .  . . . . . . . . . . .  * . I , # , , , .  
._I ._,._.__ L -1 . .  A _ _ .  __,_. 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 a I ,  I . ,  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  , I  I , ,  . I  I , ,  

. . - .4  ..I._ L.> __.__._ A ....... . . . . . . . . . .  . , . 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 I I I I I I I I  

. L._.__ , - - a .  .L. 1.- I _ _ &  -,.-, _ _ L  ~ 

..... . . . L _ _ _ _ A - - .  __.._> ..... 

0 1 2 S 4 5 6 7 0 0 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 1 1 ( D 2 O ~ ~ ~ ~  
T h o  Baun) 

DOSI dev West OSDF Tvpa 1124-hr RaiifalI=25S 
Page 43 

111fdzw4 
Prepared by GeoSyrtec Consultants 
HVdmCAa86.W S m m ? a  0 19862001 Awsed Mcmoommdfusvgem?l 

Reach 9R: Channel WS of 30' CUM 

165) Warning: Inlet elevaUon not @led 

lnhv = 229ds 0 12.09hrs. Vdumas 0.149af 
OuiRow = 2.28ds0 12.lOhrs. Volume3 0.149af. Atten=O%. Lap0.3nin 

Rcdng by StOr-lndtTrans method. T h e  Sparr. 0.0024.00 hrs. dk 0.E hrs 
Max VeJodly-3.Ofps. Min. Tmel llm= 02 Rdn 
Avg.Vel~dly=1.3fPs. Avg.TravdTme=O.3mtn 

Peak Depab 0.w 
capacnyfll bankhdb 1,695.60 d s  

side slope z- 3.0 *r 
0.W x 8.W deep *el. n= 0.030 Lenglh= 27.3' S l q ~ =  0.0249 7 

Reach 9R: Channel WS of 30' Culvert 

........ .............. _,___ ........................ 
, , , I I . . I  . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  

1 1 1 1 1 1 a . I ' .  
, 1 , 1 1 1 1 6 1 . ,  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  1 1 4 I I I . I I I I  

, , , # I I I . I .  I , , . , I , ,  * I ,  
, I , ' . , .  I . .  . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . .  
, . , 1 1 1 1 1 . , *  
, , , I  I ,  I , , I ,  . . . . . . . . . . .  
I ,  I * I . ,  , ' , ,  

, , , I . , . . , .  
, , , , , I ,  I I I 

. , I I I I I . , I  
, , , , I . ,  , I ,  . . . . . . . . . .  . . . . . . . . . .  , , . . , , I , , *  

o i 2 3 4 s e 7 8 e io ii 12 13 14 15 i o  17 18 io 20 21 .m P 24 - OM.) 

Reach 96Fk (new node) 
&Rot . . . . . . . . . . .  , , , . . , . , . . . , ; I  

Tvpe N 24411 Rainfak.255' 
h g e  44 

1/16/2004 

post dev Wesi OSDF 
Prepared by GeoSyntec Consultank 
HvmOCADS 6.00 dn wo928 0 19862001 -lied Mtmmn~uffu Svprsrna 

Reach 1OAR: (new node) 

[65J Warning: Inlet elevation not yKdled 

Innow = l . C s c f S 0  12.12hrs. volume= 0.082af 
Oumow = 1.04dsO 12.13hrs. Vdurne= 0.082rd. AUen=2%. Lag.O.Bmln 

Rou(ing by Slor-lnd+Tm method. Time Span= O.OQ24.00 hrs. d k  0.05 hrs 
Mar Veladlp 2 4  fps. MIL Travd Tim 0.5 min 
Avg. V d d y  D 0.9 rpS. Av@ Travel Time= 1.3 min 

capaay a1 bank Mt 243.75 ds 
Peak Depth. 0.09 

5.w x 1.75 deep-el. ru0.030 -71.4- Sbpeo.06y)'r 
side slope z-valua= 3.0 'r 

Reach 1OAR: (new node) 
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Reach 10R: access mad dhrersion channel 

165) wanans: Irldelemuml rm spedfwd 

Inflow = 2.40cfsO 1 2 . l O b  vohrme= 0.179al 
arms* = 2.18dsO 1222hrs. VC&IIE 0.178al. Atl-sX. -7.4& 

Rordhrg by Sla4&TranS memob Tbne Spm= 0.0024.00 hrs, & 0.05 hrs 
Max. Vekdly= 12fps. &I Travd Time= 4.3 win 
A w  Velodty = 0.4 fps A w  T m d  Tmm= 12.6 min 

Peak llepul= 023 
capadyatbankhdt172.9OdS 
7.w x 2w deapchsnml -0.030 LenguI=32o.V Slcpe=O.oo50Y 
Sida Sope Z - b  3.0 'I 

Reach 10R: access road diversion channel 

Hymspaphm 

. . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  
* I , # , , . , ,  . . . . . . . . . . .  

. . a * .  I I , , , ,  . . . . . . . . .  .-.._..._ r _ _  __.__ ~ .-_..._ . . . . . . . . .  I . I I I I I I I . .  . . . . . . . . . . .  . . . . . . . . .  
. . . . . . . . . .  . I .  I I . , . , . .  . . . . . . . . . . .  
I ,  , , ? I , . , ,  . . . . . . . . . .  

6 I I , , , . .  , , .  . . . . . . . . . . .  . . . . . . . . . .  
I I I I . , , , . ,  * . I I . . 1 1 , . ,  . . . . . . . . . .  I .  I * . .  , . . , .  . . . . . . . . . . .  
. ; I , , , . . , .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  

..... ....-...._ ~ ..__. ~ 

I ,  I , . , . , , .  I I I I . I I I . I .  

- 
. - s' 

. . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  1 1 1 1 , 1 1 , . , .  
I . * , I . . , , ,  > m & , . , a , , s ,  
, , , . I , . . , .  . . . . . . . . . . .  
I ,  , , I , , , . ,  . . . . . . . . . . .  . . . . . . . . . .  

I I , , I , * , , .  
. . . . . . . . . .  . . . . . . . . . .  

post dev West OSDF 

H m A W D  6.03 Urn ooo829 0 1986-2001 ADDIM Mlcrommputer Svstunt 

Tvps I/ 2dhr Rainfa10255' 
Page 47 

1/16/2004 
Prepared by GeoSyntec Comultants 

Reach 11AR (new node) 

1651 Wamlng: Inlet elevation nd specified 

Inflow = 2 2 4 d s  0 12.23hn. Volume= 0.198af 
OutAOw = 221 cfs 0 1225 hrs. V d m  0.198 af. Allen= 1%. L a p  15 min 

Routing by stOr-l&Tram memod. Time 
Mar Velocily= 1 2  Ips. Min. Travel Time= 0.8 min 
A*. Vebxily P 0.4 Ips. Avg Travel Time= 2.3 d l  

Peak Deplt!= 0 2 3  
capadty at bankfrdt. 170.32 ds 
7.w x 2w despchannel. -0.m Lenglh=W.(Y s(Ops=O.oo50'f 
Side slope Z - v h  2.8 3.0.I 

0.0024.00 ha. &- 0.05 hrs 

Reach 1 IAR: (new node) 
Hlrmosraph- 

. . . . . . . . .  . . . . . . . . .  ........... ,. ............... . .- ...... _. ................ . . . . . . . . . .  . . . . . . . . . .  
# , , , . ( . 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 .  . . . . . . . . . .  .. '......'-.L .2..<....... .. 1 .  .I 

, . l , . I I I I I  . . . . . . . . .  . . : . , , a  I I I . . . . . . . . . .  . . . . . . . . . .  
I I I I ' I I I I I  

. , , . I I I I I  . . . . . . . . .  

post dev West OSDF 
Prepared by GeoSyntec Consuttanls 
HydrcGAWD 6.00 am ooo929 0 18862001 Applied Minocomputer Svstemt 

Tvpe I/ 2 4 h  Rainldk255' 
Page 48 

1/16/2004 

Reach 11R: culvert 

1521 Hint Inlet oonditiars mf evaluated 
[€SI Warnby): I n k t  d e v a h  mt spedfied 

Inflow = 218ds43 1222hrs. Volume= 0.178af 
OUlRorr = 2 1 6 d s O  1223hrs. VohB7?E 0.178af. Alten=l%. L a p O S m i n  

Rwting by Slor-lnd+Trans memod Time Span= 0.0024.00 hrs. dt= 0.05 hrs 

Avg. VekdIy E 12 fpS. A w  Travel 
Mar Veh5ly-2.8 fps. Mtn TravelTime= 0 3  min 

0.7 ndn 

Peak OepmE 0.w 
capadtyal bank Mt 264.Bocfs 
72.V Mametw Ppe n= 0.013 tEnglh= 488 Slope= 0 . W  7 

Reach 11R. culvert 

- 
E 
t 
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post dev West OSDF 
Prepared by GeoSyntec conudtants 

r p  II 244U maws- 
Page 49 

-6.00 fJnnMc929 O l B 8 6 Z Q J l ~ ~  rSvaems lM6Roo4 

Reach 12 -from Fsbeet Drainaga Channel 

15.4 Hi& lnlel coduons ml evabated [a Warrdng lrdel elevslian ml SpedRad 

= 3.70clsO 1216hrs.V- 0347af 
= 3.68dse 1219hrs. VdUm3= 0347af. -1% hQ=l.4rdn 

by S t o r - ( n d t T ~  mamod Thne S W k  0.0024.00 hrs. dl= 0.05 las 
Max. V&dly= 2.3 fp. MIL Travel Time= 0.8 ndn 
Avg. Vebdty = 1.0 rpS. Avg. T tnd  T L  1.8 ndn 

Peak De@b 0.m 

e 
capilcity al bank Mt 413.70 ds 
A hdord 200 has been appoed lo Uu3 srppsed slmga ad &charge data 
72.r Diameter pipe = 0.013 Lengltr. 104.8' Slqm= 0.0024 7 

Reach12 Culvert from FStreet Drainagechannel 
-pM 

f 
B 

. . . . . . . . .  . . . . . . . . . . .  
, , , * , * I . ,  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  I , , , , , ,  , . . a  
, I I I I I . , ,  I . I . 1 1 1 1 1 1 1  
I I I I I 0 . I .  . . . . . . . . . . .  
I I I , I I . I I  . . . . . . . . . . .  . . . . . . . . .  .-.........-- ~~ .,_-_ ~ __,__ 
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0 1 2  S 4 5 B 7 8 0 1 0 1 1 I 2 1 S 1 4 1 5 1 6 1 7 1 ~ 1 0 2 0 O e t ~ 2 4  
TirM mur-) 

i f 
B 

post dev West OSDF '- '- 53 1 6 TypeI/2&hrRabfaoa55' 
Prepared by GeoSyntec caau(tants P a p  50 
HWcCAWp6.00 &too0928 0 1 S 2 W I  A r x & d ~ e r s y . i l e m s  l/lsnooq 

Reach 1 3  (new node) 

[WHira: ~CulCGtiomnderabated 
IW wambg: Inlet deva!Jm mlotspedlied 

hRav = 1.12dso 1228hrs. vdLllr@= 0.120af 
(Mlbw = l . l l d s 0  1228hrs.volMls= 0 . 1 2 0 a f , ~ l % ' L a g . l 2 r d n  

FbUUflg by slor- lnd+T~ method. Time S+an= 0.0024.00 hrs. dl= 0.05 hrs 
Har V q -  3.0 rpS. hcm T m V d T L  0.7 ndn 
Avg. Vebdty = 1.4 rpS. Ab'g. Travel T m  1.4 ndn 

PBak oepm5 024' 
Capadtyalbankfuk386.61ds 
72.r Diameler Pipe Tt 0.013 Length= 120.0 slope= 0.0083 'f 

Reach 1 3  (new node) . .  

a 
post dev West OSDF Type /I 24hr Ra/nfaU=2. 55' 
Prepared by GeoSyntec Consultants Page 53 
HydmCAWP6.CO SmOOO929 819892001ADPCmdMluommputerSvdmIr 111812004 

Reach 14: Culvert from North Entrance Road channel 

1521 Hint Inlet conditiom mal evahsted 
I64 Warning: Inlet elwWon not spedfied 

out~ow P 0.97 ds @ 12.07 5 volume- 0.058 af. Atten= 4%. Lag= 1.2 min 

Rm~ling by Stor-lndiTm method. Tm Span= 0.0&24.00 hrs. dl= 0.05 hrs 
M a r  VeJocjlp 2.5 rps. M i  Tlsvel TimeE 0.7 min 
A*. Velocity P 1.3 Ips. Avo. Trsvel Time= 1.4 d n  

lnRow = l.W&@ 1205hrs. volume= 0.058af 

Peak Dep+ 0.1s 
Capacity al bank fu!l= 822.56 ds 
A tador of 2.00 has beem appoed lo the supplied m g e  and dixharge data 
72.r  Mame(er P i  rP 0.024 LengUF 112.0 Slopes 0.0321 7 

Reach 14: Culvert from North Entrance Road channel 
W r o p n p h w  

Type /I 24hr Ra/nfa//=2.55' post dev West OSDF 
Prepared by GeoSyntec conslmants 
HymoCAW6.W Sm KO929 0 1~ZLWi Wed Micracmmer SWmna 

Page 52 
lllsnooq 

Reach 15N Culvert adjacent to North Entrance Road 

1521 Hint Inlet conditions not BMhrated 
[651 Warning: Inlet elevatim not spedfied 

hROw = 0.15cfs B 12.05hrs. Vdume= O.M)9af 
outnow = 0.15cls0 12.ffihrs. Vohane= O.M)9af. Allen=%. Lag=O.8min 

ROUVQ by Stor4ndtTrans memod Tbna +.I?= 0.00.24.00 hrs. dl= 0.05 hrs 
Mar V&dly=  1.8 fp. Min TravelTime= 0.5 ndn 
A v ~  Velcdly = 1.3 Ips. Av@ Trave4 Time= 0.7 min 

Peak Depth= 0.09 
capadty at bank Mt 406.62 & 
nr Mameter pipe 0.010 Lengu~= 5.0' slopes 0.0055 *r 

Reach 1sN: C u M  adjacent to North Entrance Road 

. . . . . . . . .  . . . . . . . . . . .  __(__.__ ~ _.__.__ ~.~ __.__-_.__.__ . . . . . . . . . . .  _ ?  __.____~__,__r__l__  I _ _ - _  

f 
$ 

__,__-_.__,__ _-__.__ _.__ I _ _  

0 1 2 3 4 5 I 7 B D 10 11 I2 13 14 15 16 17 18 19 20 21 P 23 24 
l-m (hou") 
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post dev West OSDF 
Prepared by Geosyntec Consultants 
WdmCACQ 6.00 Sm Ooogzg 0 1888-2001 AmW Micmmmputa %tam 

Type /I 2441 RainfaU=2.55' 
Page 51 

1/1Lv2004 

Pond 1 P  Sedimentation Basin 2 
HYdmannh PlM 

Type /I 2chr RamfaE2.55' 
Pass 56 

lwmucm6.00 rmc€Q92901s0e2ml&Qrrdl9rmmmpbsSMsm lIlW2004 

post dev West OSDF - 5 3 1 6 -  
Prepared by GeoSyntec Consultants 

Pond 1 P  Sedimentation Basin 2 

lnaaW = 14.72&@ 1246hrs. Vc&une= 2426al 
m o w  = 0.00ds@ 0.00hIa vohmk- 0.0aoaI. Atten=1009(. LEQ=o.ondn 
Rimary = 0.00&@ 0 . W ~ V d U m e s  0.woaI 

Routbrg by shr-lnd method. Tbne Span= 0.00-24.00 Ius. dt= 0.05 IUY 

Peak EIEF 5?2.?T .%rage= 2.425 af 
PlugFlOv- stDlaoesndra(tadaresr t h l l ) = L Y m -  

oevalim SUrfArea k s D m  cum- \NaLArea 
( ? e & (  arres) ( a c r e 0  ( am-feel) (aaes) 

510.50 1.460 O.Oo0 0.- 1.460 
571.00 1.512 0.743 0.743 1.513 
51200 1.614 1.563 2 s  1.617 
573.00 1.713 1.663 3.869 1.719 
574.00 1.818 1 .me 5.735 1.827 
575.00 1.917 1.868 7.602 1.928 

1.671 9.574 2039 578.00 2028 
m.00 2.162 2.094 11.667 z in  - (FWDiScharge) TFiZLGm -kdG-&dRectargularWeb 

8 RcuWm hlvell ouu&Devices 
1 -2  575.W 4 8 . Q H o r l r ~ G n t s  UmttedtDVreirAar e0.m 
2 Rbnay 670.78' Sa' xb8o.(lbngCulwt Ke=O.mO 

3 Rimary 576.W 2 0 . C l o n g E r o a d - C r a a h n l ~ u l u W e i r  
W I I I M = ~ ~ ~ . W  s = o . o i i o ~  C=O.UZ~ cco.m 
~ e a d  (w 0.50 1.00 1 3  2.00 250 3.00 4.00 5.00 
coel. (Engosh) 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

(600442 
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GEOSYNTEC CONSULTANTS PAGE z% O F 3 q  
Written by: Victoria CheDlak CVSO Date 12/19/03 Reviewed by: Date: 

Client: Fluor Fernald. Inc Project: OSDF Phase V Revision Project No.: 603211 Task No.:* 

WEST OSDF POST-DEVELOPMENT DESIGN SCENARIO 
25-YEAR, 24-HOUR STORM EVENT 



Subcatchment LR grass area 
T.728.6 min CN=74 Arra.2287 ac Runcff= 428 cb 0.402 af 

Subcatchment I R  tunon norlh ot b o r n  area 
Tr2.8 min CN=79 Area=0.675 ac Runoi?= 3.30 cb 0.143 al 

post dev West OSDF 
Prepared by GeoSyntec Consultants 

Tvpe /I 24hr Rainfa//==. 70' 
Page 3 

WdvdmcADB6.W &too0329 0 1 9 8 8 2 W l l b p l i e d M ~ p u t e r S Y r t ~ ? ,  1/18Row 

Raach 8BR Culvert al Sed Bash 2 entnnce - 56.84 cb 5.861 af 
Le- 3O.U Max Vel= 6.2 Ips CapKirr 535.70 cb oUma= 56.81 ds 5.861 af 

Reach 8CR Channel Into Sed Basin 2 lnlbn= 56.82 cb 5.899 d 
Lmgth= 62T Max Ve@ 6.0 fpr capadtr 728.12 cts Oumar 56.81 cb 5.897 et 

i- 7.70 rn 0.451 d 
Len- 197.U MaxV& 4.1 fpa Cap- 287.67 ds Oumov; 7.54 ds 0.451 af 

I- 7.54 cb 0.451 al 
Lm#h= 88.U Max VeP 5.0 tPr Capasar 353.53 cb Oumar 7.45 ds 0.450 af 

Reach 9R. Channd WS o f  3Q Culvert - 7.7'6 ds 0.470 af 
L e -  27.3 Max V0C 4.1 @a Cap&lp 1.695.60 d. oumOrr= 7.72 cb 0.470 af 

Reach BAR Extended h i n g e  Chamel Swth ot C d  8 

Reach BBR: (new no&) 

Reach ioAR: (new node) I- 3.m ds 0274 af 
Lenglh= 71.4' MBL Vei= 3.8 Ips Capacar 243.75 ds oumOrr= 3.m ds 0173 af 

I- 3.m ds 0273 €4 
Length= 3 . U  Mar VeP 4.1 fpa Capasar 543.51 dr nmaF 3.09 cb 0.273 af 

lnllar 8.94 ds 0.601 al 
Lenglh= 32o.u Max vel= 2.0 fpr capacily- 172.80 d. - 8.64 cb 0.598 af 

-8.86cb 0.665af 

Reach 10BR (new node) 

Reach 1OR acwsa mad diversion channel 
. 

Reach 11AR: (new node) 
~engh. 60.u  ax vee 2.0 fpr capadtr 170.32 ;h o ~ m a  8.88 da 0.664 af 

Reach 11R culvert I- 8.64 cb 0.598 af 
-48.6 MaxVeP 4.3 fpa Ca@W 264.80 d. OUmaF 8.60 cb 0.598 a f  

lnaap15.42ds 1.134af 
LecgW1lX.B MaxVe!=3.5Ips Capkay413.70cb Outfmw=1528cb 1.133al 

I- 4.20 6 0.402 af 

Reach 1 2  Culvortha F Street Drainage Channd 

Reachl):(newnode) 

Reach 14: Culvert (mm North Entranse Road channel 

15N: Culwer( adjacent to No* Enbpnu, Road 

Lengtk=12o.u Maxvek4.5fpa Capadtr388.81dr oumOrr=428& 0.401d 

lnflor3.2ods 0.169af 
LengLh=112.U LdaxVeP3.5fpa Capaciiy=R?Z.S8ch ch rmor3 . l l d r  0.169af 

Wl0a;i 0.46 cb 0.027 af 
Larpth'55.u Marva24fpa Capaar40802d. -0.46cb 0.027al 

Reach 16N: Channel east ot North htranca Road I- 358 cb 0.170 a( 
LengW32U MaxVd=ZZ@a CapaCnr71.48dr - 3 2 0 ~ 4  0.169af 

Pe& Staags= 7.487af I- 63.87 da 7.401 af 

e 
Pond 1P: Sedimentation Basin 2 

PlimaIy=O.Wcb o.*af oumo\ro.00ds 0.oOoaf 

2571 349 
'- 6 Tvpe/I?d)URainfa!J==.70' 

pace 2 
1118Ro(y 

post dev West OSDF 
PreparedbyGeoSyntecConsultants 
HymocADQ6.00 ainmoo4)29 O l B ~ l A d k d ~ S y m a r m  

-N:gnuaW 

subcrmrmentopond 

SuboMmentPlRmarea 

SUMshmMtmgrBnm 

s u b u t c h m a n t ~ m ~ o f b o m w a r e a  

T~15.2mh -74 Funa=l.oUac Rrnolb282cb 0.184al 

151.0mhr cN.98 R M  16.67cb 0.638af 

Tc=7.0min -74 M . 6 6 6 a c  Rud€=240cb 0.118af 

Te8 .3  min -74 M 2 1 4  ac Rrnolb 0.74 ch 0.038 af 

TFtl.8min -79 Area=o.l27ac Rumi?==0.46& 0.maf 

I- 6.71 ds 0.482 a f  
Lenpm= 4aO.U Max V& 23 fps capasihl= 424.60 cb armW 6.46 ds 0.480 af 

Reach 1: w t  channel 

Reach2We3tchPnml h h  iaGsds i .u2af  
~agm-4m.u w v a 3 . 0 f p a  ~apa~nrm.wcb m u - l a i s a s  1.418af 

Rexh3:Wchuvlel  lnlaF 29.58 cb 2.371 af 
w- 4W.U Max Vat; 3.4 tpS capacaV= 424.60 ds Oumar 28.95 ds 2365 af 

Reash4:wustchannel -39.70cb 3.340al 
-80.0. MaxVei=31(pr capacaV=428.17ds ollmarnS9.58ds 3.ZSal 

In!lm= 39.58 rn 3.339 af Reaehsarlvat 
~ l o 0 . U  Maxve!=4.5tps ce$%sy=397.33cb oumor39.33ds 3.337al 

R e r c h B : ~ c h a n ~ b e l  - 39.39 cb 3.337 af 
Ler&=jso.U MaxVd=3.7rP. CnpedtF424.60da -3M6ds 3.330af 

1- 47.24 ds 4.268 af 
bn&h=Bl .S MaxVek5.1tp. capaCay--l68.63~$8 oumnC47.12ds 4.267al 

lnlaF 4727 ds 4.322 af 
LBgm= 1 W.0 Mar Vd= 2.5 Ips capacY= 200.78 cb Oumar 46.97 ds 4.319 al 

In- 4027 ds 4.481 af 

Reach TAR Haul Road Culvert 1 

Rexh7BR Channel betweenGIs 14 6 15 

Reach 7CR Rtnfa par*ing M Culvert 
~ a a a ~  298.8  axv vat; 7.7 (pa ~ap&lp m.41  cb mu- 47.m cb 4.477 a f  

Reach 7DR Runoff Dnlnage Channel south of Rita I- 40.38 cb 4.628 a f  

237.U Max VeC 3.1 fpo Capadty- 599.79 cia 47.93 ds 4.621 a f  

Reach EAR west channel I- 57.22 cb 5 . 8 ~ ~  af 
L a g u r a 0 . U  MaxVd=3.1Ips C e - 3 0 9 . 1 1 d s  oumoW=S0.84cb 5.061af 

DOSt dew West OSDF Type /I 2 0 r  Rainfalk4.70" 
by GeoSyntec Consullank Page 4 

HYdmCADQ800 ynmosz~ otoas . zco i~rrd~ icrccmput~~ys tans  1118Roo4 

Runoff Area = 39.900 ac Volume = 7.547 PI Average Depth = 227- 

000444 



Tc Lensth slope velodty capadty Desaipfian 

6.9 90 0.OsM) 02 shest Rev. 

3.6 60 O.lOa, 0.3 sheet Ror*. 

6.4 150 0.1700 0.4 - Ron, 

0.5 190 0.1700 6.6 ShaooutCavenbaadRa, 

0.7 180 0.0075 42 75.84 TraprVeMtectChmmelRow, 

(mtn) (feet) wl) ~wsac) (CIS) 

Glasxsol rl=o.150 p22.W 

GIassol n=o.150 p22w 

GlasxW mO.150 p22W 

unpaved Kv.16.1fps 

B O L W = O . ~  ttaw &zoaci.o-r n=o.cen 
16.3 670 Tolal 

Subcatchment A: vegetated final cover 

I 
t 

mst dev West OSDF Type /I 24-hr Rahfak4.7W 
Prepared by GeoSyntec Consultants Page 7 
ttWoCAC~@6.00 dnoOo929 01986-2W1 App66dMuoumputer~s 1/16/2004 

Subcatchment B vegetated final cover 

post dev West OSDF 
Prepared by GeoSyntec Consultants 
HydroCADS6.00 shoo0929 0 1986-2001 A~@MMicmcmputerSyslems 

Tvpe N 24-hr RainfaIk4.7W 
Page 6 

l / I W Z ~  

Subcatchment C vegetated final cover 

Rundf = 12.99cfs 0 12.12 hrs. Volume- 0.952a1 

Runoff by SCS TR-20 method. UH=SCS, Time s p e  0.00-24.00 hrs. dk 0.05 hn 
Type II 26hr RainfalM.70' 

Area[ac) CN D e s a i p h  
5.399 74 

6.9 90 0.05oO 0.2 - Flow. 
Grass: Shat n= 0.150 P2= 2.60' 
sheel -, 3.8 60 0.1ooO 0.3 
Grass: shat n=0.150 F%260' 

6.4 150 0.1700 0.4 shes( Aorr, 
GIas shar n=o.150 Pk260' 

0.5 200 0.1700 6.6 shallowconcen(ratedFlow, 
Urmavd Kv= 16.1 las 

0.6 190 0.0075 4.2 75.84 T & V ~ o U a k S r ,  

0.1 60 0.0100 (5.0 42351 C l r c u k ~ ~ p e ) ,  
~otw=o.w ttaw L 3.0 a 6.0 'r rl= 0.030 

~m~?.(r Area=283d Perim16.8 r=1.5(1 rl=O.013 
0.5 195 0.0075 6.6 424.60 TraprVe&RectclraraelFlov. 

~0tw.o.w ~ 4 . w  ZE 6.0 a 20 'r w 0.030 

19.0 945 Total 



post dev West OSDF Tvpe /124-hr Ralnfak4.70' 
Prepared by GeoSynIec Consultants Page 11 
W r c C ~ 6 . 0 0  dnwo929 019862001 ApplledMbaomwterSKtms 111mw4 

Subcatchment D: vegetated final cowr 
Hydmgraph Plot . . ,  . . . . . . .  . . , . . .  

0.5 

OB 

0.1 

0.5 

19.0 

205 0.1700 

190 0.0075 

60 0.0100 

195 0.0075 

950 Total 

~~ .... . .-.. 
GIBfs:& mo.150 ph2w --. 
m s h c i l  n=0.150 -260. - Ro*, 
Grasxshpl mO.150 p h 2 . W  
S h a m m ~ R O r .  

75.84 Tlqmv.aemectchannelRa.. 
~o~wa.0.m wo(1 z 3.0 a 6.0 'r = 0.030 

3.8 60 0.1000 0.3 

6.4 150 0.1700 0.4 

urpsved Kk1611pS 

423.51 cbadarQtanrrl(pae), 

424.60 TM.aemectchaMelAOU. 
DIam72.V h 2 8 . 3 S t  W h 1 8 . 8  r-133 -0.013 

BoLW=O.W lh4.W Z= 6.0 6 2 0 7  n= 0.030 

6.6 

4 2  

15.0 

6.6 

post dev West OSDF 
Prepared by GeoSyntec Consultants 
H v d d m 6 . 0 0  dn ooo929 0 1986m1 Apow Mksomnmer %ems 

Type /I 24hr Rainfak4.70' 
Page 12 

111612004 

Subcatchment ER. vegetated final cover 

Runoff = 12.88clsO 12.12hrs. Volume= 0.938af 

Runoff by SCS TR-20 memod. UH=SCS. ltma Span= 0.W24.00 Ius. dt 0.05 Ius 
Type I1 2dhr Rainfalt.i.7V 

Area(ac) CN Desdption 
5.320 74 

7.4 110 0.0625 0 2  shea now, 
Grass:shcil n=o.150 -260. 
shea Ra.. 2 9  450.1110 0.3 
Grass.shpl rr.o.150 P2=2w 

6.4 150 0.1700 0.4 shea flow, 
Grass:Short n=0.150 -2.W 

0.5 200 0.1700 6.6 shaoo*-Florr, 
unpaved Kv= 18.1 Ipo 

1.4 510 0.0075 6.1 337.31 TralJveyRectchaMel Flaw, 
~0~wa.w m.50 z 3.0 8 6.0 -r w 0 . m  

0 2  85 0.0029 8.1 228.07 ClradaramndWp), 
Dhm 7 2 4  Area= 28.3 sl Pertrrp 18.8 r= 1 .W n= 0.013 

18.8 1.100 Total 

0 1 2 3 4 5 6 7 8 B 10 11 12 13 14 15 16 17 18 18 20 21 W, a 24 

08044 Tbn oloun) 



Subcatchment F1R mgetatd final cover 

f 
B 

post dev West OSDF 
Prepared by Geosyntec Comultants 
~ v d m c ~ l # ~  8.00 sm oomm a i986-2ooi -lid M-W~W SV~I-S 

Jvpe 11 2 4 h r  Wnf.a/M. 70' 
Page 15 

1 1 1 ~  

Subcatchment FR: vegetated final cover/conStrudion bydown 

Runoff = 5.?3&0 12.06hf-s. Volume= 03Z'al 

Runoff by SCS TR20 method, UH=SCS. Tme Span= 0.00.24.00 hn, dt 0.05 hrs 
Type I1 24hr RalnfaQ.l.7V 

Arealac) CN Desniptjon 
1.853 74 

2.9 30 0.05oO 02 sheet Row. 

3.5 55 0.1WO 0.3 shea Ron, 

6.4 150 0.1670 0.4 sheet Flow. 

0.5 180 0.1700 6.6 ShaaoW-Fla, 

0.1 30 0.3300 9 2  ShallarbrrentratedFloU. 

GIassshxl mo.150 ph2w 
-short mo.150 m = 2 w  

0rass:short re.o.150 m2.w 

Unpaved KV=lS.lIps 

Unpaved Kv= 16.1 fps 
13.4 445 T0b.I 

Subcatchment FR: wqebted final cover/construdfon bydown . :I: 

Type I1 24hr Rainfa~4.70' post dev West OSDF 
Prepared by GeoSyntec Consultants Page 16 
MldmCAa8E.M slnMM929 0198&2001 A p p o e d M i c r a o m r ~ I e r ~ l e m s  1/16nooq 

Subcatchment GR: (new nods) 

Runoff = 1.3413~8 ll.99hrs. Volume= 0.067al 

Rumff by SCS TFI-20 method. ultscs. T i  Spart; 0.0024.00 hn. dl= 0.05 hrs 
Type II 24hr RaWW.7V 

Area(=) CN Desniption 
0.2s.2 74 
0.035 79 
0.069 79 
0.366 75 WeightedAveqm 

(mln) ( ) ( ) ( W S e 4  ( 6 1  
Tc SW$ V W  CapaCiV m r t p h  

6.5 150 0.1670 0.4 sheet Flow. 

0.7 270 0.1670 6.6 S h a n o w ~ F l O w .  

0.5 60 0.0167 2 1  S h a n o w ~ F l O w ,  

7.7 480 Total 

GrasShorl re.O.150 P2=2.55. 

Unpaved Kv=16.1fps 

Unpaved Kr-16.ltps 

Sukatfhment GR: (new node) 

wwwhm 
. . . . .  . . . . .  
* , / . I  

10 11 12 13 14 
lh9 0 

000447 



post dev West OSDF 
Prepared by GeoSyntec Consultants 
HWoCAWD6.00 Sm Om929 0 1986-2001 Aoded Miamanpner Syslerns 

Subcatchment J2R: ~ r a s s  area 

Tvpe /I 2dhr Rainfa/J=4.7ff 
Page 19 

111612004 

Runoff I 3.15ds 63 11.98hffi. Vofume 0.151 af 

Rundf by SCS TR-20 memod. UH=SCS, Tme Span. 0.0024.00 h. dl= 0.05 hffi 
Type II 24-hr Rainfalld.7W 

Areafad CN Descriptin, 
0.854 74 

Tc LergU~ slope Velocity capsatv Descriptbn 

6 2  72 0.0427 0 2  shea flow, 
fmln) (feet) (Wfl) (Wsec) (cis) 

Grass:short eo.150 &2W 

Subcatchment J2R: grass area 

. . . . . . .  . . . . . . . . . .  
I I I I I I . . , ,  . . . . . . . . . .  
I .  . I * .  . , , '  

_I__.-__*.  ..... I_ _'_ ... .,. . _._ -1 . . . . . . . . . .  
I ,  , , I  
I I .  I # , , , , ,  
. . I  . .  , . , , .  
I , . ,  I .  , ,  , . . 
1 1 1 1 1 1 1 1 1 1  * * . , , , a  . , I  . . . . . . . . . .  
. I  I , < * ' , . ,  .... L....-- .... ..-.L.A..>. ... 
I ,  I * , , , , , .  . . . . . . . . . .  . . . . . . . . . .  
S I ,  I .  , . I . ,  
I .  I I .  a , , . .  
, , , . 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 , I a , . .  , 

15 111 17 18 19 20 21 22 23 24 

. . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  
I , , , . , , , . .  . . . . . . . . . . .  
, , . . I  I ,  2 I I . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  
% * . I . I I I I .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  

, . a  I ' ,  t .  I , ,  
I I I I I I . I I I  . . . . . . . . . .  
, * , , , I , ,  I ,  , I I I . . I I I , .  . . . . . . . . . .  . . . . . . . . . . .  , *  I . 2  I , .  I ,  . . . . . . . . . . .  
. . I  I I * I ,  I ,  . . . . . . . . . . .  
I .  , I ,  I .  I . .  . . . . . . . . . . .  
, 1 1 , ( 1 1 1 1 1  . . . . . . . . . . .  
, , . . , * I ,  I ,  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  I . I . I I . I I I I  
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post dev West OSDF 
Prepared by GeoSynIec Consultants 
HY~TCAWD 6.00 Sm 000929 0 19862W1 Apelied Miaaxmputer Svsws 

Tvpe /I 24-I!J Ra/nfa/J=4. 70' 
Page 20 

1/16/20~ 

Subcatchment KR: mnon north of b o r n  area 

Runoff = 7.76cls 0 12.04 hrs. Vdume= 0.451 af 

Runoff by SCS TF4-20 method. UHSCS. Time Spam 0.0024.00 hrs. d k  0.05 hffi 
Type II 24-b R~hfak4.70' 

Areafac) CN Description 
1.469 74 
0.792 79 
0.109 79 
2.370 76 WeightedAverage 

(min) (leet) (W) (Wsec) (ds) 
Tc Length Slope Vebclry Capacity Description 

sheet Row. 4.3 70 0.1000 0.3 
Grass:ShciI n=O.150 p2=25s 

6.4 150 0.1700 0.4 --. 
Grass: shnt n= 0.150 p2=2w 

0.4 155 0.1700 -6.6 S h a n o w ~ i J a t e d A O w ,  

0.7 95 0.0180 2.2 Shanow cmcmh&l flow, 
Unpaved Kv= 16.1 fp 

Unpaved KV= 16.1 tpS 
11.8 470 Total 

Subcatchment KR: runon north of borrow area 

EEia 
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ultscs. Tm Span= 0.0024.W hrr. dt 0.05 h 

(ac) CN 

B 2 , -  

L 

0 1  

wwwh Plot . . . . . . . . . . . .  . . . . . . . . . . . .  

0 

. I . , ,  

20 21 P W 24 

post dev West OSDF 
Prepared by GeoSyntsc Consultants 
W A D @  6.00 Sm ooo929 8 19852001 Applied Miimmmouter Syrtemr 

Tvps 1124-hr Ralnfau=4.70' 
Page 23 

1/16/2004 

Subcatchment N: grass area 

R ~ f f  E 282c fs8  12.08h. Volume= 0.184al 

R m H  by SCS TR20 memod. UH=SCS. Time Span= 0.0024.00 h. & 0.05 ~ L S  
Type II 24-b Rainfan4.7r 

Area(ac) CN DBscrip UOn 
1.043 74 

Tc Lenglh Slope Velocity Capacity Desufplon 
M n )  (feet) (Wft) (Wsec) (ds)  
15.2 170 0.0250 0.2 shset flow. 

Grass:Shorl eO.150 -260' 

Subcatchment N grass area 
o( . . . . . . . . . .  

. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  
1 1 / . . 1 1 1 # , .  .,-. . 1 .... I . I I I I , ;--;- . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  
. . . . . . . . . . .  
I I /  . I ,  I . . , ,  
4 , .  I , ' . I  & I I  . . . . . . . . . . .  

I4 15 16 I7 18 19 20 21 P W 24 

I 

0 

. . . . . .  . . . .  . . . . . . . . . .  . . . . . . . . . .  

. I , , ,  I . , , ,  . . . . . . . . . .  
I t 1 I I  I , , . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
, I  I I .  I , , . .  
, , . I  I , , .  , .  . . . . . . . . . .  . . . . . . . . . .  
, I  / . I  # I , . .  . . . . . . . . . .  . L _ _ L _ _ L _  .,--A __.__.__-_ 1 ._,. . . ,  I I . . ,  I ,  
, I  I ' .  , I  I . .  
* I  - I .  I , , , ,  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
I I 1 1 1 1 1 I I .  . . . . . . . . . .  

_ i _ _ C . . L _ J  .. I.....-... __,__ .. 
I 1  I , *  I . I I /  . . . . . . . . . .  
* , , . , I l l , .  . . . . . . . . . .  
. , I  , I  . I  . , ,  
, I I I I I . , I ,  
d , * . . I , / . ,  
, I I I I I I I I .  
, I I I I I I . I I  

....-..-.... . .-- ..---. ~ 

I 15 18 17 18 19 20 Z I  P W 24 

Tvpe /I 244r  Rainfak4.70' poStdeVWestosW 
Page 24 

1/16/2004 
Prepared by GeoSyntec CwulIants 
HydroCAD@B.OO dn ooo929 0 19862001 &plied M i a n p u l e r  Systems 

Subcatchment 0 pond 

1491 Hint: Tcddt may requtre smaller dt 

Runoff = 16.61clsQ 11.9Oh. Vdume 0.838af 

Runoff by SCS TR-20 memad. U H C S .  lime Span= 0.0024.00 hrs, dk 0.05 hrs 
Type II 24-k Rainfalk.4.70. 

Area(ac) CN DestWan 
2252 98 

Tc Lm$h slope Vetodty CapacitV DdpuOn 

1 .o Direct Entry. 
(min) (feel) Iwft) (Wsec) (ds) 

Subcatchment 0 pond 
mograph P b l  

0 1 2 3 4 5 6 7 8 0 10 11 12 13 14 15 10 17 11 10 20 21 P 23 24 
Tinu 0 

000449 



Subcatchment PlR grass area 

. . . .  , 

post dev West OSDF Tvpe I1 24-h Rainfaik4.70. 

~ I w D 6 . W  S h l ~ O Z 9  0198.5ZWlAppGedMinoCanpvterSydms 1/16/2004 

Subcatchment O N  mnon nolth of borrow area 

Prepared by GeoSyntec Consultants page 

RunoH = 0.46cfs 8 12.04hrq Volume= 0.027af 

R m H  by SCS TFi-20 method. UHSSCS. Time Span= 0.W24.00 hrs, dt= 0.05 hrS 
Type II 244u Rainfak4.70' 

Area(ac1 U4 DescripuM 
0.127 79 

T c W  
(rnfn) (leet) ( ( ) ( ) 
11.6 100 0.0167 0.1 sheet Fkw, 

Grass: short re0.150 p2=2.55' 

Subcatchment QN: mnon north of bomw area 
M a a r a a h P l M  

. .  

postdevWestOSDF Typo I1 24-hr Ralnfan;4.70' 
Page 28 

HvmocAwD 6.00 KIn mo929 0 1988-2001 A p p M  Miuocanplt er %ma 1nsno04, 
Prepared by GeoSyntec Consultants 

Reach 1: west channel 

[65l Warning Inlet elevation not spedfied 

, 

InflW = 6.71 d S  8 12.11 hm. Volume= 0.482al 
OUtRav = 6.46 cfs 0 1220 hrs. Velum= 0.480 al. Atten. 4% L a 5  5.2 min 

Fh?ing by Stor-I&Tm memod. Time S+an= 0.00-24.00 hrs. dt= 0.05 his 
Max Velodty= 2.3 fps Travel T i  29 min 
Avg Vdcdty P l.Olps. Avg. Travel The= 6.7 lnin 

Peak oepmi 0.87 
Capadly at bank Mt 424.60 d s  
0.00 x 4.00 deep channel. re 0 . m  bqk 4oo.v slope 0.0075 -r 
s ~ e  slope z-vahre= 20 6.0 *r 

! 
i 

Reach 1: west channel 
: 
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Reach 2: west channel 

[6q Warning: Wet eleMticn mt @Sed 

& 1 18.66ds8 12.15hr3. Vahnne= 1.42281 
i a i s d s o  12.21 hrs. vabrme= 1.41881. -3%. -4.ondn 

Avg. Velocity= 1.3tpJ. Avg. TravelTirr@= 5.1 ndn 

capacity a1 bank hdk 424.60 ds 
PeakD@?=123 

0.w x 4.00 deepchannel n=O.a30 Length=400.u S l ~ O . ~ ' f  
side sfope z-value= 2.0 6.0 *r 

Reach 2: west channel 
-Dlra 

post dev West OSLF 
Prepared by GeoSyntec Consultants 
HvdmCACKC 6.00 sh ooo929 0 1066-2w1 Applied Mitmcanputer Svstems 

Type 11 2- RalnWM.70' 
Page 31 

1/16/2004 

Reach 4 west channel 

16.51 Waming: Inlet elevatlon no1 spedfled 

l n b  = 39.78cfse 1220hrs. Vdume= 3.340al 
OutAOw = 39.58cfs (P 12.21 hrs. V d m  3.339af. Atten= 1%. bg.0.7mln 

Mar Velaity= 1 7  tps. Min Travel Tbne= 0.4 min 
RnUthQ by StM-lnd+Trans IlWhOd, Tbne Span= 0.0024.00 hm. dk 0.05 hS 

~ v g .  velocity = 1.6 rps. ~ v g .  T ~ W I  r- 0.9 mbl 

Peak Depth= 1.34' 
capacity at bank fub 426.17 ds 
0.W x 4.W deep channel. n= 0.030 Length= 90.0' slope 0.0076 7 
side slope z-M~u~= 2.0 6.0 *r 

Reach 4: w e d  channel 

c 

post dev West OSDF 

H v m O w \ ~ 6 . 0 0  shoo0929 0 lSBs2M)l W e d  Miaocomouter Svstems 

Type I1 24-hr RahfalM. 70' 
pase 32 Prepared by GeoSptec Consultants 

Reach 5: culvert 

p] Hint Inlet conditions not evaluated 
[q Warnins Inlet elevation not @ad 

InRow = 39.58ds B 12.21 hrs. Vol- 3.339af 
Outflow = 39.39 cfs B 1222 hrs, Vciume= 3.337 at. Atl- 0%. Lag. 0.8 min 

Ramng by Star-Ind+Tram method. Tm Span= O.OCL24.00 hrs. dl= 0.05 hm 
Max. Velocity. 4.5 f p ,  Mim T W T t 0 . 4  ndn 
A v ~  Vebdty = 1.7 Ips. Avg. Travel Tkne= 7.0 rrdn 

Peak Depth= 1 2 8  
Capacilyal bank Mt 397.33 cfs 
A fad01 d2.00 has besnapplied to the supphd starage and discharge &la 
72.r Diameter plpe n= 0.024 Leneap 100.u slope= O m 7 5  -r 
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I I I I I , I I I I  
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0 1 2 S 4 5 6 7 6 B 1011 1 2 1 3 1 4 1 5 1 1 1 1 7 1 ~ 1 9 ~ 2 1 P n H  
-1 

pod dev West OSDF 

HvdrDCAWD 8.00 dn ooo929 0 igSG-2001 W e d  Miiroxrnmer Svstems 

Tvpe I/ 24-hr RdnfaJk4.70' 
page 35 

111W203.l 
Prepared by GeoSyntec Consultants 

Reach 7BR Channel between GIs 14 8 15 

[6q Wamlns: Inlet & v a b  not SpeCiRed , 

Inflow E 47ZIdsO 1225IUX. Volume= 4.322af 
Outflow D 46.97 ds 8 1227 hrs. Volume3 4.319 af. Attam 1%. Lag= 1 2  min 

Rouling by Stor-WTrans method. Time Span= 0.0024.00 hn. dk 0.05 hrs 
Max. VelodtyP 2 5  fp. Min. Travel Time. 0.7 d n  
Avg. Velocity D 1.1 Ips. Avg. Travel Time. 1.5 min 

PeakDeplk2.1v 
CapKnV al bank* 200.78 cts 
0.w x 3.77. deep channel. m 0.030 Leneat; 1w.v slope= 0.OorJ 7 
side slope z-* 6.0 2.0 *r 

Reach 7BR: Channel between GIS 14 8 15 
w c w w h m  

1 1 1 1 1 1 1 1 1 1 1  
1 1 , 1 1 1 1 1 1 1 ,  
1 1 6 1 1 1 1 1 1 , ,  

. . . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . I , I I , I 6 I I I  
I I I I I I I I I I I  .... .....-. ........ _l--,-- . ....-............ . __,___.__ , . . , . I * . .  

. . . . . I ,  . .  . . . . . . . . . . .  . . . . . . . . .  
_ I _ _ J _ _ L  ..... >..... L. J..I-- , ..r........,.......,....... ,.. 

I I ,  I ,  

..L._L.>..L..L.,.. ' - -&-A.>..  
I I I , , I I I I I  
. . . . I . . .  . .  
L.-,.., __.__ L _ d _ _ .  __._ A_,__ 

, . , , , I , , .  I 
_>__  ,..L .. L.. _..-_ L - d . - I - - L -  

, , . , < , ' 1 I I  . . . . . . . . . .  

0 1 2 3 4 5 0 7 8 0 10 11 12 13 14 15 16 17 18 19 20 21 P P 24 
Tlnr ( h M 1  

pod dev West OSDF 

HvdmcAwD 8.03 dn m29 0 1986-Ux)l Aoolled Micmcommer Svstems 

Tvpe II 24hr Ralnfak4.70' 
Prepared by GeoSyntec Consultants Pase 36 

Reach 7cR: Rimia ParWng Lot Culvert 

I521 Hint Inlet mndmons not evaluated 
I 165) Warning Inlet ebvalbn not specified 

InROw = 48ZIdsQ 1227hrS.Vdume3 4.481af 
Ovmow I 47.95 ds 8 12.29 hn, Volume= 4.477 af. Allen= 1%. Lag; 1.2 min 

Routhrg by Stor - tn&T~~~  method. Time Span= 0.0024.00 hn. dk 0.05 hrs 
Mar V W I p  7.71pa Mh. Travsl Tune= 0.6 mln 
Avg. Vebcnyi 3.0 Ips. Avg. Trave4 The= 1.6 min 

Peak Depth= 1.64' 
cepadty at bank Mt298.41 ds 
72VDtameterK$e mO.013 Lenglb298.U slOpe=O.O049'f 

Reach 7CR Rimla Paticing Lot Culvert 

Hymographm . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

........................... . . . . . . . . . . .  I [*.A 

, I I I I , I I , I I  ............. , 8 8 a I , ,  a * ;-.;--;-.;--y !-- . . . . . . . . .  
I : : : : : : : : : : :  

..L._.. .. L . . L . I . . I . . . . . . . . . .  . , . . . .  . . . .  
. , , . . I , , , ,  .....I.-:........ '..... ...,..... 
. , . , , , , I , .  . . . .  , I . . . .  . ...,.......... 
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_. * 
Type I1 244r Rainfall==. 7 V  

Page 41 
post dev West OSDF 
Prepred by GeoSyntec Consultants 
HvdrocAMp6.00 sln1ooo828 0 1 9 8 8 2 0 0 1 A P p l i e d ~ ~  8 '  1118Roo4 

Reach 8BR Culvert at Sed Basin 2 entrance 

1521 Htnt Inlet conditions not evaluated 
I65l Mi: Inlet elevation nol specakd 

Inflow = 56.84ds@ 1232hrs.  Volume= 5.881 at 
OUtRav = 5B.81 ds@ 12.32 hrs. Volume= 5.881 m = W .  b P 0 . 1  mill 

Routing by Stor-Ind+Trana rneU10d. Time Span= 0.0024.00 hrs. dt= 0.05 hrs 
Max. V&ty= 6.2 fps. Mln Travel T w  0.1 mln 
Avg. Velodty = 2 4  rps. Avg. Tmd T!mw 0 1  min 

Peak oepm= 1.32 
Cam at bank full= 535.70 ds 
A fad01 d 2.00 h a s  been applied to the supplied SIOfage and discharge data 
7 2 Q  Diameter Pipe n= 0.013 LengU~= 30.0 slope;; O.Ow0 7 

Reach 8BR Culvert at Sed Basin 2 entrance 

post dev West OSDF Type II 244r Rainfab4.7V 
Ptepared by GeoSyntec Consultants Page 4 2  
HydmCAwDBW ~ ~ 2 9 0 1 8 8 8 - 2 0 0 1 & U r & M ~ ~  a 111812004 

Reach 8CR Channel Into Sed Basin 2 

164 Warning: Inlet elevation not spadfied 

Ournow = 56.81 &@ 1233 h Volume= 5.697 af. Atten= W Lap 0.3 mhl 

Routing by Stor-lnd+Trans method. Time Span= 0.M24.00 hrs, dt= 0.05 hrs 
MZ vebi~~= 6.0 fps, Min. T ~ W I  Time= 0.2 mtn 
Avg. Velocity = 2 6  I~Is, A q .  T d T l m = 0 . 4  m h  

Peak Depth= 1.76- 
Capacily at bank hC 728.12 ds ' 

1.17 x 5.OU dsepchaMel n=O.wO -627 Slope=O.O1597 
sme slope Z-IIIE= 2.4 23 *r 

InROw = Sa.ezds@ 1 2 . 3 2 h  volume= 5.899af 5 

Reach 8CR Channel Into Sed Basln 2 

000453 



psak Deplh= 0.m 
capadty at benk hdk267.67 ds 
0.00' x 3W deep dWmd. n= 0.030 LengLt~ t97.U S C p =  0.0250 7 
Sida Slope Z-*- 3.0'1 

Reach 9AR Extended Dralnge Channel South of Cell 8 

Tvpe 112441 Ra/nfai?=4.70' 
Page 43 

1/1r%mcq 

post dev Wed OSDF 
Prepared by GeoSyntec Consultants 
MdroCAwD 6.00 sm 000(09 0 1886-2001 A d a d  Mlaocompvler %terns 

Reach 9R: Channel WS of 30' Culvert 

1651 Warning: lnlel elevation not sp&ied 

lnAow = 7.76dS 0 1207hrs. V d w  0.470al 
Oumow = 7.72ds.e 12.07hrs, V d w  0.470af. Allem@%. Lag.O.2min 

Raning by stor-lnd+TranS mevad. Tbne Spm= OM)-24.00 hrs. & 0.05 hrS 
MarVebcny4.llpS MinTlUWJTims50.1~ 
AVS Velocity = 1.6 lpS AVS TmVd ' he=  0.3 mtn 

Peak Deph 0.w 
Capacity at bank hdk 1,695.60 cfs 
0.W x 8.W deep channel. m 0.m Length= 27.3' Si- 0.0249 '1 
Sde sropa Z-value= 3.0 7 

Reach 9R: Channel UIS of 30' Culvert 
hdxamdlplat 

Reach 9BR (new node) -- 
, I I . .  * * 3 I I I .  

.L. _L -,.. I. _ L _ , _ _ t  __i_>_ .* _.._ 
, j , , , l l l l . l  
. , . , , I  I I I I I 

........ /.....>..A _ _ L _ J _ _ A _  

. . . . . . . . . .  
, , , . S I , . , ,  . . . . . . . . . .  . . . . . . . . . . .  
. . . . . . . . . .  

, , . I . . , ,  I ,  

o I z s 4 s s 7 o o a 0 1 1 t 2 1 3 1 4 ~ 1 4 1 1 1 a i n ~ n ~ n ~  
Tbmi?l-=l 

post dev West OSDF 
Prepared by GeoSyntec COmultanG 
~ v d m c ~ w ~  6.00 sm ~ 0 9 2 9  o 1986-2001 AWIM M i w s  svstems 

~ v p e  11 2441 Rainfail=4.70' 
page 44 

111612ow 

Reach 1 O A R  (new node) 

1651 Warning. Inlet e t e v a h  not spedfied 

l n h  = 3.93ds 0 12.10hrs. Volume= 0.274al 
Oultbw = 3.80ds 0 121 1 hrs. Volume 0.273 a!. Anen= 1%. Lag. 0.5 mh 

Rautb-~g by Stor-lnd+Trans m e M  Tbne Spar= 0.0C-24.00 hrs. dk 0.05 hrs 
Mar VebCl+ 3.8 rps. Min Travel h 0.3 ndn 

Peak Depth= 0.18' 
capadtv at bank hdk 243.75 cfs 
5.W x 1.75' deepcharmel, n=O.Mo Lengh71.4' St- 0.0650'r 
side slope Z-vahre=3.0'1 

A% Vetocity= 1.1 rpS. AvgTravelTime= 1.1 rnin 

Reach 1 O A R  (new node) 

o 
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Peak Depnk 0.45 
cepacity at bank Mk 343.51 CIS 
724 &meter pipe TP 0.013 Lmglb 38.W Skp= 0.0066 'f 

Reach 1OBR (new node) 

m . . . . . .  

post dev West OSDF 
Prepared by GeoSyntec Consultants 
W A a B  6.00 dn ooo929 0 lQS62001 Ap~Ged Micmmmputer SKlema 

Type /I 24-hr Rainfak4.70' 
Page 47 

1/16/2004 

Reach 11AR (new node) 

1651 w d n g  wt elevaiion rot wried 

(nRow = 8.96dsO 1215hrs. Vdun-e 0.655aI ournow E 8.86cIse 12.17hrs. Vobrme= 0.664d. Atlen=l%, Lap0.8dn 

RcuLhg by Sta-lndtTrarrs memod. Time Spa= 0.0024.00 hrs. db 0.05 hm 
Max. Velodly= 2.0 fps. Mn. Travel Tme= 0.5 min 
Avg. Velodty P 0.6 Ips. Avg. Travel T m  1.7 mh, 

peak Deplh= 052 
Capadlyat tank fuD. 170.32 cfs 
7 .w x 2.50 deep M. n= 0.m Length= 60.0' S- O.Oo50 7 
s i  sbpe z - v a l ~  2.6 3.0 -r 

Reach 11AR (new node) 

a 

Reach 10R etcess mad diversion channel 

! 

Type / I  24-hr MnfaJ7=4.70' 
Page 48 

1/16/2004 

post dev West OSDF 
Prepared by GeoSynlec Consultants 
-AD8 6.00 dn ooO929 0 l9852w1 &~Ged Miraamputer Svslwns 

Reach I l R  culvert 

I521 Hint: Inlet conaiti~ns not evaluated 
[cq Waming inlet elevation no! spedfied 

OUman I 8.6Ocis8 12.16Ius. Volunw 0.598al. Anen=O%. Lap0.3min 

Routing by Stor-lnd+Trans method. Tme Spam 0.0024.00 Ius, db 0.05 hrs 
Max. Vekxi+ 4.3 Ips. Min Travel Tirrs= 02 mdn 
Am Velodly = 1.5 rpS. Avg. T r a V e I h  0.5 mln 

lnRow = 6.64dS8 12.16hrs. Volume= 0.598d 

Peak Depth= 0.74' 
Capacily at bank hdk 264.80 CfS 
n.crwameterw ~ ~ 0 . 0 1 3  Lenglk48.6 slops;O.M)39'f 
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post dev West OSDF T m  I/ 24hr RainfaP4.70' 
Prepared by GeoSyntec Consuitants Page 53 
H y d r o C A ~ B . 0 0  dnm0920 0 1 9 8 5 - 2 0 0 1 A D p l i e d M i ~ ~  1/18/2Ooq 

Reach 1 4  Culvert from North Entrance Road channel 

1521 Hint In!& condiUons.not evaluated 
[ss] Wamlw: Inlet ewabon not specnled 

lnRm = 3.20&@ 12.01 hn. Volume= 0.169af 
Ouwow = 3.11 crS@ 12.03hn. Volume= 0.169af. Atter!=3%. Lag= 1.0min 

Max V&dly= 3.5 tps. M i  Travel Time- 0.5 mh 

Peak Depm- 0.27 
Capadly al banL fuO= 822.56 ds 
A fadorof2.W has been applied (0 lhe suppoed sbmge and discharge data 
72.0- ~ h e t e r  pipe IF 0.024 -= 1iz.w s o p  o . o m  -r 

wrg by ~ t ~ r - l n d + ~ r a n ~  method, rm span= 0.0(~24.00 hrs. dt= 0.05 hrs 

AW. Velocay 1.4 fps, A*. TravelTarp 1.3 mfn 

Reach 14 Culvert from North Entrance Road channel 

wmph- 

Peak D@I= 0.44' 
Gpacityalbankhdk386.61cfs 
720'Diametar pipe mO.013 Lerglh= 1M.V Slope= 0.0083Y 

Reach 1% (new node) 

. . .  

Type /I 24-hr Rainfdd. 70' 

. .  - . .  

post dev West OSDF 
Prepared by GeoSyntec Consultants Page 52 
~ A D ? J S . O O  dnO00829 01986-2001A~GedMipulerSMems 1116Rw 

Reach 15N Culvert adjacent to North Entrance Road 

1521 Hint Inlet condniarr 11001 evaluated [a Wamhg: Inkt elevation not 6peciOed 

l n ~ o w  = 0 . 4 6 ~ 1 ~  (D 12.04 Ius, Volume= 0.O27aI 
m o w  = 0.46 ds (P 12.05 hrs. v o l m  0.027 af. Anem 1%. Lag= 0.6 min 

Routing by Sl~r-lndtTrans method. Time Spa?= 0.0024.W hrs. db 0.05 hrs 
Mar V m - 2 . 4  Cpa Min Travel Ttms.0.4 M 
AVQ. Velodly = I .3 rpS. Avg. T W d  T i  0.7 m411. 

Peak Depth= 0.1s 
capacity at bank Mt= 406.62 ds 
720' Diameter Pipe n= 0.010 Len@= 55.0 Slope= 0.0055 7 

Reach IN: Culvert adjacent to North Entrance Road 

1. - 1  -L .  _ a _  - I. .*. . L - .*. . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  
_I ....... .... ...-_.....-- . . . . . . . . . .  

- E 
6 

~- ppunl 

000456 



Pond I P  Sedimentation Basin 2 

lrdlar = 83.87chQ 1231hn. V e  7.491al 
outeow = O.WC&@ 0.00 hn. volume-- o.maf, A(telF1009C Las=o.onh 
Rfmary = 0.00&@ 0.Whrs. v e  0.md 

Rarthg by Stw-Ind memod. T h e  Sparr 0.M24.00 las. d@ 0.05 b 

SUrLAraa In&* tun- - 
571.00 
57200 
573.00 
574.00 
575.00 
576.00 
517.00 

(acres) Iwe-feet) 
1.460 0.OOO 
1.512 0.743 
1.614 1.563 
1.713 1.663 
1.619 1.7% 
1.917 1.868 
2026 1.971 
2182 2.094 

(acrdeet) 
0.oW 
0.743 
2.306 
3.969 
5.735 
7.602 
9.574 

11.667 

AEEl 
1.460 
1.513 
1.617 
1.719 
1 .e27 
1.926 
2.039 
2.177 

Rimary 576,0(1 m c r ~ - ~ ~ R K t m e u ~ u *  

Head(feat) 0.50 1.00 1.50 200 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 

. .. . . . . 

post dev West OSDF Type I1 26hr Ralnfalk=4.70' 
Prepared by Geosyntec Consultants Page 57 
HydmcADSB.00 dnoo0829 0 1 5 8 8 2 0 0 1 ~ Y i c m m m W n e r ~  1/18RW4 

Pond 1 P  Sedirnentatlon Basin 2 

i 
6 

000457 
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0 n case a 
. . .,aredbvGeoSvntecGmsullanls 

.?- 5 3 1 

I 



. - - -....a r. 

design case a Type U 26hr Ra+daO=4.7W 
Prepared by G 3 S p t e C  comrdlants Page 8 
H@roC~h.OO dnnooo929 01965-203l A p r & d M i i p r d a r S l r l e m S  ‘l29ROm . . _ _  - .: 

Subcachment F: construction laydown 

RumIf = O.eS&@ 1222M.  Volume= 0.078af 

Runoaby scs TR-x) m. un=scs. T- span= 0 . ~ 2 4 . 0 0  m. a= 0.05 IUS 
Type 11244Uwa=l.m 

0.336 ea 
Area(ac) CN DesuWmn 

TC Leqm sbpe v- capacity DesCrlp(i0n 

0.1 20 0.3750 2.9 YYttFLnr. 

5.0 60 O M a )  0.2 shea Flaw. 

4.3 54 o m  0.2 S M F l c n l .  

(lain) (fee4) ( ma) (hkg) (ds) 

Smoomdaces  n=o.oii n=zw 
Grzs%sml rFo.150 m-2w 
m s h o n  rFo.150 n=2w 
msha rFo.150 P2= 2.w 

Unpaved K G  16.1b 

17.7 165 0.0161 02 ShMFLnr. 

1 2  I50 0.0161 20 sMfb*conccnlnledFlor. 

28.3 *50 iota 

Subcatchmen( F: uw\struc(ion bvdown 

O S  
O S  

0.- 
04 

a r5 
or 
o n  

0.6 = 0.3s 
: 0.5 ; 03s 
.L a4 

0.n 

o.n 
0 1  

02 
0.ll 

0.4 
ow 

a 



.a 330 0.0150 6.0 119.69 T ~ e u r c e a C h l M C ( n 0 1 .  

9.8 415 T o l a .  
BOlW4.W W2.W 21 4.0 L 6.0 7 n= 0.030 

. .  _::a . .  I ! .  . 

7ypelf24.iuRaida#=4.7~ ' . 
Page 12 

designcase a 
Prepared by GeoSynlec Gmsulfmk 
~ * r o C m 6  00 dnOOC820 0 1986-2031 4 L p p b s d  LniMaMpMnsvst.ms lf29ROoZ .... . 

ReachZIchannel . 

000462 





. . .  . . .. . .  . .. 
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Subcatchment A: Cell 3 Non Veg Final Cover 

I491 Hint Tcc2d) may mqukesmabr dt 

~ u m n  = ~36dse 11.mhrq vohrme= 1.490af 

RunoH by SCSTR-20 me(h0d. lni=SCS.Time Sparp 0.W24.W Ius, dL- O a S h r S  
Type u 24hr RaInfaw.70- 

Area(acj CN Desaip tion 
5.131 89 . , 

(n.dIl) “3 If % “ Z ~ ” ” p ” ”  
0.B 90 0.05oO 1.7 shea *. 
0.5 60 0.1oM) 2.1 Sh€& Flom. 

0.8 1% 0.1700 3.1 s w  Row. 

s m o o m m  rDo.011 P2=2.55- 

smoomsurfacss rD0.011 P2=255 

s m o o m m  n=o.o11 P23255- 
0.4 170 0.1700 6.6 Shaoorrconcentratcdcloor, 

Unpaved K m  16.1 fns 
26 470 Tdal 

Subcatchment A: Cen 3 Non V e g  Final Cover 
w-- 

E E 3  
.. . . . . . . . . . . . . . .  .; ... 

. I . .  : . -. . , . _I ............ 

: , I  _ , .  I . .  . . . . . . .  

o I 2 a I 5 e 7 8 9 w 1 1 u u u 1 s u i 1 1 1 ~ 1 o w ~ r r z , 2 ~  -- 

DeslgnCaseB Tvpe /I 2- Rahfdk4.70’ 

HvdrocAwD8M) rhlmo929 0 1 9 8 6 2 M ) 1 ~ M i c m c O m p r l e r ~  1Z44Rom 
Reparedby~ecconwl tanG Page 4 

Subcatchment B Cell 4 Non Veg Final Cover . .  
1491 mt: 1- m y  require &rdt  

Fhmofl = 3 2 1 1 d s 8  1 l S h  Vohte= 1.479d 

Arealad CN cksuwm 

lmh,) T c Z  %yaw.-.(.. 5.m 89 

shecl-. 0.9 SO 01)500 1.7 
SmmmantaDBs n=O.Oll -2-55. 

0 5  60 0.1OOO 2.1 sheet Fbw, 
smoomanlass Il=O.Oll p2p2.55- 

0.8 150 0.1700 3.1 sheetnow. 
Smmmsur$css n=O.Oll p2p2.55. 

0.4 170 0.1700 6.6 S h a m w C a n ~ F l o r .  
unpaved KV=.16.1fns 

2 6  470 Total 

Subcatchment 8: Cell 4 Non Veg Final Cover 
mvdmma&Pu . . . . . . . . .  . . . . . . . . . .  

. . . . . . . . .  

000468 
. .  



Subcatchment C Cell 5 Su- 
Subcatchment D Cell 6 Subgrade 

Subcatchment E: Cell 7 Subgrade 

’ Subcatchment F1: Construction Support South of Haul Road 
. .  

[@I ~ r m :  T C Q ~  may requ.ire d e r  dl 

fimmfl = 1.17dsO 11.96hrs, Vobrme= 0.056at 

Rundt by SCS T R M  methcd. UH=SCS. Tm Span= 0.0C-24.00 hrs. dl= 0.05 hrs 
Type U 26hr RaintaM.W 

k i -  Arealtx) CN DesatJ 
0241 82 

Subcatchment F1: Construction Support South of Haul Road 

000469 



Area(ad CN Desclteti m 
0.510 82 

d 
t 

Subcatchment F2: Construclion Support South of Haul Road 

. -?=?-O!. . .  . . . . . . .  . .  . . . . . . . . . .  . . .  . . .  . . . . , . . . . .  : r  
: . : I  

. . . . , . . . .  I ,  . . , . . . .  I I .  . . . . . .  i , , . . .  I , . .  

. , . .  . . . . . . . .  , . , . . .  . ,  . . . .  
. . . . . . . .  . . . . . . .  
. .  ' : !  ; ; : : : : ; :  . . .  

. . . . . . .  

. .  . I . :  . . . . .  ' I .  . .  
, . I ! , . .  . . . . . . . .  

. , # .  . . I  . . . .  

. . . . I . . . .  . .  . . . . ,  , . . . # I  . . . .  . . . I  . . . . .  I I  , , * , . . .  I . . ,  .__.__ C.._. ......-. l.----..-. 
I . . .  . . . .  . . . . . . .  

: . . . , . . .  . . :  
, . . . . . c a  . . . . . . . . .  . . . . . . . . . . .  

. . . I . .  . .  : . . . : .  
_I ............ -. .. - ..... . _ . . . ,  I , . . .  . . .  : , . . . I .  . . .  . . . . . . . . . .  

. . . . . I  I , .  

. . . .  

Subcatchment H: Cell 7 Subgrade/ConstrucUon Support 

Runoff = 2.13dse 12Wh1~. Volume= 0.128al 

Rundf by SCS TR-20 memod. UH=SCS. Time Span= 0.0&24.00 Ius. dt= 0.05 hrs 
Type U 24iu RainfaQ4.m 

~rea(ac)  crj cwuw ion 
0250 82 
0250 a7 
0- 85 WeigJdedAverage 

Tc Lenem slops Vebcily capacitv 
(mtn) (feet) (Ml) I*) ws) 
124 93 0.0127 0.1 sheet Row, 

Grassshod mo.150 p225s 

Subcatchment H: Cell 7 SubgradelConstnrction Support 

DesignCaseB Tvpa N 24-hr Rai&//=4.7~T 
Pase 12 

lU'iJ2W3 
Prepared by GeoSynlec ComuUants 

er svs(ems HwhCADS0.00 dnWG329 0 1 9 8 6 - 2 W l A W k d V  

Subcatchment I: Construction Support South of Runoff Diversion Channel 

Fhmou = 3.47dsO 1225hrr. Volume= 0.337al 

R m t l  by SCS TR20 memod, UtkSGS. Trme Span= 0 0024.00 hrs, dl= 0.05 hrs 
Type U 2441 Rainfalt4.7W 

Area(RC) cw DescrwiDn 
1.450 E2 

Tc LengLh srope Vebzdy Capacity CesaWon 
[mfn) (tee0 mnt) ( Wsec) (a) 
289 150 o m  0.1 Shaet now, 

Grassshod mo.150 p2255-  
19 116 0.0340 1.0 YlaIlow Unpaved concenbalsd Kv= 16.1 Ius Flow. 

30.8 266 Total 

Subcatchment I: Construction Support South of Runoff Diversion Channel 

. . . .  

, ....... , . . .  . . . . . . . . . . . .  
: , . . : . :  
: * . I : .  . 

000470 



1.6 159 0.0120 1.8 
urpaved Kvs16.1ke 

19.6 336 TcW 

Subcatchment J: Construction Support South of fhmd Diversion Channel 

Subcatchment L: Cell 2 Vegetated Flnal Cover 
. .  

Rumf! = 63’ctSO 12ffitus. Vohtme= 0.406d 

R ~ O H  by sCS TR-20 method, uH=SCS. lime spa- o.ow4.m tn. dk 0.05 hro 
Type U 24hr RaInfW.7Q 

Area(ac) CN iJEscrb ticn 
1.683 83 

T c T  s k p ” V ~ ~ D e s c r t p G a n  
(mbl) t )  r n ) t  ) 0 
14.4 1 140 0- 02 sheat Flow, 

Glassshort rr;o.150 P2=256’ 

Subcatchment L: Cell 2 Vegetated Final Cover 

Type 112Q-hrRainfan-4.W . DesignCaseB 
. .  .-le 

g t E & T . m T & % ~ l w M ~ r S y s l e m s  1214ma 

Subcatchment Y: Cell 1 Vegetated Final Cover 

(491 H h t  TcQdl may require sMPer dl 

F(Un0ft = 631cfsB 11.94hrs, Volune= 0285al 

RumH by SCS TR-20 memod. UHSCS. T i  Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type I1 24h  Rainlalu.7W 

Areatsc) cE( Dernb tion 
1.17a 83 

3.9 500 TcW 

Subcatchment M: Cell 1 Vegetated Final Cover 
nVQqFph- .. . _ _ . _ . . _ .  . . . . . . .  _ _  ..__.._.. . . . . . . .  

000471 



. . .  lwwwh- 
* .  . . . . . . . . . . . . .  . .  ._.._._ . ......,.... .. :. - . :  . .  ... . . .  .- .. . . . .  . . . . . .  . . . . . . .  

. . . . .  
. . . ,  . . .  . . . . .  ................ * . .  . . . .  

DesignCaseB Type I1 24-hf Rainfaa=4.W 

Repared by GeoSyntec consultants Page 19 
WAWD 8.00 mo920 o im-xoi t.4- er%lems 12/4/2003 

Reach 3 Runoff Diversion Channel Cell 5 

1651 Warning: Inlet elevalkn not spedfied 

outflorr = 61.84 ds B 1206 tns, volume= 4.435 al. Atten= 4%. tag= 3.4 min 
wlnu I 64.14615B 12Whrs. Volume= 4.443al 

Rouling by Sta-lnfhTtans m e W  The Span= 0.00241)o ius. dl= 0.05 hfs 
MSrVebdlp3.6Ips. MbrTraVelWlBmbr 
Avg. V & & y  = 1.4 Ips. Aw. Travel Tune= 5.1 mln 

PSal;DepUFZZ 
c a p a d l y a l b a n k ~ l . l ~ . 5 3 ~  
0.w x 6.50’ daep channei, n= 0.030 Le& 4200 sbpe= o . m  7 
Sde slope Z-vaJue= 3.0 4.0 r 

Reach 3 Runoff Diversion Channel Cell 5 

. . . . , . .  .... ....... -. ..... - . . .  . . . . . . .  . . . . . . .  . . . . . . .  

0 1 2  3 4 5 6 7 8 9 1 D ~ 1 1 2 1 J U ~ ~ 6 I 7 1 8 1 9 ~ 2 1 ~ ~ H  
nm9 ou!-) 

DesignCaseB T j p  11 24hf  l?ainfall==.?V 
Prepared by GeoSynlec comultanrs . . Page 20 
HvdrocADB 6.00 Sm ooo929 0 1988-2(301 Awkd Miawanpltn %ems lZ4fZW3 

Reach 4: Runofi Diversion Channel Cell 6 

16.54 Warning: We1 elevathn nd spedfled 

Inflow = 6272cfsO 1206hrs.VOlume= 4.761d 
OutAovr = 60.876150 1211hn. VOluma= 4.752aL Allen=% Lag=331rh 

Rou6ng by stor-lnd+Tm memod. TI Span= 0.00-24.00 hrs. dl= 0.05 hrs 
MarVelodty=3.4@. KmTraVellTtme=lSmin 
Avg. Vebc3y- 1.3 tpS. A- Travel Tbne= 5.0 mh, 

PeakDepvI=2m 
Capaciiy a1 bank h& 182.58 ds 
0.m x 3.m deep M 15; 0.030 Length= 400.4 slope= o.ooM*/ 
side slope zyiilue 3.0 6.0 -r 

Reach 4: Runoff Diversion Channel Cell 6 

0004’72 



Reach 5 Runoff Diversion Channel Cell 7 

Peak Deph 1.99' 
-8lbankML- 182.58cfs 
O.W 3.w deep channel, n= 0.m IJ?WUI= 510.W sbpa= 0.0050 *r 
sde !ikJp.a z-vabJ5 3.0 80 7 

Reach 5: Runoff Diversion Channel Cell 7 

DesignCaseB Type 1124h Rahfafd.70. 

H@dXD@ 6.00 yh IXG329 0 19882001 W e d  Mkmumml er Wems 
Prepared by Geosynlec Consultants %De 23 .... 

Reach 68: Runoff Diversion Channel 

1- Warning: Ink1 deMtion not spedfied 

lnnow 3 65.36dsB 1221lus, vofume= 5.900ai 
hrmow - 64.43 ds B 1225 lus, Votumk 5.8Waf. Allen= 1% Lag= 25 mln 

Max Velodtys 3.6 rpS. Mhr. Travel T i  1.5 min 
Ramng by Sw-lnd+Trars method. TmU, Span= 013024.00 hrs. dl= 0.05 hrs 

A v g  V&&~P 1 2  lp, Avo. TRvel Thns 4.6 min 

Peak D"pm- 1.50 
caoadv at bank W- 115.68 cfs 

Reach 68: Runoff Diversion Channel 

Reach 7: 249x33 Culverts 

ml Hint Inlet modnims not evahled 
1651 Warning Inlet elevation not specified 

Inflow = 64.43dsB 1 2 2 5 h  Vdume= 5.890al 
OutROw = 642OdsO 1228hrS.Vduma= 5.888~Allen=O.4la0.0.51rin 

RoutLy by Slru-IrdtTrans method, Tbm spart 0*1024.00 hrs, & 0.05 hrs 
Max Vebdcp 5.3 fps, Lsh T d  Tm3= 0 3  min 
Avg. Vabdty o 1.9 fps. A% Trawl h O . 8 m h ,  

Peak O e p h  l.6U 
Capacily a1 bank -413.33 ds 
A tador 01200 has been applled lo lhe si&ed storage and discharge data 
7 2 r ~ ~ a 1 n w p ~ p e  ~ 0 . 0 1 8  msapw~ s10pe-o.o046*r 

Reach 7: 249x33 Culverts 
Wfwnph P!Ql 

. .  . . 3 . .  . . . . . .  , . . . .  . . .  . .'. I . -..: . . 2 . . :  

.... ,. . . . . . . . . . . .  . . . . . .  . . .  ...,- -: . . .  . . .  , . , . . .  . , . . .  

- 
2 a 
I 

.... . . . . . . .  
: . % _  '...'.... , . .  , . . .  . , , I  

P 
. . . . . .  ' , , ,  

. . . . . .  , I ,  . . I . .  , *  
. . . . .  . , : .  . .  . .,_ ... - . . . . . . . . . . .  , .... ....................... : . . . , . .  

0 1 2  3 I 5  6 7 8 0 1 0 1 1 1 2 1 3 1 4 1 5 1 ( 1 1 7 1 0 1 9 2 0 ~ ~ ~ ~ I  - (koun) 

000473 



Re& 8: Inner Cell Drainage Channel 

.: .::._ ; .... ' . -r . .>. . ' .  . . .  . .  _ _ , . . I  . . . . .  

_ _ . _ _ I . _  I .... .,.... I.._. __.__. 

. Tvpe /I 24hr Rahfdd. 70' 
-27 

1 U 4 m  
. . . .  DeslgnCaseB 

Prepared by GeoSynIec comultards . . .  
~ & A ~ G . O O  & COOS29 0 KW-2001 A M S d  MkmamDum h lenn 

Reach 11: Runoff Diversion Channel Cell 2 

[w Wamiq  tnktekvakn ml spedied 

lnRow = 20.89dsO 11.94hrs. Volume= 1.166al 
m o w  = 1a.539JdSe 1202hR v w  1.163af. Anen=% *4J3& 

Routing by Slor-InbTrans memod. Tm Span= 0.00-24.00 hrs. d b  0.S hrs 
Max Veloc+ 2 4  CPS. ffi.Travel Tbns. 2 9  ndn 
Avg. Vebcay I 0 9  @a. Avg. Travel 7.7 ndn 

Reach 11: Runoff Diversion Channel Cell 2 

. W?". . . . .  . . . . . .  . . . . .  . .  . . . . . . . . . . . . . .  I .................... . _ * . _ - . . :  ...... ---.- ........... . . . . .  _.___. . . . . . . . . .  . . . . . .  . . . .  . . . .  , _ . , I .  

. . . .  . . . . . . . . . .  . . . . . . . . .  . . . . . . ._.. . I  . . . .  . . . .  : . . . . .  . . _ .  . . . . . .  .. ..-. ............. ........ .... 
. , . / : .  . . . .  

... . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  .* ..,..... . 

000474 
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- . .  . .  . .  . . .  @ 
Subcatchment 6 vegetated final cover 

. .  Subcatchment B vegetated final cover 

000477 



DeslgnCaseC 
heparedbyGeosynteccomullants Page 8 < 

Subcatchment D: non vegetated final cover 

mc¶=@m 

- P e 
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ATTACHMENT C-2 

WEIGHTED CURVE NUMBER CALCULATIONS 
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RESULTS FOR THE CALCULATION OF WEIGHTED CN 
West OSDF Construction Design Scenario 

e 
N 1.04 100% C construction laydown 

0 2.25 100% NIA direct runon to pond 

PIR 0.61 100% C construction laydown 

PZR 0.2 1 100% C construction laydown 

QN 0.13 100% C runon north of borrow area 

. 83 83 

83 83 

83 83 

83 83 

89 89 

89 89 

89 89 

89 89 

89 
19 86 

79 79 

82 82 

82 82 

19 
89 85 

82 82 

19 79 

82 82 

98 98 

82 82 

82 82 

79 I 79 

000484 
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RESULTS FOR THE CALCULATION OF WEIGHTED CN 
West OSDF Post Development Design Scenario 

0 

grass area 

P2R 0.21 100% C grass area 14 74 

QN 0.13 100% C runon north of borrow area 19 19 
N/A - Not Applicable 

000485 
Section C West AttachmenWrev C2 West OSDF PD 
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Alta Pacent HSG 

of Total AM 

(acres) 9b 

193 1009b BIC 

ass C 

0.7 1 30046 C 

FOR THE CALCULATION OF WEIGHTED CN 
.Design Case "A" 

Land Use 

Dercn-ption 

liner NIIOU~ 

coastruaionlaydown 

consrruuion laydown - 

CN 

89 

82 

82 

82 

82 

82 

82 

98 

82 

0.65 1 100% I C I construction laydown 

Weighed 

CN 

89 

82 

82 

8 2 -  

82 

82 

82 

92 

I .29 

0.34 

I .86 

100% C construction laydown 

100% C construction laydown 

100% C construction laydown 

. .  . . . .. 

c 

0.65 60% C pavement 

4m C conswcrion laydown 

5-3 l, 6, 

. .  

. .. 

C anadunentdC2 DC A 000486 
. .  
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RESULTS FOR THE CALCULATION OF WEIGHTED CN 
Design Case "B" 

J 0.14 I W O  C construction suppon 82 82 

K I .% 100% BIC vegetated final cover 83 83 

L 1.68 100% BIC vegetated final cover 83 83 

M 1.18 100% BIC vegetated final cover 83 83 

NIA - Not Applicable 

0630487 
DCB Attachment TabledC2 DCB 



RESULTS FOR THE CALCULATION OF WEIGHTED CN 
Design Case "C" 

NIA -Not Applicable 

. . _  . 
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M=c Attachment TableslC2 DCC 
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.. i -. men(: Fluor Fernald, lnc. Project: OSDF PHASE V ProjecVProposal No.:CQ1342 Task No217’ . 

EXAMPLE CALCULATION FOR WEIGHTED CURVE NUMBER OF SUBCATCHMENT J 
OF THE EAST OSDF CONSTRUCTION-PHASE DESIGN SCENARIO 

PURPOSE 

The computation below illustrates the method for calculating a composite dune number (CN) for a 
subcatchment area comprising more than one CN. This CN value is used as one of the input p&ameters 
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 J of the East OSDF Construction-Phase 0 Design Scenario grouped according to Hydrological Soil Group (HSG), the contributing percentage of 
the total area for subcatchment area J, and land use. 

CALCULATIONS 

Weighted CN = (74)(0.10)+(82)(0.90) 

. .. 

1/29/02 

000489 
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CulvertMaster@ OUTPUT REPORTS FOR CULVERTS 

EAST OSDF DESIGN SCENARIO 



Culvert DesignerlAnalyzer Report 
east node 11 

Design:TriaCl 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 
Computed Headwater Elevi 586.62 ft Discharge 79.26 cfs 

Inlet Control HW Elev. 586.62 ft Control Type Inlet Control 
Outlet Control HW Elev. 586.62 R 

Headwater DepthRleight 1.31 Tailwater Elevation 584.74 R 

Grades 

Upstream Invert 583.67 ft Downstream Invert 583.58 R 
Length 40.00 ft Constructed Slope 0.002355 fvR 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.79 ft 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Critical Depth 1.79 ft 
Velocity Downstream 7.77 Ws Critical Slope 0.004539 Wft 

Sedbn 

Section Shape Circular Mannings Coefficient 0.010 
SectWrMlgYddlHDPE (Smooth Interior) Span 2.25 ft 
Section Size 27 inch Rise 2.25 ft 
Number Sections 3 

Outlet Control Properties 

Outlet Control HW Elev. 586.62 ft Upstream Velocity Head 0.75 ft 
Ke 0.20 Entrance Loss 0.15 ft 

Inlet Control Properties 

Inlet Control HW Elev. 586.62 ft Flow Control Submerged 
Inlet Type Groove end projecting Area Full 11.9 ft' 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

000495 
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Culvert DesignedAnalyzer Report 
east node 23 

sign:TriaCl a :  
Solve For. Headwater Elevation 

Culvert Summaw 
-~ 

Aflowable HW Elevation 590.00 n Storm Event besign 
Computed Headwater Elevz 589.02 f t  Discharge 48.76 cfs 

inlet Control HW Elev. 588.83 ft Control Type Outlet Control 
Outlet Control HW Elev. 589.02 ft 

Headwater DepWHeight 0.90 Tailwater Elevation 587.01 n 

Grades 

Upstream Invert 
Length 

~ 

586.32 n Downstream Invert s a . 7 8  n 
92.00 n constntcted Slope 0.005870 fVft 

~~ 

Hydraulic Profile 
~~ ~~~~~ ~~ 

Profile M2 Depth, Downstream 1-59 ft 

Slope Type Mild Normal Depth 1.78 ft 
Row Regime Subcritical Critical Depth 1.59 ft 
Velocity Downstream 6.40 fVs Critical Slope 0.008394 Wft 

Section 

Section 
Section 
Section 

-a Shape Circular Mannings Coefficient 0:018 
Material CMP Span 3.00 ft . . 

Size 36 inch Rise 3.00 ft 
. . . _  . Number Sections : . 2 

Outlet Control Properties 

Outlet Control HW Elev. 589.02 ft Upstream Velocity Head 0.48 ft 
Ke 0.90 Entrance Loss 0.44 f t  

Inlet Control Properties 

Inlet Control HW Elev. 588.83 ft Flow Control NIA 
Inlet Type Projecting Area Full 14.1 n* 
K 0.03400 HDS 5 Charl 2 
M 1.50000 HOS.5 Scale 3 

C 0.05530 Equation Form 1 
Y 0.54000 

000496 
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Culvert DesignedAnalyzer Report 
east node 25 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 588.50 ft Storm Event Design 
Computed Headwater Eleve 587.71 ft Discharge 64.24 cfs 
Headwater DepthMeight 1.18 Tailwater Elevation 586.73 ft 
Inlet Control HW Elev. 587.53 ft Control Type Outlet Control 
Outlet Control HW Elev. 587.71 ft 

~ 

Upstream Invert 584.85 ft Downstream Invert 584.53 ft 
Length 53.00 ft Constructed Slope 0.006038 ft/ft 

Hydraulic Profile 

Profile M1 Depth, Downstream 2.20 ft 
Slope Type Mild Normal Depth 1.78 ft 
Flow Regime Subcritical Critical Depth 1.48 ft 
Velocity Downstream 4.93 ftls Critical Slope 0.009284 Wft 

Sedion 

Section Shape Arch Mannings Coefficient 0.018 
Section M a t W l  and Aluminum Var CR Span 3.50 ft 
Section Size 42 x 29 inch Rise 2.42 ft : 

Number Sections 2 

0 
Outlet Control Properties 

Outlet Control HW Elev. 587.71 ft Upstream Velocity Head 0.40 ft 
Ke 0.90 Entrance Loss 0.36 ft 

Inlet Control ProDerties 

Inlet Control HW Elev. 587.53 ft Flow Control Unsubmerged 
Inlet Type Thin wall projecting Area Full 13.0 ft’ 
K 0.03400 HDS 5 Chart 34 
M 1.50000 HDS 5 Scale 3 
C 0.04960 Equation Form 1 
Y 0.57000 
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Culvert DesignerIAnalyzer Report 
east node 27 

Design:TriaCl 

Soke For: Headwater Elevation 

Culvert Su m a  ty 

Allowable HW Elevation 587.00 ft Storm Event Design 
Computed Headwater Eleve 585.63 ft Discharge 65.00 cfs 
Headwater Depthkteight 1.17 Tailwater Elevation 583.88 fl 
Inlet Control HW Elev. 585.50 ft Control Type Outlet Control 
Outlet Control HW Elev. 585.63 ft 

Grades 

Upstream Invert 582.80 ft Downstream Invert 582.36 ft 
Length 106.00 ft Constructed Slope 0.004151 fVt? 

Hydraulic Pmfile 

Profile M2 Depth, Downstream 1.52 ft 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Critical Depth 1.49 ft 
Velocity Downstream 6.78 fvs CriticalSlope 0.009343 fvft 

Sedion 

Section Shape Arch Mannings Coefficient 0.018 
Section M a t W l  and Aluminum Var CR Span 3.50ft ... 
Section Size 42 x 29 inch Rise 2.42 ft 
Number Sections 2 

Outlet Control Properties 

Outlet Control HW Elev. 585.63 ft Upstream Velocity Head 0.45 ft 
Ke 0.90 Entrance Loss 0.40 ft 

Inlet Control Properties 

Inlet Control HW Elev. 585.50 ft Flow Control Unsubmerged 
Inlet Type Thin wall projecting Area Full 13.0 ft2 
K 0.03400 HDS 5 Chart 34 
M 1.50000 HDS 5 Scale 3 
C 0.04960 Equation Form 1 
Y 0.57000 
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Culvert DesignerIAnalyzer Report 
east node 28R e Design:TriaCl 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 

Headwater DepWHeight 1.02 Tailwater Elevation 585.57 ft 
inlet Control HW Elev. 588.41 ft Control Type Outlet Control 
Outlet Control HW Elev. 588.57 ft 

Computed Headwater Elevi 588.57 ft Discharge 77.19 ds 

Grades 

Upstream Invert 585.75 ft Downstream Invert 585.00 ft 
Length 140.00 ft Constructed Slope 0.005357 fvft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.53 ft 

Flow Regime Subcritical Critical Depth 1.53 ft 
Slope Type Mild Normal Depth 1.90 ft 

Velocity Downstream 6.89 Ws Critical Slope 0.009110 Wft 

Sedion 

Section Shape Arch Mannings Coefficient 0.01 9 
Section Mat&i&l and Aluminum Var CR Span 4.08 ft 
Section Size 49 x 33 inch Rise 2.75 ft 
Number Sections 2 

a 
Outlet Control Properties 

Outlet Control HW Elev. 588.57 ft Upstream Velocity Head 0.50 ft 
Ke 0.90 Entrance Loss 0.45 ft 

Inlet Control Properties 

Inlet Control HW Elev. 588.41 ft Flow Control Unsubmerged 
Inlet Type Thin wall projecting Area Full 17.8 ftz 
K 0.03400 HDS 5 Chart 34 
M 1.50000 HDS 5 Scale 3 
C 0.04960 Equation Form 1 
Y 0.57000 
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Culvert DesigneriAnalyzer Report 
east node 31 

a k e  FOC Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 588.50 ft Storm Event Design 

Headwater QepWHeight 0.66 Tailwater Elevation 58451 f t  
Inlet Control HW Elex 585.20 ft Control Type Entrance control 
Outlet Control HW €lev. 

Computed Headwater Elevr 585.49 ft Discharge 6-54 cfs 

585.49 ft 

Grades 
~~ ~ 

Upstream Invert 
Length 

584.00 ft Downstream Invert 
80.00 ft Constructed Slope 0.012500 fvft 

~ 

Hydraulic Profile 

Profile CompositeSl S2 Depth. Downstream 1.51 ft 
Slope Type 
Flow Regime 

Steep Normal Depth 
NIA Critical Depth 

Velocity Downstream 2.31 ft/s Critical Slope 

"- 534  6 
i t '  

Section 

ction Shape Circular Mannings Coefficient 0.012 

Seclihrrw(itaHDPE (Smooth Interior) Span . .  2.25 It 
Section Size 
Number Sections 

'27 inch . Rise 2.25 p . 
. _ .  . . .. . . .. .I.:. 

Outlet Control Propelties 

Outlet Control HW Elev. 585.49 n Upstream Velocity Head 0.33 n 
Ke 0.90 Entrance Loss 0.29 ft 

Inlet Control Properties 

Inlet Control HW Elev. sw.20 n Flow Control N/A 
Inlet Type Groove end projecting Area Full 4.0 nz 
K 
M 
C 

0.00450 HDS 5 Chart 
2.00000 HDS 5 Scale 
0.03 170 Equation Form 

1 .  
3 

1 
Y 0.69000 
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Culvert DesignerlAnalyzer Report 
west node 5 design 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 

Headwater DepthRleight 1.20 Tailwater Elevation 582.50 ft 
Inlet Control HW Elev. 584.67 ft Control Type Outlet Control 
Outlet Control HW Elev. 584.89 ft 

Computed Headwater Elevz . 584.89 fl Discharge 55.45 cfs 

Grades 

Upstream Invert 580.68 ft Downstream Invert 579.98 fl 
Length 95.00 ft Constructed Slope 0.007368 wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 2.52 ft 
Slope Type Mild Normal Depth NIA ft 

Velocity Downstream 7.48 Ws CriticalSlope 0.016887 fUft 
Flow Regime Subcritical Critical Depth 2.33 ft 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 3.50 ft 
Section Sue 42 inch Rise 3.50 ft 
Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. 584.89 ft Upstream Velocity Head 0.59 ft 
Ke 0.90 Entrance Loss 0.53 ft 

Inlet Control Properties 

Inlet Control HW Elev. 584.67 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 9.6 ftz 
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 DesignerIAnalyzer Report 
west node 7AR design 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 
Computed Headwater Elevs 582.10 ft Discharge 57.96 cfs 
Headwater DepthlHeight 1.27 TaiCater Elevation 579.58 R 
Inlet Control HW Elev. 581.80 ft Control Type Outlet Control 
Outlet Control HW Elev. 582.10 ft 

Grades 
~~ ~ 

Upstream Invert 577.67 ft Downstream Invert 577.23 ft 
Length 81.46 ft Constructed Slope 0.005292 fvft 

Hydraulic Profile 

Profile M2 Depth, Downstream 2.39 ft 
Slope Type Mild Normal Depth NIA fl 
Flow Regime Subcritical Critical Depth 2.39 ft 
Velocity Downstream 8.30 fvs CriticalSlope 0.017334 fflA 

Section 

Section Shape Circular Mannings Coefficient 0.024 
Section Material CMP Span 3.50 ft 
Section Size 42 inch Rise 3.50 fl 
Number Sections 1 

0 
Outlet Control Properties 

Outlet Control HW Elev. 582.10 ft Upstream Velocity Head 0.59 ft 
Ke 0.90 Entrance Loss 0.53 ft 

Inlet Control Properties 

5 3 1 6  

Inlet Control HW Elev. 581.80 ft Flow Control Unsubmerged 
Inlet Type Projecting Area Full 9.6 ft' -I 

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 DesignerlAnalyzer Report 
west node 7CR design 

Design:Trial-1 

Solve For. Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA fl Storm Event 
Computed Headwater Eleva 578.01 fl Discharge 58.08 cfs 
Headwater DepthRleight 1.08 Tailwater Elevation 575.39 fl 
Inlet Control HW Elev. 577.92 fl Control Type Entrance Control 
Outlet Control HW Elev. 578.01 fl 

Design 

Grades 

Upstream Invert 574.96 fl Downstream Invert 573.50 fl ' 

Length 296.00 fl Constructed Slope 0.004932 ftlft 

Hydraulic Profile 

Profile s2  Depth, Downstream 1.79 fl 
Slope Type Steep Normal Depth 1.79 R 
Flow Regime Supercritical Critical Depth 1.95 fl 
Velocity Downstream 8.40 fUs CriticalSlope 0.003931 ftlft 

Sedion 

Section Shape Horizontal Ellipse Mannings Coefficient 0.013 

Section Size 34x53 inch Rise 2.83 fl 
Number Sections 1 

Section Material Concrete Span 4.44 fl 

Outlet Control Properties 

Outlet Control HW Elev. 578.01 fl Upstream Velocity Head 0.92 fl 
Ke 0.20 Entrance Loss 0.18 R 

Inlet Control Properties 

Inlet Control HW Elev. 577.92 fl Flow Control ' Unsubmerged 
GrockkMiiMth headwall (horizontal ellipse) Area Full 10.2 fl' 

K 0.001 80 HDS 5 Chart 29 
M 2.50000 HDS 5 Scale 2 
C 0.02920 Equation Form 1 
Y 0.74000 
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Culvert DesignerIAnalyzer Report 
west node 8BR 

a Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summay 

Allowable HW Elevation 577.00 ft Storm Event Design 
Computed Headwater Eleva 575.32 ft Discharge 81.21 cfs 
Headwater Depthkleight 1.07 . Tailwater Elevation 573.29 ft 
Inlet Control HW Elev. 575.19 R Control Type Outlet Control 
Outlet Control HW Elev. 575.32 ft 

Grades 

Upstream Invert 
Length 

572.12 ft Downstream Invert 572.00 ft 
30.00 R Constructed Slope 0.004000 wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 2.08 ft 

Flow Regime Subcritical Critical Depth 2.08 ft 
Slope Type Mild Normal Depth 2.36 ft 

Velocity Downstream 7.78 Ws CriticalSlope 0.005456 fvR 

Section 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 3.00 ft 
Section Size 36 inch Rise 3.00 ft 
Number Sections 2 

Outlet Control Properties 

Outlet Control HW Elev. 575.32 ft Upstream Velocity Head 0.80 ft 
Ke 0.20 Entrance Loss 0.16 ft 

Inlet Control Properties 

Inlet Control HW Elev. 575.19 fl Flow Control Unsubmerged 
Inlet Type Groove end wheadwall Area Full 14.1 flz 
K 0.00180 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 2 
C 0.02920 Equation Form 1 
Y 0.74000 

000505 
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a Design:Trial-1 

Culvert DesignerIAnalyzer Report 
west node 9BR design 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 
Computed Headwater Elevi 581.91 ft Discharge 13.09 ds 
Headwater DepthlHeight 2.55 Tailwater Elevation 576.97 ft . 
Inlet Control HW Elev. 581.91 ft Control Type Inlet Control 
Outlet Control HW Elev. 581.62 ft 

Grades 
~ 

Upstream Invert 
_ _ _ _ ~  

578.08 ft Downstream Invert 576.00 ft 
Length 87.63 ft Constructed Slope 0.023736 ft/ft 

Hydraulic Profile 

Profile CompositeM2PressureProfile Depth, Downstream 1.35 ft 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Critical Depth 1.35 ft 
Velocity Downstream 7.80 Pus Critical Slope 0.026149 Pull 

Sedbn 

Section Shape Circular Mannings Coefficient 0.018 
Section Material CMP Span 1.50 ft 
Section Size 18 inch Rise 1.50 ft 
Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. ' 581.62 ft Upstream Velocity Head 0.85 ft 
Ke 0.90 Entrance Loss 0.77 ft 

Inlet Control ProDerties 

Inlet Control HW Elev. 581.91 R Flow Control Submerged 

K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y o . w a a  

Inlet Type Projecting Area Full 1.8 ft' 

008506 
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Culvert DesignerIAnalyzer Report 
west node 1OBR 

a Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 
Computed Headwater Elevs 581.12 ft Discharge 9.65 cfs 
Headwater Depth/Height 1.16 Tailwater Elevation 580.06 ft 
Inlet Control HW Elev. 581.04 ft Control Type Outlet Control 
Outlet Control HW Elev. 581.12 ft 

Grades 
~~ 

Upstream Invert 579.67 ft Downstream Invert 579.52 ft 
\ 

Length 44.12 ft Constructed Slope 0.003400 ftm 

Hydraulic Profile 

Profile . M2 Depth, Downstream 0.89 ft 2 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Critical Depth 0.89 ft 
Velocity Downstream 5.16 fUs Critical Slope 0.007602 ftm 

Section 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 1.25 ft 

Number Sections 2 
Section Size 15 inch Rise 1.25 ft 

~ ~~ 

Outlet Control Properties 
~~ ~ 

Outlet Control HW Elev. 581.12 ft Upstream Velocity Head 0.27 ft 
Ke 0.20 Entrance Loss 0.05 ft 

Inlet Control Properties 

Inlet Control HW Elev. 581.04 ft Flow Control Transition 
Inlet Type Groove end projecting Area Full 2.5 ft* 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

Title: Fernald OSDF Phase V Revision Project Engineer: Victoria S. Cheplak 
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a Design:Trial-1 

Culvert DesignerIAnalyzer Report 
west node 11 R design 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation N/A R 
Computed Headwater Elevs 580.64 ft Discharge 19.28 cfs 

Inlet Control HW Elev. 580.58 ft Control Type Outlet Control 
Outlet Control HW Elev. 580.64 ft 

Storm Event Design 

Headwater DepthRleight I .32 Tailwater Elevation 578.64 ft 

Grades 

Upstream Invert 578.01 ft Downstream Invert 577.81 ft 
Length 48.60 ft Constructed Slope 0.004115 ftlft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.58 ft 
Slope Type Mild Normal Depth NIA ft 
Flow Regime Subcritical Critical Depth 1.58 ft 
Velocity Downstream 7.25 ftls Critical Slope 0.007804 wft 

Sedion 

Section Shape Circular Mannings Coefficient 0.01 3 
Section Material Concrete Span 2.00 ft 
Section Size 24 inch Rise 2.00 R 
Number Sections 1 

0 
Outlet Control Properties 

Ke 0.20 Entrance Loss 0.12 ft 
Outlet Control HW Elev. 580.64 ft Upstream Velocity Head 0.61 R 

Inlet Control ProDerties 

Inlet Control HW Elev. 580.58 ft Flow Control Submerged 
Inlet Type Groove end projecting Area Full 3.1 ft' 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

000508 
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Solve For: Headwater Elevation 

Culvert DesignerIAnalyzer Report 
west node 12 design 

30( 393 

53L6 

Culvert Summary 

Allowable HW Elevation 581.90 R Storm Event Design 
Computed Headwater Elevs 579.42 R Discharge 32.49 cfs 
Headwater DepthMeight 1.37 Tailwater Elevation 575.11 fl 
Inlet Control HW Elev; 579.11 ft Control Type Outlet Control 
Outlet Control HW Elev. 579.42 R 

Grades 

Upstream Invert 576.00 fl Downstream Invert 575.75 fl 
Length 104.80 fl Constructed Slope 0.002385 AER 

Hydraulic ProNe 

Profile . CompositeM2PressureProfile Depth, Downstream 1.94 ft 
Slope Type Mild Normal Depth N/A R 
Flow Regime Subcritical Critical Depth 1.94 fl 
Velocity Downstream 7.95 f tk Critical Slope 0.006986 Wft 

Sedion 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 2.50 R 
Section Size 30 inch Rise 2.50 fl 
Number Sections 1 

Outlet Control Properties 
~~ ~~ 

Outlet Control HW Elev. 579.42 ft Upstream Velocity Head 0.68 f l  

Ke 0.20 Entrance Loss 0.14 ft 

Inlet Control Properties 

Inlet Control HW Elev. 579.11 R Flow Control Submerged 

K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 

Inlet Type Groove end projecting Area Full 4.9 ft’ 

C 0.03170 Equation Form 1 
Y 0.69000 

000509 
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Cu Ive rt Desig ne r/Anal yze r Rep0 rt 
west node 13 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 581.50 ft storm Event Design 
Computed Headwater Elevs 580.39 R Discharge 5.73 cfs 
Headwater DepthMeight 0.93 Tailwater Elevation NIA ft 
Inlet Control HW Elev. 580.36 ft Control Type Entrance Control 
Outlet Control HW Elev. 580.39 ft 

Grades 

Upstream Invert 579.00 ft Downstream Invert 578.00 ft 
Length 120.00 fl Constructed Slope 0.008300 fWt 

Hydraulic Profile 

Profile s2  Depth, Downstream 0.84 ft 
Slope Type Steep Normal Depth 0.84 ft 

Velocity Downstream 5.66 ftls Critical Slope o.006095 tvn 
Flow Regime Supercritical Critical Depth 0.92 ft 

Sedion 

Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 1.50 ft 
Section Size 18 inch Rise 1.50 ft 
Number Sections 1 

Outlet Control ProDerties 

Outlet Control HW Elev. 580.39 n Upstream Velocity Head 0.39 n 
Ke 0.20 Entrance Loss 0.08 ft 

. 5-3 1 6 

Inlet Control Properties 

Inlet Control HW Elev. 580.36 ft Flow Control Unsubmerged 
Inlet Type Groove end projecting Area Full 1.8 ftz 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

Title: Femald OSDF Phase V Revision Project Engineer: Victoria S. Cheplak 
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Culvert DesignerIAnalyzer Report 
west node 14 design 

Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 581.90 ft Storm Event Design 
Computed Headwater Elevi 579.26 ft Discharge 3.20 cfs 

Inlet Control HW Elev. 579.10 ft Control Type Entrance Control 
Outlet Control HW Elev. 579.26 ft 

Headwater Depthkleight 0.26 Tailwater Elevation 0.00 ft 

Grades 

Upstream Invert 
Length 

578.60 ft Downstream Invert 575.00 ft 
112.00 ft Constructed Slope 0.032143 ftb? 

Hydraulic Profile 
~ ~ ~ ~~~~~~~ 

Profile s2 Depth, Downstream 0.32 ft 
Slope Type Steep Normal Depth 0.32 ft 
Flow Regime Supercritical Critical Depth 0.39 ft 
Velocity Downstream 4.04 Rls Criticalslope 0.013400 m 

Section 

4 4 m l f f l e a t i 3 k ~ & l  Corrugations Historic Span 
Section Shape Arch Mannings Coefficient 0.024 

Section Size 50 x 31 inch Rise 
Number Sections 1 

4.17 ft 
2.58 ft 

_ _ _ ~ ~  ~ _ _ _ _ ~  ~~ 

Outlet Control Properties 

Outlet Control HW Elev. 579.26 ft Upstream Velocity Head 0.14 ft 
Ke 0.90 Entrance Loss 0.13 ft 

Inlet Control Properties 

Inlet Control HW Elev. 579.10 ft Flow Control Unsubmerged 
Inl&Tgpb CR structural plate, projecting Area Full 8.4 ft2 
K 0.03000 HDS 5 Chart 35 
M 1.50000 HDS 5 Scale 1 

Y 0.57000 
C 0.04960 Equation Form 1 

Title: Femald OSDF Phase V Revision Project Engineer: Victoria S. Cheplak 
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Culvert DesignerlAnalyzer Report 
west node 15N design 

Solve For: Headwater Elevation 
~~ ~ 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 

Headwater DepthRleight 0.24 Tailwater Elevation 582.99 ft 
Inlet Control HW Elev. 584.23 ft Control Type Entrance Control 
Outlet Control HW Elev. 584.26 ft 

Computed Headwater Elevs 584.26 ft Discharge 0.46 cfs 

Grades 

Upstream Invert 583.90 ft Downstream Invert 583.60 ft 
Length 55.00 ft Constructed Slope 0.005455 fwt 

Hydraulic Profile 

Profile s2 Depth, Downstream 0.22 ft 
Slope Type Steep Normal Depth 0.22 ft 
Flow Regime Supercritical Critical Depth 0.25 ft 
Velocity Downstream 2.89 ftls Critical Slope 0.003059 fwt 

Sedion 

Section Shape Circular Mannings Coefficient 0.010 
SectWrMgWdclIHDPE (Smooth Interior) Span 1.50 ft 
Section Sue 18 inch Rise 1.50 ft 
Number Sections 1 

a 
~~ ~~ ~~ 

Outlet Control Properties 

Outlet Control HW Elev. 584.26 ft Upstream Velocity Head 0.09 ft 
Ke 0.20 Entrance Loss 0.02 ft 

Inlet Control Properties 

5 3 1 6  

Inlet Control HW Elev. 584.23 ft ' Flow Control Unsubmerged 
Inlet Type Groove end projecting Area Full 1.8 ft* 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form 1 
Y 0.69000 

800512 
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CulvertMaster@ OUTPUT REPORTS FOR CULVERTS 

DESIGN CASE “A” 

F0330030-100% 



Culvert DesignerlAnalper Report 
reach 1 

ak Discharge Method: User-Specified 

Design Discharge 2-02 ds CheckOischarge 0.00 ds 

Grades Model: Inverts.. 

invert Upstream . 587.35 ft fnvert Downstream 586.37 ft 

Drop 0.98 ft 
Length 80.00 A Slope 0.012250 m 

Headwater M e t  Maximum Anowable HW 

Headivater Elevation 590.00 ft 

Tailwater Conditionsr Constant Tailwater 

Tailwater Elevation . 586.80 R 

N W  Description D i r g e  HWElev. Velocity 

x Trial-1 1-1 8.0 x 1 1 .O inch Arch . 2.02 cfs 588.03 R 

. .  . . .. 

. .  

327/ 3.v-l' 

- 531.6 
L, . -- 
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-. . . .. 

Solve For: Headwater Elevation 

Culvert Desig ner/Anal yzer Report 
reach 1 , 

Culvert Summaw 
Allowable HW Elevation 590.00 it Storm Event Design 
Computed Headwater Uev: 588.03 ft Discharge 202 d S  . 

Headwater DepWHeight 0.75 Taiiater Elevation 586.80 f€ 
Met Comi HW mev. 587.97 ft Control Type Entrance Control 
Outlet Control HW Oev. 588.03'ft 

Grades 

Upstream Invert 587.35 fi Downstream Invert . ~36.37 n 
Lmsth 80.00 ft Consbucted SIope 0.012250 m 

-- 
Hydraulic Profile 

. M-9 

. '  
I 

~ ~~ ~~ ~ ~~ 

Profile Composites1 S2 Depth. Downstream 0.43 ft 

Slope Type Steep Normal Depth 0.35 ft 
Flow Regime NIA Critical Deplh 0.41 n 
Velocity Downstream 3.25 ft/s Critical Slope 0.007284 fVft 

Section 

ection Shape Arch Mannings Coefficient 0.018 
ect-ion Material Concrete Span 1.50 ft 

SectionSize . 18.0 x 11.0 inch Rise 0.92 ft 
Number Sectins 1 

Outlet Control Properties 

Outlet Control HW Elev- 588.03 ft Upstream Velocity Head 0.18 ft 

Ke 0.50 Entrance Loss . 0.09 ft 

Inlet Control Properties 

Inlet Control HW Elev. 587.97 ft Flow Control 
Inlet Tymuare edge wheadwall (arch) 
K 0.00980 HDS 5 Chart 
M 2.00000 HDS 5 Scale 
C 0.03980 Equation Form 
Y 0.67000 

Area FuU 
N/A 
1-1 n* 

0 
0 
1 

Tille: Femald OSDF Phase V Project Engineer Dana Belh Mehlman 
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Culvert DesignedAnalyzer Report 
reach 3 

eak Dixharge Method: Userspecified 

Design Discharge 8.41 cfs CheckDscharge 0.00 cfs 

Qrades Model: Inverts 

Invert Upstream 581.60 n Invert Downstream 581.30 ft 

Drop . 0.30 n 
Length 55.00 A Slope 0.005455 ftAt 

Headwater Model: Maximum Allowable MN 

Headwater Elevation . 585.50 ft 

Ta i i te r  Condiiions: Constant Ta i i te r  

Tailwater Elevation 582.27 ft 

- . . . 5 3 f 6  

.-. 
Name @scription Discharge HWOev. Velocity 

x TriaCl 2-18 inch Circular 8-41 cfs m2.76 n 

..._ . 

. .  

000516 
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Culvert DesignetYAnalyzer Report 
reach 3 --_ 

.., - . .. 

- : @esign:Trial-l 

Solve For: Headwater Elevation 

Cutvert Summary 

Allowable HW Elevation w.50 n Storm Event Design 
Computed Headwater Elev, 582.76 f t  Discharge . 8-41 C ~ S  

Headwater DepWHeight 0.77 Tahvater Uevation ~ 2 - 2 7  n 
Inlet Control HW Elev. 58270n conmt~ype Entrance controi 
Outlet Control Hw Elev. 582.7s n 

~ ~~ 

Grades 

Upstream Invert 581.60 n Downstream Invert ~ ~ - 3 0  n 
Length 55.00 n Constructed Slope 0.005455 fVft 

Hydraulic Protile 

Profile CompositeSlS2 Depth, Downstream 0.97 H 
Slope Type Steep Normal Depth 0.68 ft 
Flow Regime N/A Critical Depth 0.79 ft 
Velocity Downstream 3.48 fi/s Critical Slope 0.003243 wn 

Section 

Section Shape Circular Mannings Coefficient 0.0 10  

Section Size 18 inch Rise 1.50 ft 
Sec(ibrrrb$B(tFiAHDPE (Smooth Interior) span 1-50 ft 

Number Sections 2 
a 

Outlet Control Properties 

Outlet Control HW Elev. 582.76 ft Upstream Velocity Head 0.31 ft 
Ke 0.20 Entrance Loss 0.06 ft 

Inlet Control Properties 

Inlet Control Hw Elev. 582.70 ft FlowControl . N/A 
Inlet Type Groove end wlheadwan Area Full 
K 0.001 80 HDS s Chart 
M 200000 HDS 5 Scale 

3.5 H2 
1 
2 

C 0.02920 Equation Form 1 

Y 0.74000 

Title: Femald OSOF Phase V Project Engineer: Dana Beth Mehlman 
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Culvert D&igner/Analyzer Report 
reach 4 . .- 

eak D i i a r g e  Method: User-spedfied 

D d g n  Discharge 1.90 ds CheckDscharge 0.00 cfs 

Grades Model: Inverts 

Invert Upsbeam 58270 ft Invert Downstream 581.50 ft 
Length 60.00 n Slope 0.020000 fm 
Drop 120 ft 

Headwater Model: Maximum Allowable HW 

Headwater 'nevation 587.00 ft 

Tailwater Conditions: Constant Taiiater 

TaiMter Elevation 582.94 ft 

Name Description Dixharge HWElev. Velocity 

x Trial-1 1-1 8 inch Circular 1-90 cfs 583.45 H 

- -  5 3 J  - 4 
. .  

. .  
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ign:Tcial-l 

For. Headwater Elevatiorr 

Culvert DesignerjAnalyzer Report 
reach 4 

~ ~ ~~ ~~ ~~~ ~ 

Culvert Summary 

Allowable HW Elevation 587.00 ft Storm Event Design 

Headwater Depthhieight 0.50 Taiater  Elevation 58294 ft 
Inlet Control MN Elev. 583.40 ft Control Type Entrance Control 
Outlet Control HW Elev. 583.45 ft 

Computed Headwater Elevr 583.45 0 Discharge 1.90 cfs 

Grades 

Upstream Invert 58270 ft Downstream Invert 58150 ft 
Length 60.00 ft Constructed Stope 0.02oooo wit 

. .  

Hydraulic Profile 

Profile CompositeSl S2 Depth. Downstream 1.44 ft 

flow Regime N/A Critical Depth 0.52 A 
Velocity Downstream 1.09 Ws Critical Slope 0.002919 Wft 

Slope Type Steep Normal Depth 0.32 n 

Sectmn 

Section Shape Circular Mannings Coefficient 0.010 
ecfiIrJrW*dHDPE (Smooth Interior) Span 1.50 ft 

Section Size 18 inch Rise 1.50 ft 
Number Sections 1 

e 
Outlet control Properties 

Outlet Control HW Elev. 583.45 ft Upstream Velocity Head 0.19 ft . 
. .  

Ke 0.20 . Entrance Loss 0.04 ft 

~- 

Inlet Control Properties 

Inlet Control HW Elev. 583.40 ft Flow Control N/A 
Inlet Type Groove end wheadwall Area Full 1.8 flz 
K 0.00180 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 2 
C 0.02920 Equation Form 1 
Y 0.74000 . 

. .  

. .  . .. 

000519 
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Culvert DesignerIAnal per Report 
reach 8 

-\ 

eak Discharge Method- user-specified 

Design D i a r g e  24.73 cfs ChedcOischarge 0.00 cfs 

Grades Model: Inverts 

3331344 

5 3  1-6 c .  

. InvertUpstream 579.33 n Invert Downstream 578.84 ft 
Length 49.00 n Slope 0.01oooo m 
DrOp 0.49 n 

Headwater Model: Maximum Allowable HW 

Headwater Elevation m.50 n 

Tailwater Conditions: Constant Tailwater 

Tailwater Elevation 579.84 n 

Name Desubtion Dicharae HWElew Vefocitv 

x Trial-1 2-30 inch Circular 24.73 cfs 581.38 ft 

.. . - 

a 000520 

Ti@: Femald OSDF Phase V Project Engineer: Dana Beth Mehlman 
h:\ ... \phase v\final phase v (1Wi)MF a\dc a.cm GeoSyntec Consultants CulvehMaster v2.0 [2.005] 
01/29/02 02:52:09 PM (9 Haeslad Methods. lnc. 37 Brookside Road Watehury. CT 06708 USA. . +1-203-755-1666 Page 1 of 2 



Culvert DesignerIAnalyzer Report 
reach8 - 

gn:TriaCl 

b e  For: Headwater EIektion 
~ 

Culvert Surnmaly 

Allowable HW Elevation ~ 2 . 5 0  n Storm Event Design 
Computed Headwater Elev: 581.38 ft Discharge 24.73 cfs 
Headwater Depthhieight 0.82 T a i i t e r  Uevation 579.84 ft 
Inlet Control HW Elev. 581.13 A ControlType Entrancecontrol 
Outlet Control MN Eley. 581.38 A 

Grades 

Upstream Invert 579.33 ft Oownstrearp Invert 578.84 ft 
Length 49.00 A Constructed Slope 0.010000 rtm 

Hydraulic Profile 

Profile S2 Depth. Downstream 1.09 ft 
Slope Type Steep Normal Depth 1-09 f t  
Flow Regime Supercritical . Critical Depth 1.18 ft 
Velocity Downstream 6.01 Ws CriticalSlope 0.007567 Wft 

Section 

Section Shape Circular Mannings Coeffiient 0.017 
Section Material CMP Span 2.50 ft 

30 inch Rise 2-50 ft 
Number Sections 2 

Outlet Control Properties 
~ 

Outlet Control HW Elev. 581.38' f t  Upstream Velocity Head 0.46 ft 
Ke 0.90 Entrance Loss 0.41 ft 

hlet cdntrof Properties 

Inlet Control HW Elev. 581.13 A Flow Control N/A 
Inlet Type 
K 
M 

Projecting Area Full 
0.03400 . HDSSChart 
1.50000 HDS 5 Scale 

9.8 fF 
2 '  
3 

C 0.05530 Equation Form t 
Y 0.54000 

Tile: Femald OSOF Phase V Project kngineer: Dana Beth Mehlman 
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336/34 
- 5316 

Culvert DesignerIAnalyzer Report . 

DCB node 7 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 

Headwater DeptNHelght 0.91 Tailwater Elevation 587.98 ft 
Inlet Control HW Elev. 589.27 R Control Type Outlet Control 
Outlet Control HW Elev. 

Computed Headwater Elevz 589.44 ft Discharge 64.43 cfs 

589.44 ft 

Grades 

Upstream Invert 586.95 fl Downstream Invert 586.53 ft 
Length 92.00 ft Constructed Slope 0.004565 Wft 

Hydraulic Profile 

Profile M2 Depth, Downstream 1.45 ft 
Slope Type Mild Normal Depth 1.74 ft 
Flow Regime Subcritical Critical Depth 1.38 ft 
Velocity Downstream 6.10 Ws Critical Slope 0.008520 Wft 

Sedion 

Section Shape Arch Mannings Coefficient 0.019 
Section Mat&i&I and Aluminum Var CR Span 4.08 ft 
Section Size 49 x 33 inch Rise 2.75 ft 
Number Sections 2 

Outlet Control Properties 

Outlet Control HW Elev. 589.44 ft Upstream Velocity Head 0.42 ft 
Ke 0.90 Entrance Loss 0.38 ft 

Inlet Control Properties 

Inlet Control HW Elev. 589.27 ft Flow Control Unsubmerged 
Inlet Type Thin wall projecting Area Full 17.8 ftz 
K 0.03400 HDS 5 Chart 34 
M 1.50000 HDS 5 Scale 3 

Y 0.57000 
C 0.04960 Equation Form 1 

Title: Femald OSOF Phase V Revised 
h:\ ... \design case b culverts.cvm 
'ollO8lo4 10:29:22 AM Q Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +1-203-755-1666 

Project Engineer: Victoria S. Cheplak 
CulvertMaster v3.0 [3.0003] 

Page 2 of 2 
GeoSyntec Consultants 



5316 
GEOSYNTEC CONSULTANTS PAGE 331 OF3qq 
Written by: Victoria Chedak NSC) Date 12/19/03 Reviewed by: Date: 

Client: Fluor Fernald, Inc Project: OSDF Phase V Revision Project No.: 60321 1 Task No.:* 

CulvertMaster@ OUTPUT REPORTS FOR CULVERTS 

DESIGN CASE “C” 



a Solve For: Headwater Elevation 

Culvert Design Report 
Design Case C node 5 

Culvert Summary 

Allowable HW Elevation NIA ft Storm Event Design 
Computed Headwater Elevation 584.36 ft Discharge 45.14 ds 
Headwater DepWHeight 1.05 Tailwater Elevation 581.71 ft 
Inlet Control HW Elev. 584.11 ft Control Type Outlet Control 
Outlet Control HW Elev. 584.36 ft 

Grades 

Upstream invert 580.68 ft Downstream Invert 579.98 ft 
Length 95.00 ft Constructed Slope 0.007368 f t / f t  

Hydraulic Profile 

Profile M2 Depth, Downstream 2.10 ft 
Slope Type Mild Normal Depth - 2.21 ft 
Flow Regime subcritical Critical Depth 2.10 ft 
Velocity Downstream 7.51 fVS Critical Slope 0.008606 f t / f t  

Section 

Section Shape Circular Mannings Coefficient 0.01 8 
Section Material CMP Span 3.50 f t  
Section Size 42 inch Rise 3.50 ft 
Number Sections 1 

Outlet Control Properties 

Outlet Control HW Elev. 584.36 ft Upstream Velocity Head 0.78 f t  
Ke 0.90 Entrance Loss 0.70 ft 

* 
Inlet Control Properties 

Inlet Control HW Elev. 584.11 ft Flow Control Unsubmerged ' 

Inlet Type Projecting Area Full 9.6 ft2 . 
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54oOo 

Title: Femald OSDF Phase V Project Engineer: Dana Beth Mehlman 
c:\victoriaVemald\design case c culvetts.cvm GeoSyntec Consultants CulvertMaster v2.0 [2.0051 
12/6/2003 1:42 PM Q Haestad Methods. Inc. 37 Brookside Road Waterbury. CT 06708 USA +I-203-755-1666 Page 1 



5316 
GEOSYNTEC CONSULTANTS 
Written by: Victoria Chedak NSC) Date 12/19/03 Reviewed by: Date: 

Client: Fluor Fernald. Inc Project: OSDF Phase V Revision Project No.: 603211 Task No.:* * 
ATTACHMENT C-4B 

TABULATED ANALYSIS RESULTS FOR CULVERTS 
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OSDF CONSTRUCIlOPUFILLING PERIOD CONDlTlONS 
SUMMARY OF CULVERT ANALYSES RESULTS 

CULVERT IDENTIFICAlION OUTLFT PROTECTION"' HYDRAULIC CAPACITY SRIJCTURAL CAPACITY'" 
CULVERTMASTER' MODELING 

CHARACTERISITCS PHYSICAL CHARACTERISnCS OF CULVERT CULVERT PROFILE I 
C U I V W I  Nnmc slntar"' =* OLmU 

Enlnlxe Lar InkIInrrrI N&rd Appm-r 

(Ke) Dtsnu(er'* ha (m) MSL) 
n l a t t ~ - ~ y . p  c-t M-S~ c&rm- 

cn MSL) (Kd Dtsmetcr 

40 

I DCA 

DCA 

DCA 

D C A  

aistiq- 

ais*- -- - . 3 3  586.80 587.97 588.03 2.0 

58227 582.70 582.76 2 7  35 

582.99 583.4 583.45 3 3  1.1 

579.84 581.13 58138 1.1 

05 I - l l r l8 in tzh  112.02 

2 - l 8 &  318.41 

2 - l S i n h  411.90 

2 - 3 O k h  8124.13 

HCXkLU 58735 586.37 0.0123 590.00 CMPA-Arrb 03 0.018 FlarrdFadscaim I-13a17ind1 a0 

PVC . 02 0.010 C-HCXkLU 2 - l S M  55 581.60 58130 0.0355 585.54 Gmw Hadwall 02  

wc 0.2 0.010 C-Hcad-udn 2 -  18- M) 582.70 58150 0.moO 587.00 G r m n H d w a I l  02 
- - - - ~ ~ -  ~---- ~ ~~ ---- 

5 6 )cr 6.0 IO 12 232 Ck-Higbay 2 HelinlCMP 0.9 0.017 Rojsainlr 2-30bd1 49 57933 578.84 O.Ol00 58230 -8 0.9 

DCB HelLalCMP-M 0.9 8 6 4.1 P 6.1 16 I2 3.8 WHiPbyay 3 92 587.98 5 8 9 n  589.44 586.95 58653 o.Oc4.5 5?35 IninwsoFmjalbg 09 2-49r33inrh 7164.43 0.019 ~ o j e a i ~ a  2 - 4 9 1 3 3 k h  

DCC 5 8 0 s  579.98 0.W4 591.82 Rojslins 0.9 581.11 584.11 584.36 1-42- 5145.14 HcliralCMP 0.9 0.018 m 1-42- 95 7 7.3 7.64 OaHi.&way 3 P 731 6 I4 12 
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CULVERT IDENTIFICATION 

OSDF CONSTRUCTION/FILLING PERIOD CONDITIONS 
SUMMARY OF CULVERT RIP RAP ANALYSES RESULTS 

PHYSICAL CHARAClERIsTICS OF CULVERT 

Design Culvert 
Name Status'" Scenario 

Number of Approximate 
Length (n) Material - Type Manning's n Culverts - 

Diameter 

l yd rdad  Node 
I Peak Flow 
Rate (cfs) 

I 1 R 179.26 

23 148.76 

25 164.24 

new- I EOSDF I HelicalCMP- Arch I 0.019 I 2-49x33inch I 140 28R I IPmnTY9Tv 

~~~ 

~mpomry Protection Permanent Proteaion DCP 'linimum 
Length Outlet 

(fus) 
Riprap Riprap Riprap Riprap Riprap Riprap 

Lengthat Lengthat Lengthat Lengthat Lengthat Lengthat 
Inlet Outlet Inlet Outlet Inlet Outlet 
(n) (n) (n) (n) (n) (n) 

7.7 

6.4 6 8 6 12 
4.9 none recommended 7 14 

~~ ~ ~~ ~ 

31 existing I EOSDF I HDPE 0.0 12 1-27inch I 80 

I 

Ila existing 

Ilb existing 
23 new 
25 new 
n new 

OUTLET PROTECTION 

EOSDF HDPE 0.0 IO 2 - 27 inch 40 

EOSDF . RCP 0.01 3 I - 30 inch 40 
E OSDF Helical CMP 0.018 2 - 36 inch 92 
E OSDF Helical CMP - Arch 0.018 2 - 42 x 29 inch 53 

E OSDF Helical CMP - Arch 0.01 8 2 - 42 x 29 inch 106 

28R 177.19 

31 1654 

6.9 none recommended 8 16 

2.3 I -  

6 

12 
13 
14 

15N 

6 

new W OSDF RCP 0.0 13 1 - 30 inch 105 12 132.49 7.81 5 7 5 10 6 12 
new W OSDF RCP 0.013 I - 18 inch 120 1315.73 5.66 3 5 3 6 6 12 

existing WOSDF CMP 0.024 I-50x31 inch 112 1413.20 4.01 
existing WOSDF HDPE 0.010 55 15N 10.46 2.89 1 - 18 inch 

6 

D C A  CMPA - Ardl 0.018 1 - 13 x I7inch 

DC A PVC 0.010 2-18inch 

DCA PVC 0.010 2-18inch 

existing- 
temporary 
existing- 
temporary 
existing- 
temporag, 

6 

80 112.02 3.3 

55 3 18.41 3 5  

60 411.90 1.1 

Ilicknesr (it 

0.1 new - 
7 I l e m p o r a r y I  

12 

I 12 
0.019 65 7 164.43 6.1 a 10 8 16 6 

12 

DCC Helical CMP 0.9 1-42ind1 95 new - 

I2 

12 

5 145.14 7 5  I 12 7 14 6 12 

DCA Helical CMP 0.017 2-30inch 49 8 124.13 6.0 4 8 5 10 6 12 
new - .I temporary I 

- E OSDF = East OSDF COnsrmai~n-Phase Design scenario 
- W OSDF = West OSDF Consmction-Phase D e s i  Scenario 
- DC A = Design Case "A' 
- NIA = Not Applicable 

. - d, = Average particle diameter 

East 8 West Section C AttachmenWrev C4B RR 
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TABULATED ANALYSIS RESULTS FOR BASIN OUTLET STRUCTURES 
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ADDENDUM TO SECTION 13.1 

(ADDED TO REVISION 1 PACKAGE) 

The 2000-year drainage channel aligned along the east perimeter of the OSDF was 

originally designed to convey runoff from the east slope of the OSDF final cover system and 

runon from east of the OSDF. This channel was designed to include a 1 %  overbank between the 

25-year channel and the Emergency Access Road (formerly the Rerouted North Entrance Road), 

to accommodate these flows. Further analyses (presented in this addendum) show that a portion 

of the runon from the 2000-year storm event is diverted by the road embankment and thus does 

not enter the channel. Additionally, the geometry of a segment of the channel differs from the 

original design by not including a 1 %  overbank. 

’ 

This addendum is prepared to evaluate the adequacy of the East 2000-year channel 

considering the diversion of runon by the Emergency Access Road and the existing and as- 

designed geometry of the channel. For Cells 1 to 3, the channel geometry used in the evaluation 

is consistent with a recent aerial topographic plan, which does not reflect a 1% overbank. For 

Cell 4, the channel geometry used in the evaluation is consistent with OSDF Phase IV 
construction drawings, which does not include a 1% overbank. For Cells 5 to 8, the channel 

geometry used in the evaluation is consistent with OSDF Phase V construction drawings, which 

shows the originally designed 1% overbank along a portion of the cells. Calculation procedures 

and input data are similar to that used in Section 13.1. This addendum is presented as Section 

13.3 of the OSDF Final Design Calculation Package and is entitled “OSDF Phase V, East 2000- 

Year Drainage Channel Evaluation”. Section 13.3 is presented in Volume VII of the OSDF Final 

Design Calculation Package. 

a 

F033OO3 1- 1 OO%J 00% (Boos34 
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OSDF PHASE V, EAST 2000-YEAR DRAINAGE CHANNEL EVALUATION 

EXECUTIVE SUMMARY . 

PURPOSE OF ANALYSES 

The 2000-year drainage channel aligned along the east perimeter of the OSDF (2000-year 

channel) was originally designed to convey runoff from the east slope of the OSDF final cover 

system and runon from east of the OSDF, for the 2000-year 24-hour storm event. This channel 

was previously evaluated as part of Calculation Section 13.1. 

For the evaluation presented in Calculation Section 13.1, the channel geometry was 

consistent with the OSDF Final Design Package, which included a 1% overbank between the 

East 25-year runoff channel (25-year channel) and the Emergency Access Road (formerly the 

Rerouted North Entrance Road). The final channel geometry East of Cells 1 to 4 will differ from 

the OSDF Final Design Package by not incorporating a 1% overbank. Furthermore, analyses 

presented herein indicate that runon south of Cell 4 is expected to be diverted by the Emergency 

Access Road (road) embankment and thus not enter the 2000-year channel. Runon along and 

north of Cell 4 is considered to enter the 2000-year channel due to the presence of a culvert and 

berm crossing the runon channel at the southeast comer of Cell 4. 

@ 

The purpose of this calculation is to revaluate the adequacy of the 2000-year channel using a 

channel geometry that exists along Cells 1 to 3 and is expected to exist (with the completion of 

Phases IV and V construction) along Cells 4 to 8, to convey runoff from the 2000-year 24-hour 

storm event with a minimum 0.5 ft freeboard. 

METHOD OF ANALYSES 

Analysis methods and input data, not specific to channel geometry, are consistent with that 

used in the OSDF Final Design calculation package “Stormwater RunonRunoff and Drainage 

Control Structures” (i.e., Calculation Section 13.1). 0 
F033003 1-1 00%-1 00% 
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Cross-sectional geometry for the 2000-year channel along Cells 1 to 3 was obtained from a 

topographic map prepared after construction of this segment of the channel. This channel 

segment exists and was constructed without .the 1% overbank. Cross-sectional geometry for the 

2000-year channel along Cell 4 was obtained from OSDF Phase IV Final Certified-For- 

Construction drawings (Phase IV drawings). The channel segment along Cell 4 is yet to be 

constructed; Phase IV drawings show this segment to be constructed without a 1% overbank. 

Cross-sectional geometry for the 2000-year channel along Cells 5,6,7, and 8 was obtained from 

OSDF Phase V Certified-For-Construction drawings (Phase V drawings). 

RESULTS AND CONCLUSIONS 

The results of the analyses performed indicate that freeboard for the 2000-year channel will 

equal or exceed 0.5 ft (measured vertically from the subgrade of the Monitoring Access which is 

located at the approximate terminal end of the final cover system) for peak flows from the 2000- 

year 24-hour storm event. Based on the above, the 2000-year channel as constructed for Cells 1 

to 3 and to be constructed for Cells 4 to 8 is expected to convey the 2000-year 24-hour event 

without adversely impacting the On-Site Disposal Facility (OSDF) final cover system. 

0 

F033003 1-100%- 100% 
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OSDF PHASE V, EAST 2000-YEAR DRAINAGE CHANNEL EVALUATION 

PROCEDURES 

INTRODUCTION AND PURPOSE 

The 2000-year drainage channel aligned along the east perimeter of the OSDF (2OOO-year 

channel) was originally designed to convey runoff from the east slope of the OSDF final cover 

system and runon from east of the OSDF, for the 2000-year 24-hour storm event. This channel 

was previously evaluated as part of Calculation Section 13.1. 

For the evaluation presented in Calculation Section 13.1, the OSDF Final Design Package 

which included a 1% overbank between the East 25-year runoff channel (25-year channel) and 

the Emergency Access Road (formerly the Rerouted North Entrance Road). The final channel 

geometry East of Cells 1 to 4 will differ from the OSDF Final Design Package by not 

incorporating a 1% overbank. Furthermore, analyses presented herein indicate that runon 

downstream of Cell 4 is expected to be diverted by the Emergency Access Road (road) 

embankment and thus not enter the 2000-year channel. Runon along and north of Cell 4 is 

considered to enter the 2000-year channel due to the presence of a culvert and berm crossing the 

runon channel at the southeast corner of Cell 4. 

0 

The purpose of this calculation is to revaluate the adequacy of the 2000-year channel using a 

channel geometry that exists along Cells 1 to 3 and is expected to exist (with the completion of 

Phases IV and V construction) along Cells 4 to 8, to convey runoff from the 2000-year 24-hour 

storm event with a minimum 0.5 ft freeboard. 

DESIGN CRITERIA 

The design criteria for this calculation are consistent with that used in Calculation Section 13.1. 

DESIGN SCENARIOS 

As in the OSDF Final Design Package [GeoSyntec, 19971, three independent scenarios were 

F033OO3 1 - 100%- 100% 
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analyzed for the 2ooO-year channel. These three scenarios model differing vegetative conditions to 

reflect different time periods after the closure of the facility. The scenarios are identified as 

follows: 20oO-Year Storm Design Scenario-Light Vegetation, 2OOO-Year Storm Design Scenario- 

Moderate Vegetation, and 20oO-Year Storm Design Scenario-Heavy Vegetation. 

Layout for 2000-Year Design Scenarios 

The layout of the East Perimeter of the OSDF for the 2OOO-year design scenarios is consistent 

with existing conditions and future modifications shown on Phase IV and Phase V drawings 

(Phases yet to be constructed). Runon along and north of Cell 4 is considered to enter the 2000- 

year channel due to the presence of a culvert and bem crossing the runon channel at the southeast 

comer of Cell 4. The capacity of the Emergency Access Road (road) embankment to divert runon 

downstream of Cell 4 for the 2OOO-year storm event (thus preventing the runon from entering the 

2OOO-year channel) is evaluated. A schematic drawing showing the layout of the East Perimeter of 

the OSDF for the purpose of hydrologic calculations is included as Attachment A-1 . 0 
SOFTWARE 

The software (i.e. HydroCadm) and analysis methods employed for this calculation is 

consistent with that used in Calculation Section 13.1. 

HYDROLOGIC ANALYSES 

Procedures used for hydrologic analyses are consistent with that used in Calculation Section 

13.1, updated to reflect the expected long-term geometry of the 2000-year drainage channel and 

the configuration of the Emergency Access Road embankment. 

HYDRAULIC ANALYSES 

Procedures for hydraulic analyses are consistent with that used in Calculation Section 13.1, 

updated to include the 1% overbank (where expected to be present along the channel alignment), 

the geometry of the Emergency Access Road embankment, and the adjacent runon diversion 

@ area. 

F033oO3 1- 1 OO%-lOO% 
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ATTACHMENT A-1 

LAYOUT OF 2000-YEAR STORM DESIGN SCENARIOS 
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OSDF PHASE V, EAST-2000 YEAR DRAINAGE CHANNEL 

DATA VERIFICATION 

INTRODUCTION 

As described in the Procedures Section, the purpose of this calculation is to re-evaluate the 

adequacy of the 2000-year channel, using the channel geometry that exists along Cells 1 to 3 and 

is expected to exist (with the completion of Phases IV and V construction) along Cells 4 to 8, to 

convey runoff from the 2000-year 24-hour storm event with a minimum 0.5 ft freeboard. This 

section (Data Verification) presents the selection of parameters used to perform analyses in the 

Calculations Section of this calculation package. e 
HYDROLOGIC ANALYSES 

For the three 2000 Year Storm Design Scenarios, the relationships of subcatchments and 

reaches are shown by the nodal network diagram presented in Attachment A-2. 

Rainfall Distribution 

The rainfall distribution used for this calculation is consistent with Calculation Section 13.1 

(i.e., an SCS Type 11 Rainfall Distribution used for the Fernald site location). 

Rainfall Depth 

The rainfall depths used for this calculation is consistent with Calculation Section 13.1 (ie., 

a rainfall depth of 13.0 inches is used for the 2000-year storm event). 

Runof curve numbers 

The runoff curve numbers used. for this calculation are consistent with Calculation Section 

12.5, "OSDF Phase 

Hydrology", adjusted a 
V, Surface-Water Management System Design and Post-Closure 

to an antecedent moisture condition (AMC) of IlI. Subcatchment 

F033OO3 1-1 OO%J 00% c0.0544 
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Light Vegetation 

Moderate Vegetation 
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0.150 0.030 

0.240 0.030 

characteristics including total area and data for calculation of weighted CN are tabulated in 

Attachment B-1. Data includes the percentage of subcatchment area for combinations of HSG, 

CN, and a land use description for each subcatchment. Land use description is selected to be 

consistent with conditions expected for the post-closure period. 

Subcatchment Time of Concentration 

Subcatchment characteristics for calculation of time of concentration are tabulated in 

Attachment B-2. Parameters include those for sheet, shallow concentrated, and channel flow. 

As in Calculation Section 13.1, three different scenarios are analyzed. Different combinations of 

Manning’s number, for both sheet and channel flow, are selected for each design scenario. These 

parameters are presented below and are consistent with those used in Calculation Section 13.1: 

Manning’s n for I Channel Flow 

2000-Year Storm Manning’s n for Sheet 

Design Scenario I Flow 

Heavy Vegetation 0.240 0.070 

HYDRAULIC ANALYSES 

Geometric characteristics &e., sideslopes, width, and longitudinal slope) for the channel 

segment along Cells 1 - 3 were established from site topography from the January 2000 flyover 

(existing topography). Geometric characteristics for the channel along Cell 4 were established 

from the Phase IV Certified-For-Construction drawings. Geometric characteristics for the 

channel along Cells 5 - 8 were established from the Phase V Certified-For-Construction 

drawings. As described above, the Manning’s n value will vary between scenarios. For the Light 

Vegetation, Moderate Vegetation and Heavy Vegetation 2000 Year Storm Design Scenarios, the 

Manning’s n values are 0.030, 0.030, and 0.070, respectively. Data for channel segments are 

presented in Attachment B-3. 0 
F033OO3 l-lOO%-lOO% 
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ATTACHMENT B-2 

DATA FOR CALCULATION OF TIME OF CONCENTRATION 
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HYDROCAD"' wur PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR S O R M  DESIGN SCENARIO -LIGHT VEGETATION 
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HYDROCAD”’ INPUT PAI~AMETERS FORTHE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR !STORM DESIGN SCENARIO - MODERATE VEGETATION a 

Mau+n -- -- S & D W k - m  

0.240 0 . m  m- 
0.240 0.0750 

0240 0.m m- 

- 
0.240 

0.240 

0.240 
- Olam 150 

0.1m 150 

0.1am I50 0.240 * 
0.Moo gar+- 

0.0050 

0.240 0.lmO I 150 

0.240 

0.240 

0.240 * 
0.240 0.0176 60 KISS’. dmu 0.240 

0240 0.0070 . I 
0240 I 0.0160 I . I 
0.240 I 0.0110 I - I - * * * 
0240 0.0160 

0.240 0 . m  . 
om 0 . m  - 
0240 I 0.0160 I . I - 
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HYDRO CAD^ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR STORM DESIGN SCENARIO - HEAVY VEGETATION 
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Client: Fluor Fernald, Inc. Project: OSDF Phase V Revision Project No.: GO3211 Task No.:A 0 
OSDF PHASE V, EAST 2000-YEAR DRAINAGE CHANNEL EVALUATION 

CALCULATIONS 

INTRODUCTION 

As described in the Procedures Section, the purpose of this calculation is to revaluate the 

adequacy of the 2000-year channel, using the channel geometry that exists along Cells 1 to 3 and 

is expected to exist (with the completion of Phases lV and V construction) along Cells 4 to 8, to 

convey runoff from the 2OOO-year 24-hour storm event with a minimum 0.5 ft freeboard. This 

section (Calculations) presents calculations based on procedures and data presented in the 

Procedures and Data Verification Sections of this calculation package. 

HYDROLOGIC ANALYSES 

Hydrologic analyses are completed for the three 2000-Year Storm Design Scenarios, nodal 

networks are prepared, and HydroCADTM runs are performed for the 2000-year, 24-hour storm 

event. HydroCADTM output reports for these runs are presented in Attachment C-lA, C-lB, and 

C- IC for the Light Vegetation, Moderate Vegetation, and Heavy Vegetation 2OOO-Year Design 

Scenarios, respectively. The primary calculation parameter obtained from the HydroCDTM 

output reports for use in this evaluation is 2000-year, 24-hour peak flow rate. 

Weighted runoff curve numbers are calculated using a spreadsheet. Results are presented in 

The calculated weighted runoff curve numbers are directly input into Attachment C-2. 

HydroCADTM. 

HYDRAULIC ANALYSES 

A cross-section was selected for each channel for evaluation of freeboard using the peak 

flow rate from each of the three design scenarios. Freeboard is measured vertically between the 

level of the Monitoring Access subgrade or the Emergency Access Road, whichever is lower, and 

the water level calculated using Manning’s equation for 2000-year, 24-hour peak flow rates. 

Calculations for freeboard were performed using a computer spreadsheet. Spreadsheets for each 

design scenario are presented in Attachment C-3. - * --- 
F033003 1~100%~100% 1/15/2W- 
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For incorporation into Manning’s equation, the geometry of the 2000-year channel was 

modeled to be V-shaped or trapezoidal. Since the configurations of the channels are non- 

uniform, calculation results (for the design scenario with the greatest flow depths, the heavy 

vegetation scenario for all cells) are presented on cross-sections for each cell in Attachment C-4. 

RESULTS AND CONCLUSIONS 

Results of the analyses performed indicate that freeboard for the 2000-year channel will 

equal or exceed 0.5 ft for peak 2000-year 24-hour storm event. Based on the above, the 2000- 

year channel as constructed for Cells 1 to 3 and to be constructed for Cells 4 to 8 is expected to 

convey the 2000-year 24-hour event without adversely impacting the On-Site Disposal Facility 

(OSDF) final cover system. 

F033003 1-100%-100% 
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ATTACHMENT C-1A 

2000-YEAR STORM DESIGN SCENARIO - LIGHT VEGETATION 
2000-YEAR, 24-HOUR STORM EVENT 

e 
F033003 1- 100%-100% 



subcahhmntc:~nr la leover 

s&wlmD:vegetatedf inaleol .er  

Tc=19.5mh Ck99 Ares=4.gBoac Runc&6128ds 5.307al 

TelBBmh CU=QQ A r e k J . 7 4 6 ~  -59.75ds 5079al 

ShAchment DDR (new node) 
T o 7 6 m h  ctkgg ~reaa.85oac fhmofl= i4.mds o.gPal 

s&wlChmXdE:Vq)a ta tadt tna laMI  

SlIbWtmnt F: vegemd flnal ODVQ 

~ F F F k V e p t E t e d R n a l C O W  

subcatchmeni0:~f lnalcova 

s l b c a t m n t m ~ f l n a l c o v e r  

Tc48.5mh CU=QQ Area=4346ac Runc&&74 ds 5293al 

To18.7mh Uk99 M B 1 4 a c  fhmofl-60.75ds L152al 

To17.6mh CN=99 &ea=2.410ac Runob31.3Ods 2.56Qal 

To18.7mh CU=QQ Ar~a=4.916ac Runc&62.42ds 5293al 

To17.7mh cN=99 Aresd56X)ac R d = 5 9 . 4 8 d s  4913al 

SubcatcJunmt I: runon east o f  OSDF 
Tc=13Bmh CFtSo ARlso.53Oac Rumlk7.50ds Ob18al 

subcatchment IR: (new node) 
T o 7 3  m h  CN=99 Area=0.600 ac R w H =  10.54 ds 0.643 al 

subcahhmnt J runon east o f  OSDF 
T&.4mn CFtSo Area.1242ac Rumll=11.61ds 121Oaf 

Subcatchment JR: (mm node) 
T d . 6 m h  CU=QQ Arez=Z52oac R d k 3 3 . 2 6 d s  2696al 

Subcatchment K: runon east o f  OSDF 
Tc.42.9 m h  ot86 Aread2.623 ac Rundf= 19.08 cts 2435 al 

2000 year stomlight 
Prepared by GeoSyntec Consultants 
WmCAWD6.00 dnooo929 0 18862001 k ~ ~ d ~ o u t e r S y s l e m s  

Reach 7R: (new node) 

Tyjm 1124-hr Rainfa//=13.00' 
Page 3 

1115Roo4 

Inllov= 390.04 ds 41.255 al 
Lenglh=400.0' MaxVeb7.1 Ips Capaci1.293.72ds Outflow=387.Mds 41226al 

inno- 54.37 ds 6.718 af 
Length= 405.U Max V& 2.7 Ips capadty= 179423 d o  oumah 53.84 ds 8.705 al 

Reach 8: east runon diW 

Reach 8 R  (new node) Inflom 404.97 dr-43.LWi al 
Length- 220.0' Max V e t  5.6 Ips Capacity= 618.57 ds Ouff lwr~ 402.80 ds 43.784 af 

Infiow= 145.85 cts 17.423 al 
Le- 475.0' Max V& 3.4 Ips Cdcadi 13.33982 ds OuU!a%= 144.46 d s  17.391 al 

Infiow= 404.93 CIS 44.746 al 
Length. 120.0' Max Vel= 5.5 Ips Capad+ 2.047.79 ds Outflow= 403.60 ds 44.733 al 

ln%w=431.w)ds 48.955al 
Le"glh= 365.U Max V e t  5.5 Ips Wac+ 1.88286 ds oumOrn427.54 d s  48.809 al 

Inflow= 231.M ds 27.588 al 
Length- 170.0' Max V e t  5 2  Ips Capaci+ 1267.78 ds olmlow= 230.19 ds 27.556 al 

Read, 9: east nmon ditch 

Reach 9R: (new node) 

Reach 1 O A R  (new node) 

Read, 11: (mm node) 

~ ~ ~ f l ~ r ~ a = 7 a i m s :  vol~me=782ooaf AverageDepVl=izoi- 

Subcatchment KIR: (new node) - e: (flew node) 

M c h m e n t  L: NDoneast dOSDF 

Subcatchment M: m e a s t  dOSDF 

subcatdment K- rullon east d OSDF 

0 nmon east dOSDF 

subcehlarent 0: nmon east d OSDF 

subcalchment T R  (new ncde) 

Reach1:MIoRchannel wlap=63mds 5.057al 
kngk 4a.U Max Vek 2 9  fpr capacau; 2.56553 ds armah 60.41 ds 5.048 a1 

hIlw=l30.73ds 11565aI 
LBnsps385.U MaaVeb43Ips -2.05166ds ~ - 1 n 8 5 d s  11.552aI 

ln!lav=197.61 do 19.066al 
Length.4lK.0' MaxVebWIpa Capad+1.590.57ds Ou!%m=194.12ds 19.048aI 

wtom 242.40 ds 28.888 al 
-- 242.40 ds 28.888 al 

Reach 2 MIoff channel 

Reach 3: runoff channel 

Reach 3R (new node) 

Reach 4 NIWH channel b d k k  268.53 d s  25.998 at 
Length.3395.0' MaxVeb4.6lps Capacitpi.n.52ds OUmom264.lKds 25.971al 

Reach 5 ~notfchannel lnfkw=314.55cts 31.123af 
Length-405.U MaxVeb52fpr Capadty=840.15ds oumOW=310.32ds 31.092al 

Inllow= 358.43 d s  36.385 al 
LensVe490.0' MaxVet5.3Ipa Cepaatr1.011.11& oulfh=353.15ds 36.342al 

Reach6:Nnotfchwnl 

Reach7:eastruMnmtch 
Len- 395.U Max Veb 0.0 Ips Capady= 24298 ds outfbw= 0.00 d s  0.000 al 

2000 year stomlight 
Prepared by GeoSynlec Consultants 
HvdrcCADcB 6.00 d n  OW929 0 108GhY)l A p p l i i  McmcOmpuler Swlems 

rvpe //24-hr Rainfak13.00' 
Page 4 

l/ly2M)4 

Subcatchment A: vegetated final cover 

Runolf = 33.78 CIS 8 12.09 hrs. Volume= 2.784 a1 

RUMH by SCS TR20 method. UH=SCS. Time Span= 0.00-24.00 hrs. &= 0.05 hrs 
Type II 24-hr Rainlan=13.00' 

Tc Lenglh Slope Velocity Capacity DescApUcn 

6.9 90 0.05oO 0.2 shed flow. 

3.8 60 0.1WO 0.3 sheet flow. 

6.4 150 0.1700 0.4 !%eet flow. 

0.5 190 0.1700 6.6 ShaOow concentrated flow. 

(min) (feet) (MI) (Wsec) (CIS) 

Grass: Shon n= 0.150 PZ- 2.W 

Grass: Short n= 0.150 P2= 2.60' 

Grass:Shat ~ 0 . 1 5 0  P2=2.W 

Unpaved Kv= 16.1 Ips 
17.6 490 TOW 

Subcatchment A: vegetated ffnal cover 
Hvdr-h Ptot 

0 I 2 3 4 5 6 7 11 B 10 11 12 13 14 15 I6 I7 111 10 20 21 22 23 24 
rinr ml-1 

000560 



. , I , . . ,  

. I  . . , ,  , . .  ...-.. . , _ . r .~_____ .__ f___  
. , , . I  I , . , ,  ' , . I . , , , ,  

0 1 2 5 4  5 6  7 8  9 1 0 1 1 1 2 1 3 1 4 1 5 1 0 1 7 1 0 1 0 2 0 2 1 P ~ 2 (  
mn (hM.1  

unpaved KV= 16.1 tpS 
1.9 370 0 . m  3.2 86.88 TrapNeemPStQlannelFlow. 

Bol.W=fl.W ItZ.33' Z= 6.0 6 4.0 7 rr= 0.030 
19.5 860 TOW 

subcatchment C vegetated final cover -- 
. . . . .  * .  , , . .  

. . . . .  ' , , . .  , . , , , . . ,  

0 1 2  3 4 5 0 7 0 9 1 0 1 1 1 2 1 3 1 4 1 5 1 8 1 7 1 0 1 9 2 0 ~ ~ 2 9 2 4  

2OOO war s t o d s M  Tvpe 1124-hr f?a/nfd=lbW' 
Page 7 

1115Rm 
P r e p a h  by GeoSGtec Consultants 
H y d r o C m B M  dnnooo929 0 19862001 Ap~Ued Microcornpuler Syhlems 

Subcatchment D vegetated final cover 

Runoff = 59.75dsB 12.lOhrs. Vdume= 5.079al 

Runoff by SCS TFI-20 memod UH=SCS. T i  Span= 0.00-24.00 h ~ .  dl= 0.05 hrs 
Type I1 2dhr Rainfak13.W 

Area(ac) CN De~cription 
4.746 99 

Tc Length Skps Velocity Capam Descdph 

6.9 90 0.05W 0.2 sheet Flow, 

3.8 60 0.1WO 0.3 sheet flow. 

6.4 150 0.1700 0.4 sheet flow. 

0.5 180 0.1700 6.6 shallow comentrated Flow, 

imin) (leet) (W) ittrsec) ids) 

Grass:% n=O.150 P2.2.W 

Grass:Sh~! 11=0.150 P2=2.60' 

G ~ : S h o r t  n=O.lM P2=2.W 

Unpaved Kv= 16.1 Ips 
0.6 200 O.wB3 5.7 254.88 TrapNeelRectataMelFlow, 

0.6 150 0.0045 4.2 170.16 TrapNee/RectChamlFlow. 
Bd.W=O.W D-286 L-6.085.07 n=O.mO 

Bot.W=O.W tk2.86 Z= 8.0 6 4.07 n= 0.W 
18.8 830 Total 

Subcatchment D: vegetated final cover 

2000 year stomlight 
Prepared by GeoSyntec Consultants 
HvdroCACX9 6.00 sln ooo929 0 1986-2001 -plied Micrccommer Svstams 

Tvpe /I 24-hr Fidnfd/=13.00' 
Page 8 

1/15Roo4 

Subcatchment DDR: (new node) 

R m f l  = 14.99ds 0 11.96hK. Volume= 0.9Zaf 

R d  by SCS TR-20 memod. UH=SCS. Time Span= 0.0024.00 hK. d L  0.05 hK 
Type I1 2dhr Rainfall=13.00' 

Area (ac) CN Desctipticn 
0.860 99 

Tc Length slope V e l o c i  Capacity Description 

6.7 150 0.1500 0.4 Sheel flow, 
(mfn) (leet) (Uh) (Wsec) (CIS) 

Grass: Short n= 0.150 P2= 260' 

Unpaved Kv= 16.1 Ips 
0.9 330 0.1500 6 2  !shallow cwmlraled flow, 

7.6 480 Total 

Subcatchment DDR: (new node) 
HYdrOqraDh Plot 



, Thne SpP= 0.00-24.00 hrs. dl= 0.05 hrs 
9hr lW&l!=13.W 

Tc LeqPh slape VekcilY Capacily -(ion 

6.9 90 0.05M 0.2 sheet-. 
(h) (1-n ~ W R I   sa^) (CIS) 

Tc LeqPh slope Verociry CepacUy Desaipk 

6.9 90 0.05oO 0 2  sket F la .  Grass:shat 1 ~ 0 . 1 5 0  pt-2.W GmSs:shQl IDo.150 Pz=2W 

Grs+s: shml n=0.150 Pz=2.w 
ShealRa. 

Gran: shQl -0.150 -2.W 

Gran:shat nEo.150 P%2.W Grasshat  1~0.150 -2.W 

Unpaved K~16.1  Ips Urpaved K v .  16.1 Ips 

0 2  50 0.0045 4.6 25311 TW€wROdchwnelFla, BolW=O Ocr D3.68' ZE 4.0 6 6.0 'f ID 0 030 BoLW=OaO W3.22' t6 .064 .0 ' f  I D O . 0 3 0  
0.8 320 0.0105 7.0 346.69 T W e M k C t  C l I S I d  Ra. 187 835 Total 

Bd.W=O.oO 03.22' t 6 . 0 6 3 . 0 ' f  -0.030 

(dn) (feet) (wtt) WsaC) (CIS) 

9 8  60 0.1000 0.3 Sheat Row, 3.8 60 0.1000 43 shes( now. 

0.4 170 0.1700 6.6 ~ C O n a a m a h d R o r r .  0.4 175 0.1700 6.6 shaaa bncenbatsd Row, 

6.4 150 0.1700 0.4 6.4 150 0.1700 0.4 !sheel -. 
1 2  360 O.OO50 5 2  351.31 TraplvaelRectolamalRorr. 

18.5 840 TOW Subcatchment F: vegetated final cover 

sUbcatchmentE:w2getatedRnal- 

. . . . . . . . . .  . . . . . . . . .  .... ._ ... _>__  ........ -i. .c- 
, I , . . , , * .  . . . . . . .  . . . . . . . . .  - ...... ......... 

..?.. 1 . .  L..... .... :.. i 
, .  , I .  b 

...... L . > . . . . _ I . . L . .  .. >.. . , .  . . . . . .  

2000 year stomlight 
Prepared by GeoSynIec Consultants 
tt,dmcAL!a 8.00 dn ooo929 0 14162001 A m  Miuommpuler Svstems 

Type I1 24-hr Rainfalkl3.W' 
Page 11 

1/15/2004 

Subcatchment FFR: vegetated final cow 

Rundl = 31.30cf.3 0 12.09 hffi. Volume= 258OSf 

Rundl by SCS TR-20 melhod, UH=SCS. Time Span= 0.00-24.00 h. d k  0.05 hrs 
Type II 24hr Rainfalb13.00' 

Area(ac) CN Description 
2.410 99 

6.6 85 0.O500 0.2 sheet Flow, 
Grass:Short -0.150 P2=2.W 

3.3 50 0.lMx) 0.3 S M  flow. 

6.4 150 0.1700 0.4 shest Rmv, 

0.4 160 0.1700 6.6 Shallow concentrated now. 

Grass: Shod n~ 0.150 I?= 2W 

Grass: Shod r!= 0.150 I?= 2.W 

Unpaved Kv= 16.1 Ips 

Bo(.w=o.o(y 03.4s' Z= 6.0 a 3.07 nE 0.030 
0.9 365 O.Oo50 6.7 914.80 TrayeelReaChawl flow, 

17.6 810 TOM 

Subcatchment FFR: vegetated final cow 
nvdrmreah mol 

. . . . . .  ..........I 
. . , . , , I  . . .  I ,... ...... ..L ............. .L.-. . 

...... J .  _, ..:. ..... , . . .  I , .  I 

. . . 1 . . 1 . .  L.., ......_... 2 .. . . .  , I . , ,  

o I 2 3 4 5 a 7 a o to 11 12 13 14 15 i o  I? 18 i o  20 21 2~ n 24 
r- m-) 

2OOO year storm-light 
Prepared by GeoSyntec Consultants 
HydroCALX3 6.00 s/n OW929 0 19B6-X101 ApPGsd MicmamPUtw Svrtems 

Type /I 24-hr Ra;nfa/l=~%OO' 
Page 12 
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Subcatchment G Vegetated final C O W  

RuMn = 62.42CfS 0 12.10hK. VOlUllE= 5 . M a f  

RmzdI by SCS TR-20 method. UH=SCS. Tbne Span= 0.0024.00 hrs. dk 0.05 hrs 
Type II 24-hr Rainlalk13.W 

Area(ac) CN Description 
4.946 99 

Tc Lenglh sbpe Velocily cspadly DexripCion 

sheet ROW. 6.9 Bo 0.05oO 0.2 
Grass:Short -0.150 P2=2.60' 
sheet now. 3.8 60 0.1oW 0.3 
Grass:SM kO.150 PZ=2.60' 

6.4 150 0.1700 0.4 shea Flow, 
Grass: Shon ID 0.150 P2= 2.60' 

0.4 175 0.1700 6.6 shallow conmbsled Flow. 

1 2  370 0.0050 5.3 357.57 TaplveclRedcharmelFlow, 

(min) (leet) (tvn) (Wsec) (ds) 

Unpgved Kv.16.1fpo 

Bol.W=C1.00 D-3.85' L3.066.O'f n=0.030 
18.7 845 Total 

Subcatchment G vegetated final cover 
Hydmgraph Plot 

loRupnl . . . . . . .  . . . . . . . . .  I ,  __,___.. ........ ,. ..-. ....... .......... .............. 
. . . I . . . , . .  . . . . . . . .  - _ i  



6.9 90 0.05oO 0 2  S h e d R a .  ' 

3.3 50 O . l w 0  0.3 --, 
6.4 150 0.1700 0.4 --. 
0.4 160 0.1700 6.6 shaaWc4ncarmatsdRow. 

Graasl-cil n=o.150 m2.w 

(jraaw =also m2.w 

G r a t r r S x l  n=O.150 P2=2.W 

Unpavej Kv=lLlfPs 
0.7 400 0.0100 9.8 1.429.92 TrapNeelRedchannel Fbw. 

~0twa.w w . 7 ~  L- 3.0 a 6.0-r n= 0.00 
17.7 8M Total 

Sbcatchment HR: vegetated final cow 

Hydrographw . . . . . . . .  . ......,..,..,........,..... i . _ / _  . _ . _ , _ _ , _ _ I  ..........,.. ;. .;..:. __:__ . . . .  . . . . . . . . . . . . . . . . . . . . . .  

200 year stormlight 
Prepared by GeoSynlec Consultants 
HvdrocADiD6.W dn ooo928 0 198e-rn1 h r i  Mtmmmputer Swtems 

Subcatchment IR: (new node) 

Type I1 244r Rainfakf3.W 
Page 15 
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Runoff = 10.54dse 11.98hrs. Vdrtme= 0.643a1 

Runoff by SCS TR-20 mlhod. UH=SCS. Time Span= 0.0024.00 hn. dl= 0.05 hm 
Type 11 24-hr Rainfall=13.W 

Am(ac) CN Desu@lii 
0.600 99 

Tc Lenglh slope VefaHy cspacny DesCrip(i0n 

6.7 150 0.1500 0.4 sheet Flow, 

0.6 220 0.1% 6 2  s~concentraedFlow. 

7.3 370 Total 

(min) Ifeel) (M) (Wsec) (ds) 

Grass:Sholt n=O.150 P2=2.60' 

Unpaved Kv= 16.1 fp5 

Subcatchment IR: (new node) 
Wmwaph ma 

I ! . . , , . .  

. . . . . . . .  . . . . . . . . . . .  
. . . . . . . . . . .  

. . . . . . . . . . .  
_ . _ _ L _ _ L _ _ L _ _ I  __,__ I _ _ L _ _ L _ _ I _ _  

, ' . I . . *  I , .  

Typell24-hrRainfaa= 30176 00' 
200 year stomlight 
Prepared by Geosyntec Consultants pase 14 
HvdmCAWD6.W Yn ooo928 0 1986-2001 &@%d MiaDmnpder Svstems llc58pe4 

' 5.3 I,,&-. Subcatchment I: mnon east of OSDF 

Runoff = 7.50efse 12.05hts. vdum= 0.518af 

M bv SCS TR-20 meuad. WSCS.  Time 
Type II 24hr RaWaQ13.W 

0.W24.00 hrs. 6- 0.05 IUS 

Arealac) CN oesrriptm 
0.530 90 

TcLengm g o p e V e k c i t y c a p a c i t y ~  
(ndn) (feet) IMI) utkec) (&I 
13.6 210 0.05oO 0.3 -ROW. 

Grass:Shml n=O.150 m 2 . W  
02 55 0.0075 4.3 88.06 T ~ e & l e d # p m r c F b u ,  

BotW=O).W D 2 W  Z= 4.0 & 6.07 n= 0.030 
13.8 265 

Subcatchment I: NM east of OSDF 

2000 year stomlight Type 1124-hrRainMI=f3.00' 
Prepared by GeoSynlec Consultants Page 16 
HvdroCAW6.W sln 000929 0 1988.ZMIl A~pKed Mirocanpuler Swtems 1/15/2w4 

Subcatchment J mnon east of OSDF 

Runoff = 11.61 CIS 0 12.nhrs. Vdume= 1.21Oaf 

Runoff by SCS TR-20 melhod. UH=SCS. T i  Span= 0.W24.00 hrs. d k  0.05 hrs 
Type II 24-hf Rainfalk13.W 

Arealac) CN Desuiplion 
1.242 90 

Tc Length Slope Velocity Capacily DesuipSon 
(hn) (feel) (WH) (WE@ (ds) 
28.8 300 0.0158 02 sheet flow. 

Grass:Short n=0.150 m 2 . W  

unpaved Kvs 18.1 tps 

Bol.Wa.00 k2.S Z=6.0&4.0'f n=O.030 

0.8 100 0.0158 2.0 shallow COMentratad flow. 

0.8 150 0.0(135 3.2 88.88 T r a @ V ~ c h a n n e l F k m ,  

30.4 550 Total 

Subcatchment J mnon east of OSDF 

. . . . . . . .  . . .  . .  Hydrograph Plot 

I E E i  



31/26 
Type I1 24hr Rainfae 13.W 

Peg9 18 
2OOO year s t o d g h t  
Prepared by GeoSyntec Consultants 
HydmwIwp6 00 Sm o(33929 0 19ESZCO1 A m k d  Ukrccomwter Wens l/lY1004 

Subcatchment K: tunon east of OSDF 

Rundl = 19.08dse 1238hro. vdlmle= 2.435af 

2 o o o ~ s t O d g h t  Type I1 2- Ralnfa!J=l3.aO' 
Prepared by Geosynlec consultants Page 17 
Hvmow\DED6.00 Sm ooo929 0 1W62001 M hlaommpller .%terns 1 1 1 m  

Subcatchment JR: (new node) 

(bmoff = 3028dSo 1212hrs.vdlm5= 2ma1 

Tc Lem&l v z  cepecity Descriprion 
( I n m ) O  ) ( ds) 

9.6 80 0.0176 0.1 sheet mow. 

4.1 60 0.0830 0 2  sheet Flow. 
Grass:Shorl tkO.150 ph2.W 

Gran:Sholt eO.150 p2-2.W 

GlEssshul tko.150 m2.w 

W v e d  Kv=16.1fps 

6.4 150 0.1700 0.4 shee( Ram, 

0.5 190 0.1700 6.6 ~ C o n C e n t r a t e d R o r r .  

20.6 460 Total 

Subcatchment JR: (new node) 

2000 year stodight  
Prepared by GeoSynlec Consultants 
HsdmCAIXB 6.a) s/n ooo929 0 1986-2001 ADDM Microcomputer Svsterns 

Subcatchment K1R: (new node) 

Type 1124-hr Raiflla5=13.00' 
Page 19 

1 / 1 m  

1491 Hint: Tcddl may require smaller dt 

RunM = 7.09cfs 8 11.95 his. Volume= 0.378al 

Runoff by SCS TR-20 method. UH=SCS. Time Span= 0.W24.M) hrs. dl= 0.05 hrs 
T y p  I I  24-hr Rainlalkl3.OW 

Arealac) CN Descriplion 
0.382 91 

Tc Lenglh slope Vdodty Capacity Description 

4.9 33 0.0160 0.1 Sheal Flow. 
(min) (feel) (Nn) (WSeC) (CIS) 

Grass: Shea R= 0.1M P2= 2.W 

Subcatchment KlR: (new node) 
Hydrograph Plot 

. , , , . . . . , . .  
. / : . 1 1 ~ 1 . , ,  . .  . . , ,  . . . .  ' I . . . l i , .  a .  . . . . , . . . I .  . . . .  I . . , . .  

. , , , . . , , , , .  

. I I . l I , I . , I  
I , . , ,  . . . ,  I 
, , .  , ,  . , ,  , .  
/ , . I , . . . , ,  

. . _ _ r _ _ _  ~ . . ~  __.__ ~ __,_.._.,__ 

0 1 2 3 4 5 6 7 e D IO 11 12 13 14 15 16 17 18 IO 20 21 P n 24 
-1 * 

HVdmsraph Plot 

0 1 2 3 4 5 6 1 0 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Tlm m-ns) 

2OOO year stodight  Type I1 24hr Ralnf~k13.00' 
Prepared by Geosyntec Consuftants Page 20 
HvdrocADED6.00 Smooo929 01eSi-2Ml np~fiedMicrmm~uterSystems lllY2W 

Subcatchment K 2 R  (new node) 

Runoff = 4.62ds 0 1227 hrs. Volume= 0.505al 

Runoff by SCS TR-20 m e W .  UH=SCS. T m e  Span= 0.W-24.00 Ius. dl= 0.05 hrs 
Type I1 24-hr Ramlab13.00' 

Area(ac) CN Desniption 
0.530 88 

Tc Le@ Slope Vekdty Capacity DescripUon 
(min) (feet) (rn) (Wsec) (CIS) 

332 300 0.0110 0.2 met Flow, 
Grass: Short n= 0.150 p2- 2.60' 

02  23 0.0110 1.7 Shallow concentraled Flow. 
Unpaved Kv=16.1fps 

33.4 323 Total 

Subcatchment K2R: (new node) 



0.9 140 0.023 2.5 Sha(laCmrnbatadFlar. 

0.9 170 0.0375 3.1 ~ C o n a m b a t e d F I m w .  
Unpaved Kv=l&l fps 

unpaved Kr-16.1fps 

BolWd).W W.32' Z= 6.0 & 3.0s n= 0.030 
0 2  90 0.01ffi 7.0 346.69 TrepNeelRedQlarmelFbw, 

25.9 700 Total 

subcatchment L: runoneast of OSDF 

0 1 2 3 4 5 I 7 8 0 IO 11 12 I3 14 I5 IS I 7  18 10 W 21 22 W 24 

2ooo year stomlight 
Prepared by GeoSynlec Consultants 
IlydrOcADQ 6.00 Yn 000929 0 1986-2001 Appsad Miiommputer %terns 

. Jvpe 11 2 4 h  Ra/nfall=73.M)' 
Page 23 

lllY2004 

Subcatchment N runon east of OSDF 

Rundl = 98.78ds 0 12.27hrs. Vdume= 10.71881 

Runon by SCS TR20 method. UHSCS. Time Span= 0.0024.00 hrs. dt= 0.05 hrs 
Type II 24-hr Rainfab13.00' 

Area(ac) CN Descriplnn 
11.664 85 

Tc Length Slope Veladty Capacity Oesaiptb 
(ndn) (leet) (MI) (Wsec) (ds) 
26.3 3w 0.0198 0.2 sheat Flow. 

Grass:Shnl n=0.150 P2=2.W 

Vnpaved KV~16.1fps 

Bol.W=O.OU D=1.17 Z= 58.0 (L 3.07 i k O . 0 3 0  

5.7 770 0.0198 2.3 shallow cnrsnmed now. 

1.9 395 0.0109 3.5 144.39 TrapNeelRedChannelflow, 

33.9 1.465 TOM 

Subcatchment N runon east of OSDF 

110 
105 

85 
EV 
85 
00 
75 

ica 

2wo year s t d i g h t  
Prepared by OeOSyntec consultants Page= 
-6.00 SmoarnS 0 1886-2001 W- ersvrtems lllym04 

Subcatchment M: runon east of OSDF 

rlunoff = 54.37ds 0 1 2 3 6 k  Vdum= 6.718af 5 3 1 6 
Fhmoff by SCS TR2Omeulod CRtsCs, Time 
Type U 24hr Rabdakl3.W 

O.oO24.00 k dkO.05 Ius 

Arealac) CN Descriptian 
7234 86 

3.1 350 0.0139 1.9 sh;ma-Flow. 

1.4 (80 0.0167 2.1 S h a l b w ~ F l O w .  

2.0 360 0.0125 3.0 7.00 Tr@VedRectchanndRav. 

uhpaved KVE 16.1 fps 

Urpaved KV. 16.1 Ips 

~ . W = O . o ( l  IW.82 & 4.0 (L 3.0 P n= 0.030 
41.0 1.180 TOM 

Subcatchment Nt runon east of OSDF 

. . .  

Type 11 24-hr Rainfak73.00' 2OOO year stodight  
Prepared by GeoSynlec Consullanls 
Hy3roCW 8.00 Yn 03XI29 0 1986-2001 Applied M i c m m e r  Svstems 

Page 24 
l/ly2M)4 

Subcatchment 0. runon east of OSDF 

R m d l  = Q9.64ds(D 12.24hrs. Volume= 10.177af 

Runoff by SCS TR-20 method. UH=SCS. Tme Spar!= 0.0024.00 hrs. dt= 0.05 hrs 
Type II 24-hr RainlaIk13.00' 

Arealac) CN Description 
10.935 86 

Tc Len@ Slope Velocity Capacity Description 
(min) (leet) (Mt) (Wsec) Ids) 
26.2 300 0.0200 0.2 sheet -* 

Grass:SM n=O.150 P2=2.60' 

Unpaved Kv= 16.1fps 

Bot.w=o.w ki.17 z=w.o(L~.o'~ n=o.om 

3.1 420 0.0200 2.3 shallow cowmated flow. 

1.2 250 0.0109 3.5 149.13 TrapNec/RectChannelFlow, 

30.5 970 Total 

Subcatchment 0: runon east of OSDF 

wwaphplot 

I 
1 
1 



Subcatchment 0: runon east of OSDF 

Flrman = 14.59dsO 1221hrs. V&nnE= 1.432a1 

r)rmofi bv SCS TR20 memod UHSCS. TI Span= 0.W24.00 hm, &= 0.05 lux 

TcLengVl slopeVebdh/capadtyDa+dption 
(ntin) (feet) IWA) wsec) (ds) 
262 300 0.02oO 0 2  sheet flow, 

Grass: short kO.150 P2=2M). 
1.8 250 o.mm 2.3 shauow - Flow. 

0.4 170 aoim 7.9 ip67.78 ~ r e p ~ a d ~ e c ( c h a n n a ~ .  
Unpaved Kv=l&lfPs 

BotW=O.W D4.W L- 5.7 8 13.5 7 k 0.030 
28.4 720 Total 

2OOO year storm-ligM 
Prepared by GeoSyntec Consultants 

Type I/ 24-hr Rainlall=13.00' 
Page 27 

1IlYXw4 tiy&oC~wD 6.00 d n  cOw23 0 19862001 Applied MicrOCWnpUter SWems 

Reach 1: runoff channel 

1651 Warning: Inlet elevation not specaied 

Inflow = 63.03ds 0 12.02hrs. Volume= 5.057a1 
outflow = 60.41 ds 0 1209 hrs, Volume;. 5.048 af, Atten= 4%. Lap4.4 min 

Routing by Slm-l&Trm methad. T i  Span= 0.00-24.00 hrs. dk 0.05 hrs 
Max. Vekcily= 2.9 fps. Min. Travel Time= 2.3 ndn 
Avg. Velocity 1.2 fps. Avg. Travel T m  5.9 min 

Peak Depth= 2.04' 
Capacity at bank lUn= 2.565.53 ds 
0.00' x 8.W deep channel. n= 0.030 Length= 405.0' Slope= 0.0035 7 
Side Sopa Z-value= 6.0 4.0 7 

Reach 1: runoff channel 
Hydrograph Plot 

..... ~. ~..._ 
, , t I i a I I I  

.... .... .:.. L -  .r.. ,..I. .!..., . . . . , . ,  , ......................... ....,. . ~ - ~ .  .............. ,... . .  

.... ... .1..! ..>.. L. I. 

. I ,  , . , . . . I  . , . . . . ,  , , I  . . . . . . . .  , . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  % .  , I . , . , .  

. , , , I / ,  * I  ............................ . . .  - ........ ,_ .~..-.. ............ . . . . . . . . . . .  d - 
Y 

. . .  . .  . . . . . . . . . . .  4 

. . . . . . . . . . .  . . . . . . . . . . .  ............... .- ........,.... . 

2M10 year s t o d i g h t  
Prepared by Geosyntec Consultants 
- A m  6.M) Sm om929 0 1986-ZW1 Aw6ed h4laDYmmer Svstems 

Pap 26 
lll5mq 

53.1 6 Subcatchment TR (new node) 

(4q W3nt TcQdl may requh SnaOarcJl 

Subcatchment TR: (new node) 
WwmPh 

. . . . . . . . . .  . . . . . . . . . .  

o 1 2 3 4 5 s 7 n 9 10 i t  12 13 14 15 1s ir 18 1s 20 21 22 P 24 - FMn) 

2ooo year stomlight 
Prepared by GeoSyntec Consultants 
HydroCAWD6.W sln mZB 0 198€-2001 Applied Mirocanpurer Svsterns 

TVpe I/ 24-hr Rainfa//=13.00' 
Page 28 

l/ly2M)4 

Reach 2 runoff channel 

169 Warning: Inlet elevation not specified 

lnnow = 130.73dsB 12.10hrs. Volume= 11.565af 
Oulflow = 127.85dsB 1215hrs. Volume= 11.552a1, Allen=2%, Lag=2.8min 

Raning by SIm-lnd+Trans method, Time Span= 0.00-24.00 hrs. dk 0.05 hrs 
Max. Velocity= 4.3 fps. Min. Travel rime= 1.5 min 
Avg. Velaity = 1.7 fps. Avg. Travel T i  3.7 min 

Peak Depth= 233' 
Capam at bank Mt 2,054.66 ds 
o m  x 6.57 deep channel. n= 0.030 ~ength= 385.0' slope= 0.0064 7 
Side slope Z-value= 6.0 5.02 

Reach 2 runoff channel 

1 

1 

1 

1 

1 

1 
2 
h" 

. . , .  . . . . I  ......................... . . , . . . ,  . . .  I ,  , : , . .  
_ 1  ....... > .............. I ..... 
, . , . . . . . .  I 

..,. 
- 

. . .  

Tia (hoM) 



Reach 3 runoff channel 

..................... !!!=?E? p". ....... -- ..... -- . ~ .... - ... ., .... ..... . >-.! ...... :. .: ..!. ..:. . 

2OOO year s t o d i g h t  
Prepared by GeoSyntec Consuitants 
M o C A m 6 . W  smoM928 0 19882001 ApWed M i p u l e r  %ferns 

Tyjm 1124-hr RahfaU=13.00' 
Page 31 

1/15/2004 

Reach 4 ninoff channel 

1651 Warning: Inial elevation not specified 

InnOw = 268.53cfsO 12.18hrs. Volume= 25.998al 
Oufflmv = 264.05cfs B 12.20ho. Vdume= 25.871 af. AHemX. Lag=25min 

R w l h g  by Stor-I&Trans mlhod. Time Span= 0.W24.00 hra. dt= 0.05 hffi 
Max. V e k d I p  4.8 fps. Min. Travel Trrm= 1.4 min 
Avg. V M t y  = 2.0 fps. Avg. Travel Time= 3.3 min 

Peak Depth= 3.32 
Capadty at bank Mh 1.371.52 cfs 
0.120 x 6.14' deepchannel. n=0.030 Len!3th=395.U Slope=O.o050'f 
Side slope Z-value= 4.0 6.0 7 

Reach 4 runoff channel 

. . . . . . . . . .  ........ ~.~ ..,.. .,..,........ . . . . . . . . . . .  ........................ ............................ . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  ......................... _............. ............... 
- 
t - 
6 . . . . . . . . . .  . J . - ,  _.L_ ,-. l - .L  _ J _ .  I.-L.  >. . 

I ,  I . ,  , , ' I  I 
..,. .<.:. _ I _ _ < _ _ . _ _ J . _ L .  .L 
, I ' I I I . , . I  . . . . . . . . . .  ................. __r  ......... ............................ 
. . I  I ,  I S I . .  . . . . . . . . . .  

- , : I  8 , .  I I . . . . . . . . .  

Reach 3A: (new node) 

1401 ntnt No( Described ( - = )  53.1 6 

, ................... , . 

... . . . . .  i._,_l__ . . . . . . . .  . . . . . . . .  - 
5 
6 

...... 

o I 2 s 4 5 E 7 e o 1 0 i 1 1 2 t i t 4 t s t ( 1 t ~ 1 ~ ~ 0 ~ n P ~ 2 4  - (hM.) 

2000 year stomlight 
Prepared by GeoSyntec Consultants 
H@roCAWP 6.00 dn ooO929 e 19862001 &,plied MiCrOFOmPLder SKIEnS 

Type / I  24-hr Rainfa/k13.00' 
Page 32 

1115ROw 

Reach 5 runoff channel 

1651 Warning: lnlel elevation not spedied 

Inflow = 314.55cfs 0 12.18 ho. Volume= 31. tPal  
OUnlow = 310.32cfs8 12.22hrs. Vdurne= 31.092af. AHen=l%. -2.4min 

Aar t i g  by Slor-lnd+Trans m e M ,  lime Spare 0.W24.00 ho. dl= 0.05 IUS 
Max. Vekcily= 5 2  fps. Min Travel rime= 1.3 min 
Avg. Velodty = 2.1 Ips. Avg. Travd lim 3.2 rnin 

Peak D e p h  3.68' 
Capacity at bank lull= 840.15 cfs 
0.00 x 5.32 deepchannel. re0.030 Len+ 405.U Slopa=0.0050'1 
Side Slope 2-value= 6.0 3.0 '1 

Reach 5 runoff channel 
Hvdr-aoh plot 

. . . . . .  ................................................................... 
....................... ................................ . . . . . . . . .  . . . . . . . . . . .  .......................... 
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. . . . . .  

0 1 2 S 4 6 8 7 8 0 10 11 12 13 14 15 18 17 IO IS 20 21 P 2) 24 
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2OOo year stormlight Tvpe 1124-hrRaidakl3.W' 
Prepared by GeoSynlec Cansuitants Page 35 
nvdroCAOQB.OO sm Mo928 Q 1986-2001 W e d  Mkrccornpuler %terns l l l y2ooq 

Reach 7R (new node) 

165) Warning: InM elevation mt spediied 

inflow = 390.04ds 8 12.23hrs. Volume= 41.255af 
OutROw = 387.02&0 12.26hrs.Vdume 41.226af. Anen=l%. Lag=lt.7mhr 

R d n g  by Stor-lnd+Tran~ method. Time Span= 0.00.24.00 hrs. dt= 0.05 h s  
Max. Velocity= 7.1 fps. Min. Travel Time= 0.9 min 
Avg. Velodty 5 2.9 fps. Avg. Travel Time= 2.3 min 

Peak Depth= 3.w 
Capacity at bank Mt 1.293.72 ds 
0.w x 5.W deep channel, n= 0.- Lenglk 400.V Slope= 0.0100 7 
Side S!qm 2-value; 6.0 3.0 7 

Reach 7R: (new node) 

Loo 

2OOo vear stonrrliqhl Type I/ 2 4 h  Rainfall=13.W' 
Prepared by GeoSy?-ttec Consultants 
nydrDCm 6.00 dn 000929 0 18882001 Amlied M i p u l e r  svstems 

Page 36 
l/lY2004 

Reach 8 east runon ditch 

[65l Warning: ltdet elevaUm ml spedfled 

inflow = 54.37~3~ (D 12.36 hrs, Vdume; 6.718af 
Ournow = 53.84clsO 12.44hrs. Vdume= 6.705~1. Anen=l%. lag=4.6min 

W n g  by Stor-lndtTrans memod. Time 
 ax. vebcib 2.7 fps, Mh. Travel Time= 2.5 min 
Avg. Velocity = 1 2  fps. A g .  Travel Time= 5.8 mln 

0.00.24.00 hrs. dl= 0.05 hrs 

Peak Depth= 0.81' 
capaciry a1 bank MI= 1,794.23 ds 
0.00' x 3.01' daepchannel. n=O.030 k I g k 4 0 5 . V  Slope= 0.01007 
side slope z-vahre 58.0 3.0 *r 

Reach 8 east runon ditch 
Hydrogrsph Plot 

1. ....... 1 .  .... C _ _ I _ _ I  ..:.>..:.. . . . . . . . . . . .  
1 1 1 1 1 s 1 1 1 1 .  

, - . L  ................. i _ . 1 _ _ 1 _ _ 1 _ _  . . . . . . . . . . .  

. . . . . .  

. . . . . . . . . .  



2O00 year s t d l g h t  Type 112dhrReirrfael3.W' 

-6.m Smooo929 01986-2001Awb3Mlcmmn~erSyrtamr 
Prepared by Geosyntec CMUmants Pasen 

Reach 8R. (new node) 

[Eq Warning: Me( elevation E4 

lnRow I 404.97dsO 1224hrs.Volume= 43.805a1 
= 402.80ds 8 1226 hrs. vohmle= 43.784 af, Atten= 1%. -1.1 mb, 

by S I ~ - M + T ~  mamod. rm 0 . ~ 2 4 . 0 0  rn dt= 0.05 hn 0 elodty= 5.6 Ips. M h  Travel me= 0 7 min 
Avg. Velocity = 2.4 Ips. Avg. Travel b 1.6 min 

Peak Deplh= 424' 
capacitvat bankML=618Sds 

sideslope Z-mbe=&O 20'1 
o m  x 4 . w  deep dIannel. n= 0.030 LeIgb 2200 slope. o.Oo50 7 

Reach 8R: (new node) 
-p(at 

2ooo year s t d i g h t  
Pmpared by GeoSynIec consrdtants 
-6.00 Smooo929 01986-2001 A w G e d h c l c m m m ~ s v S t  w 1 S  
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Reach 9 east runon ditch 

[Eq Warning: Inlet elevabm E4 spsdflad 5 3 1.6 
WIOvr = 145.85dSQ 1232hrs.VOhlme= 17.423aI 
oumo* = 144.46dsQ 12.4Ohrs. VOhlme= 17391af. Atten=l?& Lag=4.3& 

R- by stw-tndt~ran~ memod. rm sparr= 0.0024.00 hrs. a= 0.05 hrs 

A~ v e ~ t y  = 1.5 ~ps. AQ. TIWI rme= 5.4 min 

Peakoeplh=1.16 

slde srope z-mbe= 60.0 3.0 -r 

 ax. Velodty= 3.4 Ips. Min. Travel Tme= 2.3 min 

Capecity at bank Mt 13.%U.~Vds 
0.W x 6.31' deep-, n=O.mO Lenglh=475.W Sbpe=O.Ot00S 

Reach 9 east runon ditch 
Hdmalmlh Plol 
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Reach 9R: (new node) 

1651 Warning: lnlel elevation MI specified 

Inflow = 404.93ds 8 1226hrs. Volume= 44.746af 
outflow = 40J.MldsB 12.27hrs. Volume=. 44.733af. Anen=O%. Lag=0.6min 

Rwling by Stor-IndtTrans memod. T i e  Span= 0.0024.W hrs. dt- 0.05 hffi 
Max. Velocity= 5.5 Ips. Mb. Travel lime= 0.4 min 
AQ. Velocity = 22  Ips. Avg. Travel lime= 0.9 min 

Peak Depth= 3.59' 
Capacity at bank frdl= 2,047.79 CIS 
4.35 x 6.96' deep channel. n= 0 . 0 0  Lengm= 120.W Slope= O.Oo50 'I 
side Slope Z-value= 6.0 3.0 'I 

Reach 9R: (new node) 
Hydragraph Plot 

....... 
. . , . / . I ,  ( .  . . . . * .  - 1 . 7  
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1/15Row HydroCALm 6.00 dn ooO929 Q 1986-2001 Aoplied Micmcmputer Svrtems 

Reach 1 O A R  (new node) 

1651 Warning Inlet elevation not specified 

Innow = 431.08cfs 0 12.26hffi. Volume= 46.955al 
OutROw = 427.54 ds 0 12.30 hrs. Volume= 48.909 af. Allen= 1%. Lag= 2.0 min 

Rmmg by SIor-lnd+Trans method. Time Span= 0 0024 00 hrs, dl= 0 05 hrs 
Max V e h t p  5.5 Ips, Min Travel Tme= 1 1 nun 
Avg Vebaty I 2 0 tps. Avg Travel Time= 3 0 mm 

Peak Deplh= 3 19 
capacity at bank lulh 1,992 86 ds 
10 12' x 6 '23' deep channel, n= 0 030 Le- 365 (I Slope= 0 0050 7 
Side slope ,?-value= 3 o 6 o 7 

Reach 10- (new node) 
Wrwraoh Plot 
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ATTACHMENT C-1B 

2000-YEAR STORM DESIGN SCENARIO - MODERATE VEGETATION 
2000-YEAR9 24-HOUR STORM EVENT 

F033OO3 1-1 00%- 100% 



-IR:(nanode) 
T-10.4 rnm C N S 9  kea=Oboo ac RMdt= 9.58 d s  0.643 a! 

!3bcfltchnmnt J: nmon east of OSDF 
Tc=43.5rnh CN=90 Area=1242%c Runon=9.2Ods 1207al 

Subcatchinern JR: (new node) 
Tcd9.7 rnh ot99 Ama2.520 ac R d =  24.56 d s  2.692 al 

Sub&dmmt K: m n  east of OSDF 
T d 1 . 1  rnh CN=86 Aree2.623 ac Runolk 14.89 d s  2.426 at 

2050 year stormmoderate T y p  //Z&hrRainfal/=lb00' 
Prepared by GeoSynlec Consultanls Page 3 
HvdrocAwD 6.00 dn ooo929 0 1986-2001 APDM Micrmputer  Systems l / lY2004 

ReWhrn(newnode) Infiow= 340.29 ds 41.190 a! 
Len+ 400.0' Max Veb 6.8 Ips Capacity= 1.293.72 d s  OUnlows 337.91 ds 41.160 al 

In(& 43.39 dr 8.697 a1 
Len+ 405.U Max Vel= 2.6 lp Capacitp 1.794.23 ds OUnbw= 43.13 ds 6.683 a1 

I"llOw= 355.64 CIS 43.736 a1 
L e n e  220.~7 Max Veb 5.5 Ips Capacitp 618.57 d s  OUnlou= 354.1 1 CIS 43.715 a! 

Reach 9: east m n  ditch W h 1 1 8 . 3 5 d s  17.375al 
Len+ 475.0 Msx Veb 3.3 Ips Capacitys 13.339.82 d s  OUn)ow= 117.63 CIS 17.342 a1 

Inflow= 356.17 ds 44.676 a1 
L e  12O.U Max Vek 5.3 Ips Capacity. 2.017.79 ds OM*- 35522 ds 44.653 al 

lnflonn 380.81 cfs 48.876 al 
L e n e  365.0' Max Vel= 5.3 Ips capacitp 1.992.86 ds OMb- 378.18 ds 48.832 at 

Inflow= 190.17 ds 27.495 al 
L m g h  l7O.U Max Veb 4.9 lp C a p a e  1.267.78 d s  OMlonn 189.81 ds 27.402 al 

RunoffPIea~78.109as Voham=78.OSSal AverageDepth=11.99' 

Reach 8: east nmondilch 

Reach 8R: (new node) 

Reach 9R (new noda) 

Reach 1 O A R  (new mde) 

Resch 11: (new node) 

wbrn 200.13 d s  28.81 1 al 
olrmau; 2oO.13 ds 28911 al 

Reach4nmotlchannel wlan 222.92 d s  25.855 af 
Length= 395.0' Mar V e t  4.6 lp Capadp 1,377.52 d s  Catlkm= 220.51 d s  25.927 al 

R e a c h S n m o f l ~ l  -266.10ds 31.07281 
Lmgllk405.U MaxVek4.9Ips Capsar840.15ds Oml Im=W.4Ods 31 .Mla l  

l n l h  30727 d s  36.326 at 
Length=490.ff MaxVel=S.llps cepaCar1.011.11ds ~ ! 3 3 . S d s  38.283a1 

Reach6NllOffchan~l 

Reach7:eastNnondRch 
L e n e  395.0' Max Veb 0.0 lp capadlr 24288 ds amtom 0.00 ds 0.m al 

2oM) year stonmoderate 
Prepared by GeoSyntec Consultants 
t W n C A D @  6.00 shlO00929 0 1986-2001 App(led Minowmputer Svslerns 

Page 4 
1/15/2004 

T w e  / I  24-hr Rainjak13.00' 

Subcatchment A vegetated final cover 

Rumn = 27.84ds B 12.17 hrs. Volume 2.78Oaf 

RunoH by SCS TR-20 method. U H S C S .  Tune Spa- O.CW24.00 hrs. dt= 0.05 hrs 
Type II 24-hr RaInlalb13.00' 

Areafad CN Descriptian 
2.601 99 

Tc Length Slope Velocity Capacity Desxriplbn 
fmin) (leal) (fvlt) f fvsg) (ds) 
10.1 90 0.05oO 0.1 Sheet Flow. 

5.5 60 0 . 1 m  0.2 sheet flcw. 

9.3 150 0.1700 0.3 sheat flow. 

0.5 190 0.1700 6.6 Shallow Concentrated Fhw, 

Grass: Dense n= 0240 P2= 2W 

Grass: Dense n= 0240 P2= 2.W 

Grass: Dense n= 0240 P2= 2W 

Unpaved Kv= 16.1 Ips 
25.4 490 Total 

Subcatchment A: vegetated final cover 
llvdrmraah P M  



Subcatchment 8: vegetated final cover 

Hvdroenphm 

. . . . . . . . . .  

2OOO year storm-moderate 
Prepared by GeoSyntec Consultants 
WcCD 6.00 Sm W28 0 1985-2M)l Amlied Miaocan~uter Syslerns 

Tvpe 1124hr Rainfaf/=l3.00. 
Page 7 

1/15/2004 

Subcatchment D: vegetated final cover 

Runon = 49.42cls 0 12.19hrs. Volume 5.072aJ 

RWIOII by SCS TR-M method. UH=SCS. T I  Span= 0.00-24.00 hm. dl= 0.05 hrs 
Type II 24-hr Rainfan=l3.W 

Tc Lenglh *e Vebdty Capacity oesuiption 
(min) (feet) (WH) (Wsec) (CIS) 
10.1 90 0.O5Oo 0.1 sheet Flow, 

5.5 60 0.1Ooo 0.2 sheel flow. 

9.3 150 0.1700 0.3 SheetFlaV. 

0.5 180 0.1700 6.6 Shallow cancmdmted flow, 

Grass: Dense E 0.240 FZ= 260' 

Grass:Dense ~ 0 . 2 4 0  P2=2.W 

Grass: Dense P= 0.240 P2= 2.60' 

Unpaved Kv= 16.1 Ips 
0.6 200 0.0083 5.7 254.88 TrapNeelRestChannelflow. 

0.6 150 0.0045 4 2  170.16 TrapNeelRestchan~dflow. 
8oLW=O0.0(I C-=2.86' Z.6.065.0'f ~ 0 . 0 3 0  

BO(.W=O.W ~-2.w z=~.oa.to'r n=o.wo 
26.6 830 Told 

HgQDgnPhm . . . . . . . .  . . . . . . .  ............. I ..... - --...... ...... . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  
. _ . . _ _ . . _ I _ _ L _ _ L  __,__ ,_.I J. - 1. . 1 _  _ I  .A,._ , . _ : _ _ a _ .  1.. . . . . . . . . .  . . . . . . . . . . .  
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2000 year stormmoderate 
Prepared by GeoSyntec Consultants 
HvhoCAWJ 6.00 dn OOO928 0 1988-2001 Applied Mirmputer Svrlems 

Type 1124hr Ra/nfa/!=I3.00' 
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Subcatchment DDR: (new node) 

Runon = 13.59cls 8 12.01 h. Volume= 0.922af 

R d  by SCS TFI-20 memod. UH=SCS. Time Span= O.OLW4.00 hrs. d- 0.05 hm 
Type II 24hr Rainfak13.00' 

Area(=) CN Description 
0.860 99 

Tc Lenglh slope Vefccity Capaaly D d p U o n  

9.8 150 0.1500 0.3 sheel flow. 

0.9 330 0.1500 6 2  W l o w  concentrated flow. 

(min) (leet) (Wn) (Wsec) (-3s) 

Grass:Dense mO0240 P2=2.W 

Unpaved Kv= 16.1 Ips 
10.7 480 Total 

Subcatchment DDR: (new node) 
H)drograph Plol 

............................. L.>.. . . . . . . . . . .  . . . . . . . . . . .  
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Tc slope Veloay Capacity DeSOiplkm 
(hl (feet) m) (Wsac) (as) 
10.1 90 0.05oO 0.1 sheet Flow. 

5 5  60 0 . 1 m  02 -Ror. 

9.3 150 0.1700 0.3 --, 

0raO:Deme n=o240 ph2.w 

GrEssDense n=o240 ph2.w 

Grass Deme n= 0.240 P2= 2W 
0.4 170 0.1700 6.6 ShalbwcarnrtrahdFkIw. 

0.2 50 0.W45 4.6 253.27 Tr@VeeffktChmmI Flar, 

0.8 320 0.0105 7.0 346.69 Tr@Vee!ReclQlmnel Rav. 

Unpaved Kv.16.1tpS 

BOLW=O.M w.z ZE 6.0 K 4.0 *r n= 0.m 

~ot.w=o.m CIS.= z= 8.0 K 3.0 *r n= 0 .m 
26.3 840 TOW 

Subcatchment E w t a t e d  final cover 
-m 

_ _ L  ........ * _ _ L _ _ C _ > . . J . . I _ _  . . . . . . . . .  . . . . . . . . .  
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2OOO year stominoderate rvpe //zdhr~ainiall--13.~)- 
Prepred by GaoSyntec Consultants Page 11 
HydmcADQ 6.00 Sm Mo829 0 1986-2001 Applied M i i m p u l e r  Systems l/lY2004 

Subcatchment Fm: vegetated final cover 

R u m  = 26.02~3~0 12.17hrs. Volume= 2.576al 

Runoff by SCS TR-20 melhod. 1RtscS. Time Span= 0.0024.00 hs. dl= 0.05 hrs 
Type II 24-hr Rainlall.13.W 

A r e a ( R C )  CN Dascmplnn 
2.410 99 

Sope Vebdty Capacity Desuiption 

9.6 85 0.oMo 0.1 sh=A flow. 

4.8 50 0.1m 0 2  sheet Flow. 
Grass: Dense -0.240 P2=2.W 

Grass: Deme n30.240 P2= 2.- 
9 3  150 01700 0 3  sheet flow, 

0 4  160 017W 6 6  Shallow concmtrated Flow. 
Grass Dense n=O240  P2=260' 

Unpaved Kv= 16.1 fpS 

Bot.W=O.CU D3.4(1 L 6.0 6 3.0 'f n= 0.030 
0.9 365 0.oOy) 6.7 914.80 TrapNeelRedChannelFlow, 

25.0 810 Total 

Subcatchment FFR: vegetated final cover 
Hydrograph Plol 

.......... .......... -.. 
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Subcatchment F: vag&ted final cover 
HvdmmeDh Plot . - .  
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Prepared by GeoSyntec Consultanls 

Subcatchment G: vegetated final cover 

Runoff = 51.56ds0 1219hrs. Volume 5 . m a f  

RunOn by SCS TR-20 method. UHSCS. Time Span= 0.0024.00 hrs. dlr 0.05 hn 
Type I1 24-hr Ralnlak13.00' 

Area(ac) CN Description 
4.946 99 

Tc Length Slape Velocity Capacity DesuiPUon 

10.1 90 0.05w 0.1 sheet flow. 

5.5 60 0 . 1 m  02 sheet Flow. 

9.3 150 0.1700 0.3 shset Flow. 

0.4 175 0.1700 6.6 SMlow concentrated Flow. 

1.2 370 O.Oo50 5.3 357.57 Tr;lpNrrlRedchaMel Flarr. 

(ndn) (lee!) (Wn) ~Wsec) (CIS) 

Grass: Dense n=0.240 P2-2.60' 

Grass: Deme n=O.240 P2=260' 

Grass: Demo n= 0.240 P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BO~.W=~.O[I ~ - 3 . 8 6  z = ~ . o K B . o * ~  r~o.030 
26.5 845 Total 

Subcatchment G vegetated final cover 
Hydrograph mol 

. . . . . . . . . .  
I .  

. .-. .,. . , . . ~  __. . _r_  . . . . . . . . . .  
. . . . . . . . .  

-1 

.. -574 



led CN lkawial 

10.1 90 0.05oO 0.1 --. 
4.6 50 0.1WO 02 Shea( -. 
9.3 150 0.1700 0.3 - -, 
0.4 160 0.1700 6.6 ShanDIbncsnbatsdFbW, 

0.7 400 0.0100 9.8 1.429.92 Tra@VeeiR&charmelRa*, 

Grasp'Deme rEo240 F%2w 

Grasp'Dema reo240 -260. 

Grasp'Deme rE.0240 F%2w 

Unpaved Kv=l&lfps 

Ec4.W.O.W k5.m Z= 3.0 8 6.0 'f f!= 0.030 
25.3 850 T W  

Subcatd~ment HR: wgetateci Rnal cow 

2OOO year storm-moderate 

HvdroCAaB 6.00 d n  ww29 0 19862001 Awliad Micmmmmef Swtmr 

Subcatchment IR: (new node) 

Type /I 24hr Rainfak13.00' 

111 SROM 
Prepared by GeoSynlec Consultants pass 15 

Runoff = 9.58 ds 0 12.01 hrs. Volume= 0.643af 

R u d f  by SCS TR-20 method. U H S .  lime Span= 0.00-24.00 hrs. dt= 0.05 hrs 
Type II 24-hr Rainfall=13.00' 

Area(ac) CN DesmWon 
0.600 99 

Tc Length Slope Velocity Capadty Description 

9.8 150 0.1500 0.3 ylea Flow, 

0.6 22U 0.1500 6.2 shsnow concMbstsd flow, 

lmin) (leet) (M) (Wsec) (ds) 

Grass:Dense n.0240 P 2 = 2 6 W  

Unpaved Kv= 16.1 Ips 
10.4 370 Total 

Subcatchment IR: (new node) 
Hydrograph P M  

. , , . . . , . . ,  

, , . , . . I , . ,  , . , , . . , . I . ,  

8 . .  I , , . . . .  

2 3 4 5 11 7 (I 0 10 1 1  12 IS 14 15 16 I7 18 IO 20 21 22 P 24 
lbm (hMI) 

E 
b 

Page 16 
2OOO year storm-moderate 
Prepared by GeoSynlec ConsuRants 
HydroCAwD6.00 sln ooo929 0 18862001 A w b e d  Micraanpuler Systems lllsnooq 

Subcatchment J mnon east of OSDF 

Rumff = 9.20dsO 12.39hrs. Volume= 1207af 

Jvpe //24-hr Rah/a//=13.00' 

Runoff by SCS TR20 m W .  UH=SCS. Tlm Span= 0.00-24.00 hrs. dl= 0.05 hn 
Type II 24-hr Rainfan=13.W 

Tc Lenglh Slope Velocity Capacity DeWrip(i0n 
indn) (feel) (Wfl) (Wsec) (cfs) 
41.9 300 0.0158 0.1 shea -. 

Grau:Deme r ~ O . 2 4 0  PZ=P.W 
0.8 100 0.0158 2.0 shallow c4nrrnbsted flm. 

0.8 150 0.0035 3.2 86.88 TrapNaelRedChannelflow. 
Unpaved Kk16.1 Ips 

Bol.Wr0.W D=2.?-3' G 6.0 8 4.0 7 n= 0.030 
43.5 550 T O M  

Subcatchment J: runon east of OSDF 



(ac) CN Descnpbon - 
(irasrDema n=o240 P%2w 

Gra+rDema e0240 P252w 

(irasrD.3r5.3 rt.0240 P%2w 

lbrpaved Kr16 .1  b 3  

1x9 80 0.0176 0.1 sheet Ron. 

6.0 €0 0 . W  02 shea now. 

9.3 150 0.1700 0.3 shea Row. 

0.5 190 0.17W 6.6 ~ c o n c e n b . a w R o v .  

29.7 480 Total 

subcatchment JR: (new node) 

............. .-._I__ ...... 

0 1 2 3 4 5 (I 7 8 0 10 11 12 13 14 15 10 17 18 10 P 21 22 P 24 
lh9 m-=) 

2OOO year stormmoderate 
Prepared by GeoSyntec Consultants 
thdroCAD@G.W ah ooo929 01986zM)l Applied Micrmputer Svstems 

Type /I 24-hr Rainfdk 13.00' 
Page 19 

1115/2004 

Subcatchment K1R: (new node) 

Runoff 6.63ds (P l l . 9 8 h .  Volume= 0.376al 

Runoft by SCS TR-20 melhod. UHSCS. Time Span= 0.00-24.00 Ius, dl= 0.05 hrs 
Type II 24-hr Rainfak13.W 

Arealac) CN Descriptian 
0.382 91 

Tc Lenglh slope Velocity Capadly Desuiplh 

7.1 33 0.0160 0.1 sheet flow, 
(min) (feel) (WH) (fvsec) (cfs) 

Grass: D e w  n= 0240 P2= 2.60' 

Subcatchment K1R (new node) 
tibdroarrsoh Plot 

0 1 2 3 4 5 8 7 (I 0 10 11 12 13 14 15 18 17 18 ID 20 21 22 P 24 

2OOO year stormmoderate 
Prepared by GeoSyntec Consultants 
HvmoCAD@G.W Sm 000929 0 19862001 &plied Microcomputer Svrtems 

Subcatchment K2R: (new node) 

Tvpe I/ 24-hr Rainfallil3.w' 
Page 20 

llly2cQ4 

RuMft = 3.60cfs 0 12.45hrs. Volume= 0.5mal 

Runoff by SCS TR-20 m e W .  UH-SCS. Time Span= 0.0024.00 hK. dl= 0.05 hrs 
Type II 24-hr Rainfak13.M)' 

Area(ac) CN Desaiptm 
0530 88 

Tc Lenglh Slope Velcdly Capacity 0ascripti.m 
(mln) (feet) (WH) (fvsec) (ds)  . 
46.4 3w 0.0110 0.1 sheet flow. 

Grass:Deow, e0.240 p2=2W 

Unpaved KV=16.1fpS 
0.2 23 0.0110 1.7 Shallow Concentrated Flow. 

46.6 323 TOM 

Subcatchment K 2 R  (new node) 
. . . .  . . .  . . .  . .  , . .  . " .  
. . .  , : . , . :  . . . . . . . . . .  / , .  ................ ... ..._....._. ........._....._... 

000576 



Tc Lenglh slope VeWty Capacity Desaiplan 
[rrbn)  lee et) (Mi) (nrsec) (&) 
36.9 300 O . m s 0  0.1 shed mw. 

Grass:Deme m0240 h 2 . W  

Unpaved Kv= 16.1 Ips 

lhpaved Kv=l&l Ips 

Eol.W=O.@Y W.32' Z=6.08 3.07 -0.030 

0.9 140 aw5o 2s ShaIl0a-k. 

0.9 170 0.W5 3.1 YraIlOrr-FlCn, 

02 90 aoio5 7.0 m.w ~ l a p ~ e e l ~ e d c h ~ n d ~ o r s .  

36.9 700 Total 

Subcatchment L: runon east of OSDF 

. .  . . . . . . . .  ....-.... . . .  : , . . . . . I  

. . . . . . . . . .  .............................. 
$ 3 . 1  . .  I , . .  ...... L .  ...................... . . . . . . . . . .  . . . ,  . . . . .  ... ..................... 

_ . L _ _ . _ _ > _ _ 1 _  _ L  ......... I..'.., 
. . . . . . . . . . .  . . . . . . . .  

. L .  .... .I..:..,.. .. _I ..#. .. . . . . . . . . .  . . . .  

0 1 2  3 4 5 6 7 8 0 1 0 1 1 1 2 1 ~ 1 4 1 5 1 ~ 1 7 1 8 1 E W ~ 2 2 ~ 2 4  
lhn (hoM) 

2oM) year stomwnoderate 
Prepared by GeoSyntec Consultants 
HyhOCAC@J6.00 sln m29 0 19862001 Applied M i c m m e r  Swems 

Type 1124-hr Rainfaik13.00' 
Page 23 

l l l s n ~  

Subcatchment N runon east of OSDF 

Runon = W.52CIsa 12.42hrs. Volume= 10.692al 

Rundl by SCS TR-20 memod. UKSCS, l ime Span= 0.0024.00 hrs. dk 0.05 hrs 
Type II 24-hr Rainlak13.W 

Area(ac) CN DescripUon 
11.864 85 

Tc Length slope Velocity Capeciry Description 
(mln) (feet) (MI) (Wsec) (CIS) 
38.3 300 0.0198 0.1 sheet Flow, 

Grass: Deme n= 0.240 P2= 2.W 
5.7 770 0.0198 2.3 shallow concmtmed Row. 

Unpaved Kv= 16.1 Ips 

B0l.Wd.W D=l.lT 2=!58.083.07 n=0.030 
1.9 395 0.0100 3.5 144.39 TrapNee/RactChaMelFIow, 

45.9 1.465 To(al 

X 

B 
15 

a 

Subcatchment N runon east of OSDF 
Hydrograph Plot 

. . . . . . . . .  

............_I ..... d _ . h _ _ L  _ _ I _ _  
' I . , , .  I , , ,  ....... __i. -__, ..... L _ _ & .  ..... 
I . ? ,  . . . . . .  
:..E. I....., .. I . . I . . L . . . . . .  ... . .  . . I  . . . . .  

. . I I , .  
I , , . , , . . ,  . . I . , .  

, 1 2 3 4 5 6 7 8 0 I O  I 1  12 13 14 I5 16 17 IS 18 20 21 22 W 24 

44/76 

Subcatchment M: runon east of OSDF 

Rundl = 43.39dsO 1255hrs. V- 6697aI 

Rundl by SCS TR-20 method. UHssCs, TrM Span= O.oQ24.m hrs. dl= 0.05 hrs 
Type I l24-l~ Rairdak13.W 

Area (ac) CN Desaiotion 
7234 86 

"3 = g " ~ C a p a ~ o e s a f p t n n  
( r m n ) O O [  ) I )  
50.3 300 0.OlW 0.1 sheet Row. 

Grass:Deme n = O 2 4 0  -2.W 

Unpaved Kv=16.1Ips 

Unpaved Kv= 18.1 Ips 

3.1 350 0.0139 1.9 s h a a o t * ~ A a .  

1.4 160 0.0167 2.1 S h a O W ~ F l C n ,  

20 360 0 . 0 1 ~  3.0 7.m ~raplveel~edchar~rr(~l0~. 
~ot.w=o.@~ W.BZ z= 4.0 a 3.0 *r n= 0 . m  

56.8 1.190 Total 

Subcatchment M runon east of OSDF 

. . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  
. . . . . . . . . . .  . . . . . . . . . . .  
I , a . , , . . , . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . .  
__-_.._ ......_..___.._.._.... I 

. _ _ _ _ _  _.__, ._ ...-_. _. ........ . . . . . . . . . . .  . . . . . . . . . . .  

0 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18 10 20 21 22 W 24 
(hM.) 

2000 year stomwnoderate Type 11 ~a in~= i3 .00 '  
Prepared by GeoSyntec Consultants 
HydrcCAD@ 6.00 dn ooo929 0 1986-2001 A p D M  Micrmputer  Svslems 

Page 24 
lllY2W4 

Subcatchment 0 ninon east of OSDF 

Runon = 80.34cts(D 12.38hrs. Vdume= 10.152al 

Runon by SCS TR-20 melhod. UHSCS. Tune Span= 0.0024.00 Ius. dk 0.05 hrs 
Type II 24-hr Rainfaltl3.W 

Arealac) CN Descriplion 
10.935 86 

Tc Length slope Velocity Capacily Oescriptnn 
(mtn) (feet) (Mi) (Wsec) (CIS) 
38.1 300 0.02oO 0.1 sheel Flow, 

Grass: Deme n=0.240 p2= 2 .w  

Unpaved Kv= 16.1 fps 
3.1 420 0.02oO 2.3 ShalbwcOKentrated Fla. 

12  250 0.0100 3.5 149.13 Trap/Ve&bctChannel Flow, 
B0I.Wd.W D=I.IT Z=W.083.07 11=0.030 

424 970 TcW 

Subcatchment 0 runon east of OSDF 
nvdrrmradl Plot 

..................... 
. I . / ,  . . . ,  ............ 1L.1. ..........,.. 
I . . S I . , . ,  

o I 2 3 a 5 6 7 8 E I O  1 1  12 13 14 IS 18 17 18 18 m 21 a w 24 
r- mourn) 



. . . . . . . . .  * , I I I , . I S I  .......... _. . .......... ............................... 
, , , , . * , I .  . . . . . . . . . .  
, * , . . , , . I  

2OOO year s t o m m o d e a t e  
Prepared by GeoSynlec Consullank 
t+&ccnaB 6.00 Sm ooo929 0 1886.2001 Awlied M u m m e r  Swems 

Type I/ 24-hr Rainfall=13.00' 
Page 27 

lllsR004 

Reach 1: runoff channel 

[6!j Warning: Inlet elevation nol specifled 

Inflow = 51.77ds (P 1205hffi. V o h m e  5.052af 
outf~ow = 50.12cfs B 1213hffi. V d u m  5.043af. Ane=3%. Lag=4.5min 

Max. V e M W  2.8 fps. Min. Travel T m  2.4 mln 
RouUng by Slor-lnd+Tram malhod, Tm S p l =  OaO24.00 hrs. dl= 0.05 hffi 

Avg. VdodIy = 12 fps. Avg. Travel Time 5.8 min 

Peak Depth= 1.m 
0.w x 8.28 deep channel. n= 0.030 Length= 405.u s!Gpe= 0.0035 'f 
CapaaIy at bank MI= 2.565.53 cfs 

Side Slope Z-value= 6.0 4.0 'f 

Reach 1: runoff channel 

Hvdraaraah Plot 

. . . . . . . .  
. . . . . . . .  . . . . . . . . . . .  

, .  , , , , * I  . . . . . . . . . .  
+ ................... .... .... .... > . . . . , ,  . . . . . . . .  . . . .  

, , ' : , . . s , r l  / > , , / , . I .  __._ ................ .,.A. ................ ............... . . . . . . . . .  . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  

...... _ _ _ r  ............... ....,..,.. ~ ....... ~ ..... ........ 
. . . . . . . . . . .  : I I I . ,  I I 1  

~ 

L 

_,._L._.-_ I ....... .-. . I _ _ ,  . . . . . . . . . . . .  . . . . . . . . . ,  ..,..,..,........,.. !.-... .. . . . . . . . . . .  

0 I 2  3 4 5 6 7 6 9 l O l I 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 0 X ) ~ ~ ~ ~ 4  
Thr I-) 

Subcatchment TR (new node) 

1491 Hht TcQdl may r e 4 m  snmllerdl 

FIunon = 0.73dso 11.96hn. vahml6= 0.04Oaf 

Fhmd by SCS TF4-20 method, U H S C S .  Thm S ~ I ? =  0.0024.00 hn. dl= 0.05 hrs 
Type II 24-hr Rainlan=13.W 

Area(=) CN Descriptlar 
0.040 91 

TcLenglh slope VelodIycSpadty CleswWm 

5.5 40 0.0460 0.1 sheet -. (min) (feel) (Rm) (WSeC) (&) 

Grass:Dense n=O240  -2.W 

Subcatchment TR (new node) 

nvmqpaph- 

................... . . . . .  .. . .  , . . . . .  . . . . . . . .  ....................... 

............ .......... . . . . . . . .  
. . . . . . . . . .  __,__ ......... r .  ,. . , - -r .  - ~ .  .,. - . . . . . . . . . I  

. . . , , .  . . . .  . . . . . . . . . .  
. . . . . I  . . . . .  

__,__ ..,_. 

0 I 2  3 4 5 6 7 8 0 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2 ~ 2 4  
T- I-.) 

2OOO year stommoderate 
Prepared by GeoSyntec Consultants 
HVQOCACYB 6.00 Yn OW929 0 19862001 Applied Microcomputer SWms 

Type N 24hrRalnfak13.W 
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I / lNooq 

Reach 2 runoff channel 

1651 Warning. Inlet elevation no1 spedtied 

1nf10w E 105.85cIsB 12.17hffi. Volume= 11.55Oaf 
Outflow = 104.63ds B 12.22hrs. Volume= 11.536af. Anen= 1%. Lags3.Omin 

Routing by Slor-lnd+Trans m e W .  T m  Span= 0.00-24.00 hffi. dt= 0.05 hrs 
Max. Velocity% 4.1 fps. Mi. Travel Tim 1.6 min 
AVQ. Ve(0City I 1.7 fps. Avg. Travel Time= 3.7 min 

Capaciry a1 bank Mt 2.054.66 ds 
0.00' x 6.57 deep charmel. n= 0.030 Length= 385.U Slope= 0.0064 7 
Side Slope Z-value= 6.0 5.0 7 

Peak Depvt. 2 1 6  

Reach 2: runoff channel 

. . . . . . . . .  
1 

1 

..... 2.. ............. 2 . .  .. . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  
. . . . . . . . . . .  
... .,..? .. L.  ?. .:. .... 2.. 1 . 

:.. _I  ..'..I _ _ I _  .:.. 1. .? . /.. 

. . . . . . .  . .~. - .,. _,_. ., .. ~. .,-- . . . . . . . .  . .  / . . . .  . . .~ .,. ., . ~ - .  , . .r. ,. . . . . . . . .  : : , . . , / . .  
- 

....... 
Y 
4 

. . . . . .  ....................... 
, , , . . . . . I  . . . . . . . . . .  . . . . . . . . . . .  ...... .-. .. . I _ _ I _  ... .....-.-.. . . . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . .  

. ~ . .~ .  

0 I 2  3 4 5 6 7 8 B 1 0 l 1 1 2 I 3 1 4 I 5 1 6 1 7 1 ~ 1 9 2 0 2 1 ~ ~ 2 4  
Thr (hoM) 

000578 



2ooOyearstommwhite rvpe 11 z4-hr mw= 13.w- 
Prepared by Geosyrrlec Consultants Page 29 
-6.00 s I n ~ 0 1 ~ 2 m l ~ h l i c r c c u n Q l t e r S K t m s  111 yToo4 

Read, 3 lunoff channel 

I65)w- I I d a l ~ L i O n ~ ~  

= 161.73dSO 1222b, Volume= 19.04al 
= 160.07 dS 0 1226 hrs, V c d u m ~  19.016 al. Allen= 1% L89.2.5 min 

S t o r - W T m  memod Tnne Span= 0.0024.00 hrs. dl= 0.05 hrs a &city= 5.1 e. b. Travel The= 1.3 min 
A ~ V e l ~ c i l y = M ~  AL'g.TWTme=Slnin 

PeaJtDepm=265 
rararny at bank frlb 1.590.57 ds 
0.W x W deep clmrmd, n= 0.mO Lengttr= 4U5.U slope= O.KV5'f 
side slape Z-valus. 3.0 6.0 7 

Reach 3 runoff channel 

w-wwl- --. . .___. ........ .- ..... __ . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . .  ........................... .. ........... ... .... . . .  

, , . , > . I  

0 1 2  3 4 5 8 7 8 8 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 ~ P W ~  
Thr m--s) 

2ooo year stommoderate 
Prepared by GeoSyntec Consultants 
HWc€AW 6.M s/n ooO929 0 1986-2001 Appred Mlcrccmpuler Svslems 

rvpe 11 24hr Rainfafk13.00' 
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1115Roo4 

Reach 4 runoff channel 

[6q Warning: lnlel elevation not spedfied 

InRow = 2n.92cls (D 12.24hrs. V d w -  25.955al 
Ournow = 220.51 d s  0 12.29 hrs. V d m =  25.927 at. Anen= 1%. Lag= 2.6 rnin 

Raning by Slor-lnd+Trans method, T I  Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Velacity= 4.6 @. Min. Travel Tme= 1.4 rnin 
Avg. Velodly = 2.0 Ips. Avg. Travel lime= 3.3 rnin 

Peak Depth= 3.W 
Capacity a1 bank luk 1.377.52 d s  
0.00' x 6.14' deepdtmnel. n = O . W  Lengh395.U slope=O.oo5o'f 
Side Slope Z-vaiue= 4.0 6.0 7 

Reach 4 lunoff channel 
W o - h  Uol 

... ....... ... ... . .  I . . . . .  . . . . . . . .  
, . . I . , , .  . .  / I . . . .  

..--.--- .-...... 

- - - 
1 .... L . >  ............ ......... 

I . . . . . ,  . .  . . . . . . . . .  
.:........a __-. > . _ I _ _ L _ i _ _  . . . . . . .  I S  . . . . . . . . .  
. . . . , . .  . .  . . . . . . . . .  

; 

.... ...,..,.. L.J ...... ..__. 

0 1 2 5 4 5 8 7 8 8 10 11 12 I3 14 15 16 17 18 19 20 21 P W 24 
Tima (baa) 

0 1 2  3 4 8 E 7 8 0 l O l I 1 2 1 5 1 4 1 5 1 1 f f 1 8 1 ~ 2 0 ~ ~ W 2 4  
Tbs WI-1 

T y p  N24-hr~fdki200' 
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2OOO year stommoderate 
Prepared by GeoSyntec Consultants 
HVdroCADm 6.00 dn OJ09.79 0 19882M1 ADPW M-omwer Svsfemo 

R e a d  5 runoff channel 

(65.1 Warning: Inlet elention not specified 

Inflow = 266.1Ods (D 1227 hrs. Volume= 31 072al 
Oumow = 263.40ds 0 12.31 hrs. Volume= 31.041 al. Allen=l%. Lag=Z.!jndn 

R d n g  by Star- lrd+Tm memod. Tlme Span= 0.M24.00 hrs, dl= 0.05 hrs 
Max. Velodty- 4.9 Ips. Min. Travel Tim= 1.4 min 
Avg. Velocily P 2.1 Ips. Avg Travel Time= 3.2 min 

Peak Depth= 3.46' 
Capacilyat bank MD W.15 ds  
0.W x 5.32 deep channel. n= 0 . W  Len@= 405.v slope; 0.w507 
Side Sbpe Z-V&= 6.0 3.0 'f 

Reach 5 runoff channel 
Hvdromsah mm 

. . . . . . . . .  . . . . . . . . . . .  ............................. ....... ..-........ .... , . . ~ .~ - -  . I , , , .  . . . . . .  . . . . , . . .  ....... .L -d .  .,.-t. ......... ................... . . . . . . . . .  . . . . . . . . .  . _ _ A , _  

. . # . I . .  . .  . . . . . . . .  . , ,  
I ' . .  , . # , , * , . I  

..... .................. .- .......-.......... . . . . . . .  ....... L .. ...I.. I .. ...,..,.. 3 ..,__ ............... ~.~ ...... .-.. . . . . . .  I , . .  ........ ... ....... l., .... .L.>. .2 ..... >-. 
I . . . . . . . . .  , I I , . . l I , .  . . . . . . . . .  . . . . . . . . . .  

, , I , * . .  -.-...... >..---- ....... z-.,. .............. L.A ..... - _ > _ _  . . . . . . . . . .  . . . . . . . . . .  
......... .....,.. I _ . i  .... r..;. .,-.,.. .,..,_. ..... (.. I _ _ ~ _ _  . .  . . .  . . I , / . ? .  

0 1 2 3 4 5 8 7 8 8 IO 11 12 13 14 15 16 17 18 18 20 21 P W 24 
n4 npun) 

000579 



Reach 6 runon channel 
Hydrographm 

. . . . . . . . . .  . . . . . . . . . .  .................... . ._____- 
I I I I . . . . .  . . . . . . . . .  ....... L.J.....,. .1. .1.: . .  

. 1  .. ?.....1 .............*..... 
. , .  . ,  . . , , ,  . , . , . , ,  1 .  * 

0 1 2 3 4 5 6 7 8 0 10 11 12 13 14 15 16 17 18 19 20 21 ZZ 23 24 
nm m--) 

, 
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2Ooo year stomwnoderate 
Prepared by GeoSynrec Gmsultants Pace 34 
-6.m sinmoomn~ 01986-2001 ~ ~ ~ ~ ~ w m a m p u l e r ~ y s t s m s  1115Roo4 

Reach 7: east runon ditch 

p3l HW Has IY) wlow (outRovr3am) 

mHbw P 0.Wds 8 0.Whrs. vdulne= 0.OOoal 

IWdhg by S t~ - lnd+Tr~n~  meulod. Tbne Span= 0.00-24.W hffi. dl= 0.05 hrs 
Max. Vekcjly= 0.0 Ips. Min. Travel Time.. 0.0 min 
Avg. Vebdy = 0.0 fps. Avg. Travel Tine= 0.0 min 

Peak Depth= 0.w 

0.w x 3 . 1 ~  11=o.030 L.ZIQWI=~ZLSS.W skp=o.om*r 
side sbpe 2.- 4.0 3.0 *r 
Capacay at bank Mt 242.B8ds 

R e a c h >  east runon ditch 

. . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . .  
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2ooo year stormmoderate 
Prepared by GeoSyntec Consultants 

rvpe 11 z44hr ~alnfau=i3.w 
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W o C A D ( B  6.00 dn WO929 0 1986Mo1 ADolied MkrocmWer Systems l / l w o o 4  

Reach 7R: (new node) 

1651 Wamlng: Inlet elevation not specified 

lnAow = 340.29ds (P 12.32hrs. Volurw= 41.190al 
OuMOw = 337.91ds8 12.35hrs. Vdumk- 41.160af. Ansn=l%, La(F1.8dl 

Routing by Stor-lnd+Trans m e W .  lime Sp- 0.00-24.W b. dl= 0.05 hrs 
Max. Vebcity. 6.8 Ips, Min. Travel Tim= 1 .O nin 
Avg. Vebdty = 2.9 Ips. Avg. Travel Time= 2.3 mln 

Peak D e p h  3.32 
Capadly 81 bank lult 1.25372 ds 

side %ape Z-value= 6.0 3.0 7 
0.w 5.49 deepchannel. = o . m  ~ength=4w.v slops;o.oiw*r 

Reach 7R: (new node) 
Hur(.mnnh Plat 

2OOO year stommoderate 
Prepared by GeoSyntec Consultants 
HvhocAL%¶ 6.00 dn ooO929 0 19862001 Applied MiCrmputer S~;lems 

TVpe 11 Z4-h Ralnfak 13.00' 
Page 36 

l/ly2oop 

Reach 8: east runon ditch 

(69 Warning: Inlet elevation not specifled 

Inflow = 43.39cl.s 0 12.55hrs. Volume= 6.69781 

Routlng by Slor-lnd+Trans method. Tm Span= 0.00-24.W hm dk 0.05 hrs 
Mar Velocity. 2.6 Ips. Mn. Travel Time.. 2.6 dl 
Avg Veloaly = 1.2 Ips. Avg. Travel Time= 5.8 & 

OUMaw = 43.13ds(P 12.63hrs. Volume= 6.687aI. Anen=l%. Lag=4.8min 

Peak D e p h  0.74' 
Capaciry at bank MI= 1,79423 ck 
0.w x 3.01' deep ehannel. ,-t= 0.030 Le- 405.0' S- 0.01 00 7 
side slope z - v ~ u ~ =  58.0 3.0 *r 

Reach 8: east runon ditch 
..,-- ~ - ~ . .  . 

,...'..I. . ~ .  ,.. *. _, .... .~ .  .F_  ~. . . , , , 0 8 ;--I.+- ................. ............... 
I 

' ' 0 r ;-.;.. . . . . . .  . . . .  ..... ....... l . . ' . . i . . . . . . . . , . .  1 .  .'..'..,.....................'..).. 

. . . . .  I . . .  

. . .  . . . , . ;  

. , . % . ,  . . . .  
......... ..,-. 2 _ _ L  ..,.. ........ 
.- .~ ....................,..,. .......... ~ . . ~  ..,..,..... .... . . .  .,.............-.-.....-._I.. 

, I  . . , . I . , ,  _,__,__ ~ _ i . _ / _ _ i _ _ _ _  i _ _ c  _,_. .... , . . ~  .., ..,......... ,. _,. ..,.. ~ . . ~  .,.. 

- -8.. I. _I. _I__ 1 . -&  . -9. . . , .  I I I  

0 I 2  3 5 6 7 8  0 1 0 1 1 1 2 1 3 1 4 I 5 ~ ~ 1 7 1 1 ) 1 9 2 0 2 1 P P U  
Tbu  (ban) 



Reach9 east Nnonditch 

[&qWarrdq l n l a l e l e v a t & r m t ~  

hdbvr = 118.35dsO 1249hrs. Vohrme 17.375d 
OUmm = 117.63dsO 1 2 5 6 h  Vdume= 17.342d. AUt?n=lX. k p 4 . 3 m h r  

ZOO0 year stommoderate 
Prepared by GeoSyntec Consultants 
HydroCAa86.00 dna)o929 0 1985-2001 Applied MicrmDutersVstans 

T p  N24-hr Rainfd/=13.00' 
Page 39 

llly2004 

Reach 9R: (new node) 

165) Warning Inlet elevatan no4 spedlied 

Inflow = 356.17ds8 12.36hn. VOhnne= 44.676af 
outflow = 35522 CIS 0 1237 hrs. Vohme= 44.663 af. Atten= O??. kg; 0.7 min 

R d n g  by Stor-IndiTmns method, Time Span= 0.00.24.00 hn. dL 0.05 hrs 
Max. Velociiy= 5.3 Ips. Min. Travel Trne= 0.4 rnln 
Avg. Velocily = 2.2 Ips, Avg Travel l%m= 0.9 min 

Peak Depth= 3.41' 
Capadly al bank lull= 2,047.79 ds 

Side Slope Z-value. 6.0 3.0 P 
4.35 x ~ . w  deep m e l .  n= 0.030 ~engv1= i2o.v slope= 0 . m ~  

Reach 9R: (new node) 
Hldroarnnh PIOt 

0 1 2 3 4 5 8 7 8 0 IO 11 12 13 I4 15 18 17 18 I9 20 21 P 0 24 
-0 

2OOO year stormmoderate 
Prepared by GeoSyntec Consultants 
* A m  6.00 .?Jn 000929 0 le862001 M o d  Mluommputer Svslems 

Type N 2dhr Rainfa//= 13.00' 
Page 40 

lllY2004 

Reach 10AR (new node) 

[65] Warning: Inlet e l e v a h  no1 spedtied 

Inflow = 380.81 ds 0 12.36hrs. Vdume= 48.878al 
0umow = 378.18 ds 0 12.40 hrs. VdumeE 48.832 af. Allen= 1%. Lag= 21 min 

Rouling by Slor-IndiTrans memod. Time Span= 0.03-24.00 mS, dt= 0.05 hrs 
Max. Velocity= 5.3 Ips. Min. Travel Time= 1.1 rnin 
Avg. Velaily = 2.0 fps. Avg. Travel Tim 3.0 mh 

Peak DepUI- 3.01' 
Capacityatbanklult 1,992.85ds 
10.12 x 6.33 deep channel. . n= 0.030 L e n e  365.W slope O.M)50 7 
Side slope z-value= 3.0 6.0 7 

Reach 1 O A R  (new node) 

woswhm 

- 
d 0 

E 
1 

0 1 2  5 4 5 8 7 8 0 1 0 1 1 1 2 1 3 U 1 5 1 8 1 7 1 8 I 0 2 0 2 1 P 0 2 4  
Tlnr ow-) 
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! 
Regh 3R (new node) 

. .  . . .  

Tvpe 1124-hrRalnlaU=13.00' 
Page 4 

HvQocMx88.m #no00929 019862001 AmEedMiimmerSysfems lil5Roo4 

Subcatchment A: vegetated final cover 

Runofl = 27.64h0 1217hm. V d m  2.780a1 

Rumfi by SCS TR20 method. UMCS,  Time Span= 0.00-24.00 hrs. dk 0.05 hrs 
Type II 24-hr Raintaltl3.W 

Area(ac) CN Desdptlon 
2801 89 

i 

000584 



rn year stormheavy 
Prepared by GeoSynIec Consultants Page 7 
liv&uCm 6.00 sh oow29 0 19882001 Awned M l o m m W  %ems 1115/2004 

Subcatchment D: mgetaWi final cow 

R ~ m f l  E 47.7'7 ds Q 1221 hn. Volume 5.070af 

R& by scs TFI-P method. UH=SCS. n m  o.ooz4.00 m. 0.05 hrs 
Tvpa II 24hr RawaO=13.00' 

Area(ac) CN DescriDlk?I 
4.746 69 

Tc bnevl scCp0 Vddty capadty Desdptbn 

10.1 90 0 . m  0.1 shea mw. 
5.5 60 0 . 1 m  02 shwl Row. 

9.3 150 0.1700 0.3 sheet mw. 
0.5 180 0.1700 8.6 ShidloWchcerhMFilnv, 

(mln) (feat) (MI) (Wsec) Cds) 

Grass: Dense n = O 2 4 0  F2=2W 

Grass: Densa -0240 p252W 

Grass: Dense n=O240 P2-1Z.W 

Unpaved Kv.16.l(PS 

BolWE0.W M . W  25 6.0 8 5.0 'f n= 0.070 

BolW=O.W M . W  Z= 6.0 6 4.0 'f n= 0.070 

1.4 2M) 0.0083 2.4 10924 T r a @ V ~ ~ F & w ,  

1.4 150 0.0045 1.8 7293 Tra@VeefReckCIwmelFla. 

28.2 630 Total 

SubcatchmentD:mgetaWifinalcow 

myearstormheavy Tvpe I1 24411 lwnfa&l3.00' 
p r e p a r e d b y ~ y n t e c ~  Page 6 

Subcatchment DDR: (new node) 

HVdroCAWD6.00 Smmo828 0198g2M1 AwRedMkmputerSystem lllmooq 

R U M  = 13.59~3~ 0 12.01 hrs, Volume= 0.922aI 

lime Span= 0.0024.00 hrs. dl= 0.05 hrs 

Tc Leneth slope V z  -:2 ~ P U o n  
9.8 150 0.1500 0.3 sheet Row, 

0.9 330 0.1500 6 2  shallow comeldrated Aar. 

(min) (feet) (Mil ( ) ( ) 

Grass: Dense n= 0.240 p252W 

unpaved K=lRlfm 
10.7 480 Total 

slmcatchment DDR: (new node) 

000585 



. .  (ASz %%:E%-”””” 
10.1 90 0.05oO 0.1 shset -. 
5.5 6o 0.1000 02 sheet Ror. 

9.3 150 0.1700 0.3 

0.4 170 0.1700 6.6 S h a u w ~ F l O w ,  

0.4 50 0.0045’ 20 108.55 TRpNaslRedchsmlRor. 
BOLW=~.W (MZ G 6.0 4.0’1 E 0.070 

1.8 320 0.0105 3.0 148.58 TrfqWea-RsdCknnelFbrr. 
~acw=o.w m3z z=6.0&ao-r ~ 0 . 0 7 0  

(jrsrsDense m0240 p2.260- 

-Dense -0240 -260- 

EZ:?z n=o240 P2=260- 

Unpaved Kv= 16.1 fps 

27.5 840 Total 

subcatchment E vegetated flnal cover 

2OOO year stonrrheavy 
Prepared by GeoSynlec Consultants 
thdmcm6m h m 9  0 18862001 b p r d  Micmcanputer Systems 

Type I/ 2 M r  Rahfaikl3.W 
Paw 11 

Subcatchment FFR: vegetated final cover 

Rlm~fl = 25.32dsl3 1218hrs. V d w  2578al 

Runoff by SCS TR-20 nk3mod. UHSCS. T i  Span= 0.0024.00 hrs, db 0.05 hrs 
Typa II 26hr Rainfaltl3.W 

Arealac) CN Desnir, tion 
2410 99 

Tc % V k z  T 2  DescripUon 

9.8 85 0.05oO 0.1 sheet Ra. 

4.8 50 0.1ooo 0 2  - -* 
9.3 150 0.1700 0 3  sheet -. 
0.4 160 0.1700 6.6 s h a o o w ~ m w .  

21  365 O.Oo50 2 9  39208 TmpVeetUe~ichwnelAOW. 

(min) ( 1 ( ) I ) ( 

Grass:Dense R;o.240 p2260- 

Grasr:Dense -0.240 P2=260. 

Grasr:Dense ~ 0 . 2 4 0  -2.60- 

Unpaved Kv. 18.1 fps 

EoLW=O.W M.49 E 6.0 & 3.0 7 E 0.070 
282 810 Tcdal 

Subcatchment FFR: vqetakd final cover 

T c T  Ski.$V~Ca=%&yDe=-mon 

shed -, 
GfaSDfnse -0240 p2260- - -. 
GrsslcDense -0240 p22.60- 
shed -. 
(jrsrsDema E=o240 -260. 

Unpaved Kv. 16.1 @6 

( m t n ) O  ( ) (  ) ( 1  
10.1 90 0.05oO 0.1 

5.5 60 O.lO00 02 

9.3 150 0.1700 0.3 

0.4 175 0.1700 6.6 ShsOaCarsnhatedRow, 

27 360 O.Oo50 22 150.56 TrapVeeReeIolaMelRa. 
mw=o.w -6s zp 4.0 L 6.0 ‘r E 0.070 

28.0 835 Total 

Subcatchment F: m e d  final cover 
twwwhm 

subcatchment G vegetated final cover 

Rundf E 49.93dsl3 122ohn. V d m  5284al 

RL~OH by SCS TR20 melhod. UH=SCS. Time Span= 0.0024.00 hrs. dl= 0.05 hrs 
Type II 24-hr Rainfall=13.00‘ 

Area(8.z) CN Descliplim 
4.948 m 

Tc Lenem Slope Velodty Desclrpaon 
mhl) (feel) (wn) Wsec) ( ) 
10.1 90 0.05oO 0.1 sheet Fbu. 

5.5 60 0.lmO 02 - Flaw. 

9.3 150 0.1700 0.3 ShsetFlOw, ’ 

0.4 175 0.1700 8.6 shanow ancem&d Flow, 

27 370 O.Oo50 2.3 153.25 TrapNedRgtchannelFkrrr. 

Gras?EDenut -0240 p2260. 

Grass:Dfnse reo240 P2=2.60- 

Grass: Deme re 0240 p2 2.60. 

Unpaved Kv. 16.1 fps 

Bo(.Wd).W D=3.%3’ & 3.0 & 8.07 re 0.070 
28.0 845 Told 

Subcatchment G vegetated final cover 



Subcatchment HR vegetaW Knal cover 

Fhnmff = 48.2?&8 1216hrs.Vdtin~= 4.805td 

by scs TFWU memod. UH=SCS. ~ l m e  s p =  0.m24.00 IUS, dt 0.05 hn 

lial 

2-  . = g v ~ y D e s c r f p t m  

10.1 90 0.0500 ai - Ra. 

4.6 50 0.1ooO 0 2  shsd -. 
9.3 150 0.17'00 0.3 . sheet-. 

0.4 160 0.1700 6.6 ShaOar-Fla. 

W D e m e  a-Do.240 P2=2.w 

GrarCLh-69 a-Do240 a 2 w  
W D e m e  a-Do240 -260- 

Unpaved Kv= 16.1 Ips 

BOtW=o.W D5.m L 3 . 0 8 6 . O Y  n=o.om 
1.6 400 0.0100 4 2  61282 T r a p N e P l R e c t F b w .  

262 850 Total 

Subcatchment HR vegebtd final cover -- . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  

I . . , , , .  . . . . . . . . . .  

. , I  c , , , , .  I _.__,__ L..L_L-.- ....... -__I__ . . . . . . . . . .  
I I I I . . I I I .  . . . . . . . . . .  

o i 2 a 4 5 8 7 e D io 1 1  12 13 14 15 i o  17 18 i o  m z i  P P 24 

a 
2OOO year s t o r n 4 ~ v y  
Prepared by GeoSyntec Consultants 
HydroCAIXB6.00 sh a929 0 10882ooI Amtied Mbarmmeler svslans 

Subcatchment IR: (new node) 

Type 1124-h Rahfakl3.W 
Page 15 

11- 

Rllnoff P 9.58dsO 1201  IS. Volmne= 0.643a1 

Runoff by SCS TR.20 melhod. UH-SCS. lime Spam 0.0C-24.00 hn. d b  0.05 hn 
Type II 24-hr Rainfalbl3.M 

Area(ac) CN Desdption 
0 . m  99 

Tc Lergm %g Velodty 
-;V (mm) (feel) ( ) ( Wsec) ( 1 

9.8 150 0.1500 0 3  sheet Flow, 

0.6 220 0.1500 6 2  shalbwconcenbatcdFlo*. 
Grass:Deme E O 2 4 0  -260- 

Urmved Kv=16.1fpt 
10.4 370 Total 

Subcatchment Iff (new node) 

. . . . . . . .  
, , , . . . I  I . . 1 1 1  . . . . . . . . . . . . .  

m- 

2oM) year stonheavy Tvpe //24-hrRawak13.M)' 
Prepared by GeoSyntec Consuttants Page 16 
-8.00 shoo0929 019882M1 AppbdMiaommputer- lily2004 

Subcatchment J mnon east of OSDF 

Fbmoff = S.WCfS(P 12.40hrs. Volume. 1.207al 

Runoff by SCS TR-20 method. uH=scs. Tim Span= 0.0€-24.W hrs. dD 0.05 IUS 
Type II 24hr Ralnfafk13.W 

Tc Lenglh Skpe VelodIy cSpaciw LMufplh 
Imin) (feet) Itvn) (Wsec) (cfs) 
41.9 300 0.0158 0.1 sheet flow, 

W D e m a  m0240 -2.W 

Ullpaved Kv=16.1 rpS 

BoLW=O.W W33' L- 6.0 6 4.0Y a - ~  0.070 

0.8 100 0.0158 20 shallowthummtdFlo*. 

18 150 0.0035 1.4 37.24 TrqvVe&3ectQlaMelRow. 

44.5 550 Total 

Subcatchment J runon east o f  OSDF 

000587 



1 3 9  Bo 0.0176 0.1 - Ran. 

6.0 60 0.- 02 -. 
9.3 150 0.1700 0.3 -Rar. 

0.5 190 0.1700 6.6 sh;m*canxdmwRor, 

ctrasrroeme ma240 -26r 
Gratt:DBnse mo240 p22w 
Grsa-DBnse E0240 -260. 

llnmvad KnISlcrS 
29.7 480 T d  

2OOO year stomheavy 
Prepared by Geosyntec Consultants 

Type I/ 24-hr Ra/nfa/kl3.W 
Page 19 

t k t m C ~ 6 . 0 0  SmMo929 0 1 8 8 6 2 0 0 1 ~ ~ ~ s Y r t e m S  111 SROW 

Subcatchment K1R: (new node) 

Runoff = 6.63cfst3 11.98hfs. V d m m  0.378af 

Runoff by SCS TR-20 melhod. UH=SCS. Tm Span= 0.0024.00 h. dl= 0.05 hfs 
Type I1 24-hr Rainlalbl3.W 

Arealac) CN Desnlpllon 
0.382 91 

Tc Lenem w d S W  oesalpaar 

7.1 33 0.0160 0.1 --. lmfnl (feel) IW I 1 ( l 

GrssrrDenr, mo240 ph2w 

0 

. .  . 

myearstonrrheavy Tvpe 1/24JlrRa/nfa//=13.0°’ 
-red by GeoSyntec Consultants P a p  20 
HvmocALX96.00 slnoM)929 019882w1 A~pMMlaaoman FT .%terns lllsnopi 

Subcatchment K2R: (new node) 

Runoff = 8 6 0 c f S 0  12.45IUS. volume= 0.5a3Sl 

Runoff by SCS TR20 method. uN=scs, Tbne Span= 0.0024.00 Ius, & 0.05 his 
Type 11 24-hr RainfaC=13.o(r 

Arealac) CN Descri~lbn 
0.530 88 

48.4 300 0.0110 0.1 SbeI  -. 
Grass:DBnse n=0240 b 2 . W  

lbpaved Kv~16.1 crS 
02 23 0.0110 1.7 S h a I l o V r ~ R a r .  

48.6 323 Total 

subcatchment K2R (new node) 
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9 ~j 
e 7  

4 

3 

1 

0 1 . 7 .  3 4 5 0 7 8 0 10 11 17. 13 14 15 16 17 10 19 20 Z2 P 21 
T h o  0-w 

Typs I1 24-k Ralnfalkl3.W 
paes 23 

HVdmCA!33S.OO Smwo92B 018882001 A ~ M k r c c a n W ~ ~ e r n s  

Subcatchment N NnOn east of OSDF 

Runolt = ?7.52ds8 1245hrs. V d w  10.687af 

Runoff by SCS TR20 methad. UH=SCS. Tono S p  0.W24.00 hrs. db 0.05 hrs 
Type I1 244w RainfaU=l3.W 

Aree(ac) CN Deswwbn 
11.664 85 

Tc LengU~ Stqm Velocity Capadty Desaiption 
(nin) (leet) (MI) (Wsec) (ds) 
38.3 300 0.0198 0.1 Florv, 

Grass: Dense n= 0240 p2. 260- 

Unpaved Kr-16.1fp 

B0tW;O.W Ckl.17 L58.083.0'r m0.070 

5.7 770 0.0198 2 3  shsaowcaDeldratedRon. 

4.4 395 0.0100 15 61.68 TrapNeeRectQlanneIRoa. 

48.4 1.465 Total 

Subcatchment 0 tunon east of OSDF 

Runoff - 76.19ds 8.12.40 hrs. Vdume= 10.149 at 

Type It 24-hr Flainlabl3.W 
RuMff by SCS TR-20 memod, UHXS. Tono Span= 0.0024.00 hrs. 6- 0.05 hrs 

Arealac) CN Descriptian 
10.935 86 

Grass:& mo.240 p22.w 
3.1 420 0 . m  2 3  s h a l l o w ~ R o l * .  

Unpaved Kv= 16.1 tps 
2 6  ZW 0.0100 1.5 63.91 TrapNaslRedChZUldFla. 

BoLW4.W Ck1.17 Z= 60.0 h 3.0Y m 0.070 
44.0 970 Total 

Subcatchment 0: Nnon ead ot OSDF 
~rdmms~h  vim 
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0 

. .  m ! 

Reach 2- runoff channel 

[q warning: lntet eleval!ul no( spedlied 

InAow = 104.36dSO 12.23hrs. V d m  11.538af 
ovlffow D 1M.73ds(P 12.32hrs. VOlum~= 11.513af. All*%. l a p 5 . 4 m i n  

RouUq by Sta-wITrsns memod. Tbne Spam O.OW4.W hrs. dk 0.05 hrs 

Avg Velocity E 0.0 Ips. Avg Travel T m  7.0 mln 
Max. Velcdiy= 22 Ips, Mln. Travel The= 3.0 mln 

Peak oepap 294' 
cepacitvat bank Mb 880.57 cts 
0.w x 6.v deepehamurl. m0.m LeIgIh=385.(1 slope0.0064'f 
Side slope 2-v&?= 6.0 5.0 7 



2OOO year stomFheavy Tvpe 1124-hrRal1dalk13.00' 
Prepared by GeoSynlec Consultants Page 31 
lWmCAC06.00 OD3828 0 1886-2001 npDaed Mlcmcomwler Svnems lllmopp 

Reach 4: runoff channel 

[65l Warning: Wel elwaUon not spedfied 

Infiow = 236ZLdSO 1234hr3, Volume. 25.911af 
outflow = XG.76 cf5 8 12.42 h V d w  25.859 af. Anen= 1%. Lag= 4.9 min 

Roulhg by stor-IndtTran$ mevod, T i  Sparr= 0.W24.00 hr3, dl= 0.05 hm 
Max. V e b d l p  2 4  Ips. hAR Travel T i  2 7  ndn 
Avg VeJdly = 1 .O @. Avg Travd Time= 6.3 min 

Peak Daplh=4.12 
caps* ai bank* 590.38ds 
0.w x 6.14- marines t ~ =  0.070 m.u slope; 0 . 0 0 ~  -r 
side sbpe z-~hlg. 4.0 4.0 -r 

1 

2oooyearstormheavy Tvpe I1 24-h.r Ralnfak13.00' 
Prepared by GeoSyntec ConsulIants Page 32 
HvdmcAaB6.00 &OM928 B198E2MlA~pliedWrmmmpvler~tems 

Reach 5 nmoff channel 

1651 Warning: Inlet elevation not spedRed 

mRow = 238.6Ods0 1239hm, Volume= 31.OWal 
OulROw = 234.19 Cts 0 1247 hm. V d u m  30.942 af. Atten= 1%. Lag= 4.7 min 

Raning & Sta- lndtTm mamod. Time Span= 0.W24.00 h e ,  dl= 0.05 hrs 
Mar Vakdly= 2 5  fps. Yn Travel Tim= 27  min 
Avg VeWly = 1.1 fp, Avg Tmel T i  6.1 min 

000591 
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Reach 8: east runon dach 

[6q WamfYF Inlet elavatbxl nct SpeCikd 

Inflow = 41.83 ds 0 12.59 hrs. Volume= 6.693af 
Oumav = 4121 ds (P 1274 Ius, Volume= 6.667 a f ,  AU- 1%. L a p  8.9 mln 

M n g  by Slor-IndtTran~ method. Tbne Span= 0.00-24.00 hrs. d b  0.05 hm 
Mar Ve!u%p 1.3- M h  Trave4 Time. 5.0 min 
AW vetaily = OB m, A V ~ .  TWG~ m ias rnh 
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Reach IOAR:  (new node) 
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a 

0 

SUBCATCHMENT AREA AND EiyDROCADm INPUT PARAMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

2OOO YEAR sM)RM DESIGN SCENARIOS 

mnan cast of OSDF 69 73 86 10.94 65% B 
35% C man cast of OSDF 79 

Q 

TR 

m a n  cast of OSDF 69 74 87 1.52 50% B 
50% C mnoneasCdOSDF 79 

layk C conrtnvtion Support 82 82 91 0.04 

,a NIA - Noc Applicable 

2Ooo Year section c AttaChmenwc2 
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Client: Fernald Project: Fernald OSDF Phase V Projecflropod No.: GQ1342 TaskNo: 17.4 

SEDIMENTATION EVALUATION OF PERMANENT DRAINAGE 
CHANNELS FOR HIGH-FREQUENCY STORM EVENTS 

PURPOSE 

The purpose of this package is to present an evaluation of the capacity of 
permanent channels associated with the Fernald On-Site Disposal Facility (OSDF) to 
resist accumulation of eroded sediments during high-fkequency storm events (i.e., a low 
flow scenario). The 2-year 24-hour design storm event is considered for this evaluation. 
The hydrologic analysis results necessary to establish flows for the 2-year 24-hour 
design storm event were obtained fkom the calculation package titled “Phase V Surface- 
Water Management System Design and Post-Closure Hydrology”. 

APPROACH 

The approach adopted in this package is to calculate a “maximum particle-size” 
corresponding to flow characteristics (i.e., velocity or tractive stress) in each drainage 
channel that will not be stable in the bed of the drainage channel. This implies that all 
sediment particle sizes smaller than the calculated maximum particle-size will be 
subject to movement (hereinafter referred to as “incipient motion”) in the direction of 
flow for the conditions analyzed. The calculated maximum particle-size is compared to 
a site-specific envelope of laboratory particle-size distribution, which represents the 
range of particle sizes comprising surficial soils along permanent channel alignments 
and within the OSDF borrow area. For the purpose of this evaluation, permanent 
drainage channels are considered to be drainage channels within and south of the OSDF 
area expected to be in place at the end of Phase V construction. 

METHODOLOGY 

Three methods are used to evaluate the maximum particle-size expected to be 
subject to incipient motion under flow conditions considered for each drainage channel. 
Two methods correlate the flow velocity in the channel to a maximum particle-size (that 
is subject to incipient motion), and one method correlates the tractive stress in the 
channel to a maximum particle-size. 



GEOSYNTEC CONSULTANTS Paee 2 of 22 

Client: Fernald . Project: Fernald OSDF Phase V Project/Proposal No.: GQ1342 TaskNo: 17.4 

Method 1: Shield’s Method [Vanoni, 19771. The Shield’s method provides a 
correlation between the shear stress in the channel and a maximum particle 
diameter subject to incipient motion. The Shield’s Diagram used with this 
method is provided in Figure 1. As shown in Figure 1, the shear stress is 
expressed in terms of a dimensionless shear stress; and the particle diameter is 
expressed in terms of the Reynolds Number for flow at the boundary of the 
particle. For computational purposes, Shield’s Diagram may be represented 
using the equation [USACE, 19951 provided in Figure 2. Figure 2 also provides 
a graph for this equation relating particle diameter directly to the dimensionless 
shear (also called the Shield’s Parameter). For calculations performed herein, 
the equation provided in Figure 2 is solved to obtain a maximum particle 
diameter, which will be subject to incipient motion due to the calculated tractive 
stress in the drainage channel. 

Method 2: Hjulstrom’s Curve [Hjulstrom, 19351. This method relates the 
mean velocity in the channel and the particle diameter to one of three phases: 
erosion; sedimentation; and transportation. Figure 3 provides Hjulstrom’s 
Curve. A straight line boundary is provided between transportation and 
sedimentation phases. For calculations performed herein, an equation for this 
straight line is used to obtain a maximum particle diameter which will be subject 
to transportation’(considered for the purposes of this calculation to correspond to 
incipient motion) due to the calculated velocity in the drainage channel. 

0 Method 3: Mavis & Laushey Relationship [Vanoni, 19771. Similar to 
Method 2 described above, this method provides a straight line boundary 
between transportation and sedimentation phases by relating the mean velocity 
in the channel and the particle diameter. Figure 4 provides this relationship. 
Similarly to Method 2, an equation for this straight line,.is used to obtain a 
maximum particle diameter which will be subject to incipient motion due to the 
calculated velocity in the drainage channel. 

CALCULATIONS 

Critical Particle Diameter. 
maximum) particle diameter based on Methods 1,2, and 3 described above. 

Table 1 presents calculations for critical (i.e., 
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Particle Size Distribution Curve. An envelope of particle-size distribution for 
surficial soil samples collected and tested as part of the 1996 Test Pad Program 
is presented in Figure 5.  This envelope presents the range of particles that are 
expected to be present along permanent drainage channels. The envelope was 
developed from particle-size distribution curves presented in the report “On-Site 
Disposal Facility Test Pad Program Final Report” [GeoSyntec, 19971. These 
particle-size distribution curves are presented as Figure 6. Test samples are 
identified in the report as upper horizon brown till which comprises the surficial 
soil layer for the OSDF and borrow areas. A statistical comparison of particle- 
size diameters fi-om the testing of 42 upper horizon brown till samples (obtained 
from locations distributed across the OSDF and borrow areas) and the Figure 5 
envelope shows a consistency between the two sets of data. 

RESULTS AND CONCLUSIONS 

Calculation results presented on Table 1 show maximum particle sizes from the 
three methods to range from 3.6 mm to greater than 60 mm. n e  minimum of the 
calculated maximum particle sizes for each method ranges from 3.6 mm to 4.32 mm. 
This range is shown plotted against the site-specific envelope of laboratory particle-size 
distribution on Figure 5.  The minimum of this range (Le., 3.6 mm) corresponds to 91% 
finer by weight on the minimum curve (See Figure 5). Based on this comparison, 
approximately 90% of the soil particles that form the bed of permanent‘ drainage 
channels are expected to be resistant to significant sedimentation fiom the high- 
frequency storm event considered. 

Based on the results presented above, permanent drainage channels are expected to 
exhibit a low potential for sedimentation after closure of the OSDF. 

e 

j .. . 
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FIGURE 1 

SHIELD'S DIAGRAM 
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FIGURE 2 

SHIELD’S DIAGRAM - COMPUTATIONAL METHOD 
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FIGURE 3 

HJULSTROM’S CURVE 
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FIGURE 4 

MAVIS & LAUSHEY RELATIONSHIP 
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FIGURE 5 

SITE-SPECIFIC ENVELOPE OF PARTICLE-SIZE 
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FIGURE 6 

PARTICLE-SIZE DISTRIBUTION FOR UPPER HORIZON 
BROWN TILL 
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SPREADSHEET COMPUTATIONS 
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TABLE 1 

CALCULATIONS FOR SEDIMENTATION IN DRANAGE CHANNELS 
FERNALD OSDF, PHASE V DESIGN 

Location 

East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 
East 

~ ~~ 

Input Parameten for Shield's Method 
Water Temperature = 

Partide Specific Weight = 
Kinematic Viscosity of Fluid = 

Unit Weight of Fluid = 

Dimensionless Dimensionless Critical Particle Critical Particle Shields Average FlowRate critical Partide Tractive 
Shield's Parameter Shear Stress Diameter Diameter Diameter 

pziiF Bottom LeftSide Rightside Manning's Channel Depthof Areaof . Wetted Hydraulic 

Discharge Stress Parameter 
Width Slope.. Slope Roughness Slope Flow Flow Perimeter Radius Velocity (Check) 

Chrl status 

Q B 21 22 n so Y A P R = N P  V Q=AV to d d B d d 
cfs ft H:IV H:IV Wft ft d ft ti Wft WS ft'ls lb/ft* mm ft 2.000 mm mm 

6 :  4 0.030 0.0045 0.76 2.89 7.76 0.37 0.0045 1.72 5.0 0.105 5.99 3.97842 1.09E-02 5.18E-02 5.19E-02 6.27 9.055 
5.29E-02 5.29842 7.17 12.158 

3 new 8.7 0 3 4 0.030 0.0050 1.06 3.93 7.72 0.51 0.0050 2.24 8.8 0.159 8.67 2.84E-02 7.82E-03 5.39E-02 5.44E-02 8.14 16.098 
3 :  4 0.030 0.0050 1.12 4.39 8.16 0.54 0.0050 2.32 10.2 0.168 . 9.12 2.99842 7.48843 5.42E-02 5.47E-02 8.45 17.452 

5.40E-02 5.39842 8.11 15.958 
4 new 10.0 0 
5 new 11.1 0 3 6 0.030 0.0050 1.04 4.87 9.61 0.51 0.0050 2.23 10.9 0.158 8.70 2.85E-02 7.808-03 
6 new 11.8 0 3 '  6 0.030 0.0100 0.94 3.98 8.69 0.46 0.0100 2.95 11.7 0.286 15.10 4.958-02 4.75E-03 5.62E-02 5.62E-02 10.72 29.488 

7R new 12.1 0 6 3 0.030 0.0100 0.96 4.15 8.88 0.47 0.0100 2.99 12.4 0.292 15.24 5.00E-02 4.7 1 E 4 3  5.62E-02 5.68842 10.87 30.413 
8R new 12.2 0 6 2 0.030 0.0050 . 1.14 5.20 9.48 0.55 0.0050 2.35 -12.2 0.171 9.35 3.07842 7.31E-03 5.43E-02 5.43842 8.55 17.934 
9R new 12.2 4.35 6 3 0.030 0.0050 0.72 5.46 11.01 0.50 0.0050 2.20 7.86E-03 5.39842 5.33842 8.01 15.511 8.63 2.83842 12.0 0.155 

12.6 10.12 6 3 0.030 0.0050 0.50 6.19 14.74 0.42 0.0050 1.97 12.2 0.131 7.44 2.44842 8.98843 5.31E-02 5.23842 7.15 12.114 IOAR new 
IOBR new/existing 12.7 10.2 1 3 .  4.6 0.030 -0.0029 0.60 7.49 14.93 0.50 . 0.0029 1.69 12.7 0.091 5.36 3.768-02 1.21 E42 5.1 1E-02 5.03E-02 6.14 8.655 

8.18843 5.37E-02 5.378-02 7.51 13.492 12R existing 13.3 14' 3 4.3 0.030 0.0063 0.42 6.52 17.18 0.38 0.0063 2.07 13.5 0.149 8.25 2.71842 
7.37843 5.43E-02 5.3 1 E-02 7.97 15.373 13R existing 23.4 23.11 23 4 0.030 0.0067 0.42 10.26 25.90 0.40 0.0067 2.19 22.5 0.166 9.27 3.04E-02 

14 existing 1.0 0 3 5 0.030 0.0040 0.48 0.92 3.97 0.23 0.0040 1.19 1.1 0.058 3.59 1.18E-02 1.738-02 4.80502 4.80E-02 4.32 3.984 
3 .  5 0.030 0.0063 0.62 1.54 5.12 2.7 0.118 6.67 2.19E-02 9.9 1 E-03 5.25E-02 5.26842 6.42 9.559 

5.36E-02 5.37842 7.23 12.396 16 existing 3.2 0 2.5 5 0.030 0.0074 0.66 1.63 5.14 0.32 0.0074 1.99 3.2 0.147 8.12 2.668-02 8.30E-03 
17 existing 5.5 0 4 5 0.030 0.0125 0.68 2.08 6.27 0.33 0.0125 2.66 5.5 0.259 13.75 4.51842 5.17E-03 5.59E-02 5.598-02 9.67 23.523 
18 new 9. I 0 3 3 0.030 0.0100 1.00 3.00 6.32 0.47 0.0100 3.02 9.1 0.296 15.76 5.17842 4.57E-03 5.63842 5.58E-02 10.98 31.090 
19 new 10.1 0 3. 3 0.030 O.Oo90 1.06 337 6.70 0.50 0.0090 2.98 10.0 0.282 14.94 4.90842 4.79E-03 5.62E-02 5.6 I E-02 10.83 30.159 

533E-03 5.58842 5.63842 10.16 26.179 20 new 8.6 0 3 3 0.030 0.0083 1.02 3.12 6.45 0.48 0.0083 2.79 8.7 0.25 1 13.27 4.358-02 
30 new 7.7 0 3 3 0.030 0.0100 0.94 2.65 5.95 7.7 0.278 14.73 4.83842 4.86843 5.616-02 5.6 1 E-02 10.54 28.392 0.45 0.0100 2.90 
21 new 7.8 0 3 3 0.030 0.0100 0.94 2.65 5.95 0.45 0.0100 2.90 7.7 0.278 14.88 4.88842 4.818-03 5.628-02 5.55E-02 10.54 28.392 

8.1 0.284 15.02 4.93E-02 4.77E-03 5.62842 5.62842 10.69 29.283 new 8.0 0 3 3 0.030 0.0100 0.96 2.76 6.07 0.46 0.0100 2.94 22 
29 new 8.2 0 3 3 0.030 0.0100 0.96 2.76 6.07 8.1 0.284 15.03 4.93842 4.77843 5.62E-02 5.62-2 10.69 29.283 0.46 0.0100 2.94 

7.27843 . 5.43842 5.438-02 8.02 15.577 
26 new 10.4 0 3 3 0.030 0.0075 1.12 3.76 7.08 10.6 0.249 13.24 4.34E-02 5.35843 5.588-02 5.58E-02 10.26 26.756 0.53 0.0075 2.82 

1 existing 5.0 0 
2 existing 7.1 0 3 5 0.030 0.0045 0.94 3.53 7.77 0.46 0.0045 1.97 7.0 0.128 9.27E-03 7.18 2.36E-02 

~ ~~~ ~~~ ~~ ~ 

0.30 0.0063 1.77 15 existing .2.7 0 

. 24 new 9.3 8.5 . 3 3 0.030 0.0075 0.42 4.10 11.16 0.37 0.0075 2.21 9.0 0.172 9.41 3.09E-02 

CHANNEL PROPERTIES CALCULATED HYDRAULIC PROPERTIES SHIELD'S METHOD 
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