
Department of Energy 

Ohio Field Office 
Fernald Closure Project 

175 Tri-County Parkway 
Springdale, Ohio 45246 

(5  1 3) 648-3 1 55 

FEB 2 3 2005 

Mr. James A. Saric, Remedial Project Director 
U.S. Environmental Protection Agency 
Region V-SR-6J 
77 West Jackson Boulevard 
Chicago, Illinois 60604-3590 

DOE-0164-05 

Mr. Tom Schneider, Project Manager 
Ohio Environmental Protection Agency 
401 E. 5fh Street 
Dayton, OH 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

TRANSMIT”& OF THE REVISED ON-SITE DISPOSAL FACILITY PHASE V 
CERTIFIED-FOR-CONSTRUCTION DRAWINGS INCLUDING EXPANSION OF 
CELL 8 

References: 1) Letter DOE-0157-04, W. Taylor to J. Saric/T. Schneider, “Transmittal of 
the Revised Final On-Site Disposal Facility Phase V Design Package - 
Cell Liners 6 through 8 and Cell Final Covers 3 Through 8,” dated I 

February 19,2004 

Letter DOE-0315-04, W. Taylor to J. SaricR. Schneider, “Transmittal of 
the On-Site Disposal Facility Cell 8 Expansion Design Change,” dated 
June 29,2004 

Letter, J. Saric to J. Reising, “OSDF Cell 8 Expansion,” dated 
August 24,2004 

Letter, T. Schneider to W. Taylor, “Approval Cell 8 Expansion Design 
Change,” dated October 26,2004 

Enclosed are the revised On-Site Disposal Facility (OSDF) Phase V Certified-for-Construction 
(CFC) Drawings. This revised package is being transmitted for your information and includes 
approved changed to the OSDF Cell 8 configuration as described in Design Change Notice 
@CN) 20105-005. This package includes the entire Phase V CFC package. The following 

Document 6774 



Mr. James Saric 
Mr. Tom Schneider 

-2- DOE-0164-05 

drawings of this package have been revised or added since the initial issuance of the Phase V 
CFC package on February 19,2004: 
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X-1 - Title Sheet I 
G-2A - Site Development Plan III - Cell 8 
G-6A - Subgrade Grading Plan V - Cell 8 Liner System 
G-7A - Compacted Clay Liner Grading Plan I1 - Cell 8 Liner System 
G- 1 1 - Final Cover System Contouring Layer Grading Plan I1 - Cells 6 and 7 
G-1 1A - Final Cover System Contouring Layer Grading Plan I11 - Cell 8 (new drawing) 
G- 13A - Final Cover System Compacted Clay Cap Grading Plan III- Cell 8 
G- 15A - Final Cover System Grading Plan III- Cell 8 
G-16 - Final Cover System Staged Closure Grading Plan - Cells 7 and 8 
G-18 - Impacted Material Haul Road Grading Plan and Details I1 
G- 18A - Impacted Material Haul Road Grading Plan and Details I11 
G-20A - OSDF North-South Sections 111 
G-23A - OSDG West-East Sections IV 
G-30 - Liner System Details II 
G-43B - Surface-Water Management System DetGls X 
G-46 - Impacted Material Placement Details I1 

Also included is the final revised Cell 8 Expansion Supplemental Calculation Package. These 
calculations were included in the DCN 201 05-005 submittal and approved by both the 
U.S. Environmental Protection Agency (USEPA) and Ohio Environmental Protection Agency 
(OEPA). A copy of the Cell 8 final cover quantities is also enclosed for your information. 

The above-listed drawings and calculations references to previously submitted OSDF Phase V 
construction drawings and specifications. These reference drawings and specifications may be 
found in the OSDF Phase V package, which was submitted to the USEPA and OEPA on 
February 19,2004 per the above-listed reference. 

If you have any questions or require additional information, please contact Johnny Reising at 
(513) 648-3139. 

Sincereh, 

FCP:Reising 

Enclosures: As Stated 

/ - Director 
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Mr. James Saric 
Mr. Tom Schneider 

cc w/enclosures: 
D. Pfister, OWFCP 
J. Reising, OH/FCP 
M. Cullerton, Tetra Tech 
M. Shupe, HSI GeoTrans 
AR Coordinator, Fluor Femald, Inc./MS78 

cc wlo enclosures: 
G. Jablonowski, USEPA-V, SR-6J 
F. Bell, ATSDR 
R. Vandegrift, ODH 
K. Alkema, Fluor Fernald, Inc./MSO 1 
J. Chiou, Fluor Femald, Inc./MS64 
C. Murphy, Fluor Fernald, Tnc,/MS77 
D. Powell, Fluor Fernald, Inc.MS64 
ECDC, Fluor Femald, Inc./MS52-7 
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Checked By: 
(Checker) 

Computations 
Checked by: 
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Backchecked by: 
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Approved by: 
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Approved by: 
(DTL / TETL) 
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Printed Name Tamara E. Zettler 
0 

and Title Engineer 
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Date 

Printed Name Tamara E. Zettler 
and Title Engineer 
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Date 
Printed Name Leslie M. Griffin 
and Title Project Engineer 
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Date 

Printed Name Tamara E. Zettler 
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+MG Date: 6/16/2004 Reviewedby: TEZ Z)ale:-.!&96/04 

_plow Fernald ProJed: Ccll8ExpMsion ProjecuPropospl No.: 603309 Task No.:& 

OSDF CAPACITY CALCULATION 
CELL 8 EXPANSION 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to present the OSDF capacity for Cell 8. 

METHODS OF ANALYSIS 

The capacity for Cell 8 was estimated using the computer program Autodesk@ Civil Design 3 within 
Autodesk" Land Desktop 3. 

CONCLUSIONS 

The following table provides the estimated capacity for Cell 8. 
\ 

L 
OSDF CAPACITY 

CELL 8 397,219 

i, ' 
GQO573-07/1E9930166 
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OSDF CAPACITY CALCULATION 
CELLS 7 AND 8 

Introduction 

Autodesk@ Procedures 

Autodesk@ Results 
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\ J 
OSDF CAPACITY CALCULATION 

CELL 8 EXPANSION 

INTRODUCTION 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to present the OSDF capacity for Cell 8. 

METHODS OF ANALYSIS 

The capacity for Cell 8 was estimated using the computer program Autodesk@ Civil Design 3 within 
Autodesk@ Land Desktop 3. 

Document 6774 



I ik ,.EOSYNTEC CONSULTANTS PAGE I OF 

Written by: LMG Date: 4/16/2004 Reviewed by: TEZ Date: 06/16/04 

Client: Flour Fernald Project: Cell 8 Exuansion ProjectlProposal No.: GO3309 Task No.:= 

OSDF CAPACITY CALCULATION 
CELL 8 

(Autodesk@ PROCEDURES AND VOLUME RESULTS) 

.3 

INTRODUCTION 

The purpose of this section is to provide an overview of the Autodesk@ procedures used to calculate the 
OSDF Cell 8 capacity and to present the capacity estimated using Autodesk@. 

METHOD OF ANALYSIS 

The Earthworks module of Autodesk@ Civil Design 3 is used to compute volumes within Autodesk@ 
Land Desktop 3 [Autodesk, 2001J. Earthworks calculates volumes based on a digital terrain model that 
represents each surface of interest. The surfaces used to compute the capacity of the OSDF Cell 8 are: (i) 
top of the leachate collection system (LCS) grading plan; and (ii) bottom of the contouring layer grading 
plan. Earthworks generates a triangular irregular network (TIN) to model each surface and uses the grid 
method to compute volume. The grid method calculates volumes using a grid system overlain on the two 
TIN surfaces. The volumes are calculated for each grid using the prismoidal volume between the surfaces, '1 and then each grid volume is summed to give the total volume. For Cell 8, the volume is estimated using a 
parcel area defined by a vertical plane at the intercell berm between Cells 7 and 8. Figure 1 provides an 
isopach representing the thickness of impacted material which can be placed in Cell 8 as well as the 
associated capacity of Cell 8. ? 

Autodesk@ RESULTS 

The following table provides the estimated capacity for Cell 8. 

I OSDF CAPACITY I 
t 

(CY> 
CELL 8 I 397,219 I 

REFERENCES 

Autodesk@, Inc., Autodesk@ Civil Design Reference Manual, Henniker, NH, 2001. 
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REQUIREMENTS 
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Client: Fluor Fernald. h. Project: OSDF Revised phase V Project No.: GO3309 Task No.:& 

ADDENDUM TO SECTION 7.2 

(ADDED TO REVISION 1 PACKAGE) 

> 
,I 

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 applicable for the northernmost and interior on-site disposal facility 
(OSDF) cells (Le., Cells 1 to 7 )  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. However, the southernmost OSDF cell (i.e., Cell 
8) differs from the other cells in that: (i) Cell 8 has a 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 the intersection of the protective layer and the Cell 8 
perimeter berm; 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 verify the adequacy of the Cell 8 IRCA 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 VII of the OSDF Final Design Calculation Package. 

F04200 10-Rev2 

Document 6774 



GEO~YNTEC CONSULTANTS PAGE OF 

Written by: Tamara E. Zettler Date: 12/15/2004 Reviewed by: Date: 

Client: Fluor Fernald. Inc. Project: OSDF RevLsed Phase V Project No.: 6 0 3 3 0 9  Task No.:& 

.*) 
) CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 

EXEXUTIVE 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 (ie., 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 E C A  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 &e., Cell 8). Analyses are separated into three groups: 

i.) evaluation of IRCA storage capacity; 
\ 
I 

ii.) evaluation of lRCA 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 arm 
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. 

lRCA Storage Capacity 

The Cell 8 IRCA, prior to staged closure, is designed to contain the runoff from two cells 
(Le., Cells 7 and 8) during the 25-year, 24-hour storm event with the required 0.5 feet of 
freeboard. As established in the calculation package presented in Section 7.2. the IRCA for Cells 
1 through 7 was designed to have a NortWSouth dimension of 250 feet measured from the 
centerline of the intercell berm and an EasWest dimension of 185 feet measured from the 
shoulder of the perimeter berm. . 

F0420010-Rev2 
1 
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Because Cell 8 is an end cell and has been expanded to a width greater than CeIls 1 through 
7, the IRCA dimensions have been modified to provide adequate storage capacity. Modifications 
include: 

The NortWSouth dimension of the Cell 8 IRCA has been increased to 377 feet as 
measured from the northern edge of the impacted material haul road into Cell 8. This 
will allow the IRCA to be located in the southwest corner of the cell while still extending 
over the leachate collection corridor. 

The EasWest dimension of the Cell 8 IRCA has been increased to 229 feet as measured 
fiom the western side of the Cell 8 perimeter berm baseline. 

This revised geometry, as shown in Figure 1, is evaluated herein to veri@ the storage 
capacity of the IRCA based on the expanded size of Cell 8. 

Three stages of lRCA filling during the staged closure are considered for evaluation. These 
stages and the runoff areas associated with these stages are shown in Figures 2 through 4. Figure 
2 shows the RCA geometry designed to contain the runoff for Stage I, when Cell 7 has received 
final cover, and approximately 40 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 Stage I geometry provides a remaining impacted material 
placement capacity of approximately 1 13,000 cubic yards with an additional approximately 
19,000 cubic yards of non-impacted material capacity to provide for surface water management 
within the cell. 

I 
1 

Figure 3 shows an IRCA geometry designed to contain the runoff for Stage II, which 
provides for a remaining impacted material placement capacity of 38,000 cubic yards with up to 
an additional approximately 19,000 cubic yards of non-impacted material capacity to provide for 
surface water management within the cell. At this stage, approximately 70 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 XI are presented in Attachment A-4. 

Figure 4 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 19,000 cubic yards of non-impacted material will be required to reach proposed 
final cover contouring layer grades. At this stage, approximately 80 percent of Cell 8 has 
received two lifts of compacted clay. 

The IRCA storage capacity 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 ft of fieeboard. Hydrologic 
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\ 
j 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. 

This calculation will provide requirements for sizing the IRCA during final closure 
construction activities through use of a design chart to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

’ Channel Capaciv 

The required depths for channels discharging to the IRCA are evaluated for the “worst-case” 
scenario only (i.e., prior to Staged Closure as shown on Figure 1). This analysis provides the 
worst-case scenario in regards to channel depth because it has the largest uncovered area, 
resulting in the largest impacted runoff peak flow rate being routed through the channels. The 
channels are designed to convey peak flow rates from the 25-year, 24-hour storm event with 
minimum freeboard of 0.5 ft as established in the DCP [GeoSyntec, 20041. Hydraulic analysis 
of this channel is performed using Manning’s equation as coded into a computer spreadsheet. 
Peak flow rate for the channel was taken kom the HydroCADm output performed for the lRCA 
capacity calculations. 

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. 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). The drawdown time prior to Staged Closure is not 
calculated herein as the IRCA is at fbll capacity. 

RESULTS 

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

lRCA Storage Capacity 

0 The Cell 8 IRCA design, prior to staged closure, provides containment for runoff from 
two cetls &e., Cells 7 and 8) during the 25-year, 24 hour storm event with the required 
0.5 ft of freeboard. 
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The calculated peak water elevation for the 25-year, 24-hour storm event allows more 
than 0.5 A of freeboard from the minimum embankment crest elevation for the three 
staged closure cases analyzed. 

The results of the HydroCADm analysis of the IRCA storage capacity are summarized 
in Table 7. The results show that the required IRCA storage capacities are: 

Prior to Staged Closure = 2 19,368 ft3; 
Stage I = 76,927 fi3; 
Stage I1 = 45,869 ft’; and 

Stage 111 = 22,65 1 ft3. 

Channel Capacity 

Calculated freeboards corresponding to the peak flow rate for the inlet channels are 3.3 ft 
for Channel C and 3.4 ft for Channel E; therefore, the calculated fieeboards exceed the 
minimum required freeboard of 0.5 ft. The locations for channels C and E are shown on 
Figure 1. 

0 Calculated peak flow velocities for the unlined channels are 6.7 ft/s for Channel C and 
4.78 Ws for Channel E. Appropriate erosion control practices should be used by the 
contractor to minimize the potential for erosion. 

Drawdown Time 

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 aIlowable flow 
rate of 200 gpm, which results in the following approximate drawdown times: 

Stage I = 2 days; 

Stage I1 = 1.2 days; and 
Stage I11 = 0.6 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 (Le., Cell 8) in the OSDF. Additionally, IRCA inlet channel capacity and 
lRCA 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: 
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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 (i.e., Cells 7 and 8). 

'') i 

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 5) 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. 

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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-) 
1 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 @.e., 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 Certified-for-Construction drawings developed as part of the Revised Phase V 
design in December 2004. 

\ DESIGN SCENARIOS 

The cases modeled in this package represent conditions expected to exist both before and 
during the 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 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” wil1 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. , 

The Cell 8 IRCA, prior to staged closure, is designed to contain the runoff fkom two cells 
(i.e., Cells 7 and 8) during the 25-year, 24-hour storm event with the required 0.5 feet of 
freeboard. Because Cell 8 is an end cell and has been expanded to a width greater than Cells 1 
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through 7, the IRCA dimensions have been modified to provide adequate storage capacity. 
Modifications include: 

-.l 
1 

The North/South dimension of the Cell 8 IRCA has been increased to 377 feet as 
measured from the northern edge of the.impacted material haul road into Cell 8. 

The East/West dimension of the Cell 8 IRCA has been increased to 229 feet as measured 
from the western side of the Cell 8 perimeter berm baseline. 

This revised geometry, as shown in Figure 1 ,  is evaluated herein to verify the storage 
capacity of the IRCA based on the expanded size of Cell 8. 

Three stages of RCA filling during staged closure are considered for evaluation. These 
stages and the runoff areas associated with these stages are shown in Figures 2 through 4. Figure 
2 shows the IRCA geometry designed to contain the runoff for Stage I, when CeIl 7 has received 
final cover, and approximately 40 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 provides a remaining impacted material 
placement capacity of approximately I 13,000 cubic yards with up to an additional approximately 
19,000 cubic yards of non-impacted soil capacity to provide for surface water management 
within the cell. i 

1 Figure 3 shows an IRCA geometry designed to contain the runoff for Stage 11, which 
provides for a remaining impacted material placement capacity of 38,000 cubic yards with up to 
an additional approximately 19,000 cubic yards of non-impacted soil capacity to provide for 
surface water management within the cell. At this stage, approximately 70 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 4 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 19,000 cubic yards of non-impacted material will be required to reach proposed 
final cover contouring layer grades. At this stage, approximately 80 percent of Cell 8 has 
received two lifts of compacted clay. 

IRCA Storage Capacity 

The required IRCA storage capacity will be calculated for the design configurations 
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 4. 
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Channel Capacity 
1 1  I 

Channel capacity calculations will be performed for the most critical channels only (i.e., 
Channels C and E as identified in Figure 1). These channels are the most downstream channels 
for the two groups of catchment areas contributing runoff to the IRCA; therefore, these channels 
will receive more flow than the upstream channels. The calculations will be performed for the 
geometry shown in Figure 1, 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 LRCA after the 
completion of the 25-yeaq 24-hour storm event into the CeIl 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 allowabIe 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 (ie., 200 gpm). 

METHODS OF ANALYSIS 

IRCA storage Capacity 

Required IRCA storage capacity calculations are performed using methodologies presented 
in TR-20 [USDA-SCS, 1982) and TR-55 [USDA-SCS, 19861, as coded into the computer 
program HydroCADTM [HydroCADm, 19931. HydroCADm 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 

F0420010-Rev2 
, j‘ 

Document 6774 



GEOSYNTEC CONSULTANTS PAGE OF 

Written by: Tamma E. Zettler Date: 12/15/2004 Reviewed by: Date: 

CUent: FIuor Fernald. Ine. Project: OSDF Re&ed Phase V Project No.: GO3309 Task No.:& 

-) 
) found in Section 12.4 of the Revised Final Design Calculation Package On-Site Disposal Facility 

entitled “OSDF-Phase IV-Surface Water Management Design”. 

Once the required storage capacity has .been calculated, requirements will be provided for 
sizing the IRCA during the final closure construction through use of a design chart (Figure 5) 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 
Qmax -- 0 

n 

where: Qmax = peak flow rate (cfs); 
n = Manning’s roughness coefficient (dimensionless); 
A = cross-sectional area offlow <ft2); 
R = hydraulic radius (ft) defined as R = A/P where P is wetted perimeter (e); and 
So = longitudinal slope (rise/run). 

Both A and P are functions 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 

Peak flow rates were used as inputs and were taken &om the HydroCADm 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 

this calculation package. 

As mentioned earlier, the drawdown time is the amount of time expected for impacted runoff 
associated with a 25-year7 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: 

AV 
At = - 

kiA 
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where: At = incremental drawdown time (seconds); 
AV= incremental volume change (A3); 
k = permeability of the LCS drainage layer (Alday); 
i = hydraulic gradient (WA); and 
A = area perpendicular to flow (p). 

The drawdown time evaluated based on Darcy’s Law, as noted above, is applicable to 
characterize liquid flow through the granular protective layer/LCS 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 (Le., 200 
gpm). The equation below shows the fomula used to calculate the ‘EPLTS limited’ drawdown 
time: 

\ 
1 

where: t = drawdown time (days); 
V = required IRCA storage capacity for a given stage (fl’); 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, 20041. For the 
Fernald Environmental Management Project (FEMP) property, this event has a rainfall intensity 
of 4.7 in. [parsons, 19951. 

1RC4 Storage Capacity 

The Cell 8 IRCA, both prior to and during staged closure, must be designed to contain 
impacted nmoff from two cells during the 25-year, 24-hour storm event and shall provide at least 
0.5 ft of fieeboard from the minimum elevation the intersection of the protective layer and the 
Cell 8 perimeter benn. 
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Channel Capacity 

The calculated freeboard of the channels must equal or exceed the minimum required 
freeboard of 0.5 ft as stated in the DCP [GeoSyntec, 20041. 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 Nsec 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. 
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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS 
DATA VERIFICATION 

-1 
! 

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 Capacity 

As discussed in the Calculation Procedures section, the computer pro am HydroCADTM 
was used to compute the required IRCA storage capacity. I-IydroCAD* 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-year, 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 fiom the 2-year, 24-hour storm event; and (v) Manning’s coefficient. 
The xunoff 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. TabIes 1 through 4 show the remaining inputs used by 
HydroCADm for the Subcatchment calculations. 

The main input parameters required for the Reach subroutines include: (i) channel geometry; 
and (ii) Manning’s coefficient. The channel geometry (i.e., channel side slopes, longitudinal 
slope, channel length, and inlet and outlet elevations) was established fiom the construction 
drawings. Manning’s coefficient was set as 0.018 as established in Section 7.2 for a straight 
unlined channel. Due to the simplicity of the HydroCad models for Stages I through 111, reaches i 

I 
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were not used. Table 5 shows the geometric inputs used in HydroCADm for the reaches defined 
in Figure 1 - 

J ,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 6 shows the areas measured, the cumulative storage 
volume, and the corresponding elevations for the IRCA in each of the three stages of the staged 
cIosure. 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 6. 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 
required to carry the maximum peak flow rate was computed using Manning’s equation and was 
compared to the available flow depth. The maximum available flow depth was obtained directly 
from the construction drawings and is approximately 5 feet. 

The parameters needed to compute the channel capacity using Manning’s equation are as 
follows: (i) the peak flow rate, Q- (cfs); (ii) Manning’s coefficient, n (dimensionless); (iii) the 
cross-sectional area of flow, A (ft2); (iv) the hydraulic radius, R (ft); and (v) the longitudinal slope 
of the channel, So (rise/run). 

‘j 

The peak flow rate for Channels C and E as shown on Figure 1 were obtained from the 
HydroCADTM output performed for the IRCA storage capacity calculation. The peak flow rates 
used in the analyses are 45.21 cfs for Channel C and 28.29 cfs for Channel E. 

The value used for the Manning’s coefficient is 0.018. This is the same value that was used 
for the channels in the HydroCADm 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. ?Ire values of the geometrical input parameters used for 
this calculation are shown in Table 5 .  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 corridor’ 
controlled drawdown time may be computed using Darcy’s Law for incremental IRCA 
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 (fvft); and the a 
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1 area perpendicular to flow, A (fl). The input values used for the drawdown analysis are shown 
below: 

where: AV = varies (corresponds to the storage elevation in the IRCA according to 
HydroCADm output); 
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 = 1,236 ft2 for Stages I and TI; 3 17 ft2 for Stage 111. 

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 (fi3); 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 7. 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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i 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-year, 24-hour storm event with 0.5 ft of fieeboard. Hydrologic and basin routing 
analyses are performed using methodologies presented in TR-20 VSDA-SCS, 19821 and TR-55 
[USDA-SCS, 19861, as coded into the computer program HydroCADm. The output fiom 
HydroCAD" can be found in Attachment A-1 . 

This calculation provides requirements for sizing the LRCA during the final closure 
construction through use of a design chart (Figure 5) to interpolate for cases where the capped 
area is between that of the stages analyzed in this package. 

1 
,) 

The results of the IRCA Storage Capacity calculations are as follows: 

0 The calculated peak water elevation for the 25-yeary 24-hour storm event allows more 
than 0.5 fi of freeboard fiom the minimum embankment crest elevation for the cases 
analyzed herein. 

The results of the HydroCADm analyses of the IRCA storage capacity for the cases 
analyzed are summarized in Table 7. The results show that the required IRCA storage 
capacity for each of the cases analyzed are as follows: 

I 

Prior to Staged Closure = 219,368 ft3; 

Stage I = 76,927 fl?; 

Stage 11 = 45,869 ft3; and 

Stage I11 = 22,65 1 TI3. 
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.b 
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 I1 are presented in Attachment A-4. The results of these estimates are 
included in Table 7. 

Channel Capacity 

The channels are designed to safely convey peak flow rates from the 25-year, 24-hour storm 
event. Hydraulic analyses of Channels C and E as shown in Figure 1 are 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: 

e Calculated freeboards corresponding to the peak flow rate for the inlet channels are 3.3 ft 
for Channel C arid 3.4 fi for Channel E; therefore, the calculated freeboards exceed the 
minimum required freeboard of 0.5 ft. 

Calculated peak flow velocities for the unlined channels are 6.7 ft/s for Channel C and 
4.8 Ws for Channel E. Appropriate erosion control practices should be used by the 
contractor to minimize the potential for erosion. 

Drawdown Time 

The amount of time expected for impacted runoff to drain .from the RCA after the 
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is refmed 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 IIi 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 = 2 days; 

Stage II = 1.2 days; and 

Stage III = 0.6 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: 

' . FO42001O-Rev2 
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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). 

1 
j. 

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

A design chart has been created (Figure 5 )  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. 

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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Figure 1 - Full Size IRCA (Not to Scale) 
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Figure 2 - Stage I (Not to Scale) 
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Figure 3 - Stage I1 (Not to Scale) 

Document 6774 



P W  OF N S I W T S  
Date: Written by: T m  E. Z d e r  a t e :  12/15/2004 Reviewed by: 

CIienk Fluor F d d .  b. Project: OSDP Wnre IV Projest No.: 603309 Task  NO.:^ 

Figure 4 - Stage UI (Not to Scale) 
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Figure 5 - Design Chart for Sizing IRCA 
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ATTACHMENT A-1 

IRCA CAPACITY CALCULATIONS 
HYDROCAD OUTPUT 

Document 6774 



Y N Z  C0N-S P a  ow 
Date: 12/15LXW Reviewedby: - Date: Writlen by: Tamara E. ZetUer 

Clieok Fluor Fernafd. he. Project: OSDF Phase Lv Project No.: 603309 Task No.:* 

! 

PRIOR TO STAGED CLOSURE CALCULATION 

Document 6774 



I 4 
l 

a- 
,--+ 4 

D
ocum

ent 6774 



Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAM 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfal/=4.70" 
Page I 

1211 0/2004 \. 
1 

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 Rainfalk4.70" 

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

Subcatchment A: Area A 
Tc=3.0 rnin CN=91 Area=3.080 ac Runoff= 20.77 cfs 0.891 af 

Subcatchment 8: Area B 
Tc=3.9 rnin CN=91 Are~3.390 ac Runoff= 22.22 cfs 0.980 af 

Subcatchment C: Area C 
Tc=2.7 min CN=91 Area4.570 ac Runoff= 10.69 cfs 0.454 af 

Subcatchment D: Area D 
Tc=3.1 min CN=91 Area=3.470 ac Runoff= 23.34 cfs 1.004 af 

Subcatchment E: Area E 
Tc=2.5 min CN=91 Area=0.885 ac Runoff= 6.07 cfs 0.256 af 

Subcatchment F: Area F 
Tc=I.I min CN=91 Area=2.410 ac Runoff= 17.21 cfs 0.697 af 

Subcatchment Pond: Pond Area 
Tc=O.O rnin CN=100 Area=2.020 ac Runoff= 16.15 cfs 0.753 af 

Inflow= 20.77 cfs 0.891 af 
Length= 637.0' Max Vel= 4.3 fps Capacity= 923.30 cfs Oufflow= 19.32 cfs 0.888 af 

1 
Reach 1R: Channel B 

Reach 2R: Channel C Inflow= 38.75 cfs 1.869 af 
Length= 442.01 Max Vel= 6.4 fps Capacity= 1,236.14 cfs Outflow= 38.20 cfs 1.866 af 

Reach 3R: Channel E Inflow= 23.34 cfs 1.004 af 
Length= 234.0' Max Vel= 4.5 fps Capacity= 921.13 cfs Oufflow= 22.93 cfs 1.003 af 

Reach 4R: Dummy Reach Inflow= 45.21 cfs 2.320 af 
Outflow= 45.21 cfs 2.320 af 

Reach 5R: Dummy Reach 

Pond IRCA: Detention Pond 

Inflow= 28.29 cfs I .259 af 
Outflow= 28.29 cfs 1.259 af 

Peak Storage= 5.029 af Inflow= 95.09 cfs 5.029 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 16.825 ac Volume = 5.036 af Average Depth = 3.59" 

1 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAtX 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

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

1211 012004 
:) 

Subcatchment A: Area A 

Runoff = 20.77 cfs @ 11.93 hrs, Volume= 0.891 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type It 24-hr Rainfak4.70" 

Area (ac) CN Description 
3.080 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.9 89 0.0500 1.7 Sheet Flow, Segment A-1 

0.1 11 0.1000 1.5 Sheet Flow, Segment A-2 

0.2 47 0.1000 5.1 Shallow Concentrated Flow, Segment A-3 

0.4 167 0.1670 6.6 Shallow Concentrated Flow, Segment A 4  

1.4 400 0.0056 4.8 24.18 TrapNeelRect Channel Flow, Channel A 

3.0 714 Total 

(min) (feet) (ftlft) (ftlsec) (cfs) 

Smooth surfaces n= 0.01 I P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 76.1 fps 

Bot.W=O.OO' D=1.50' Z= 1.5 & 3.0 'I' n= 0.018 

'\ 
Subcatchment A: Area A 1 

Hydrograph Plot 
, .  , : . . >  . . ; . .  i .  ., . . .  .. .... . . . .. .. . . . 

. .  . .  . : : . ;  . .  . I .  

Time (hours) - 
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Type I /  24-hr Rainfa/l=4.70" 
Cell 8ExpandStageO Page 3 

1 211 0/2004 
Prepared by GeoSyntec Consultants 

Subcatchment B: Area 6 

1 HvdroCAm 6.00 s/n 000929 o 1986-2001 Applied Microcomputer systems 

Runoff = 22.22 cfs @ 11.95 hrs,  Volume= 0.980 af 

Runoff by scs TR-20 method, UH=SCS, Time Span' 0.00-20.00 hrs,  dt= 0.01 hrs 
Type l l  24-hr Rainfall=4.7O" 

3.390 91 
Area (ac) CN Description - 

TC Length Slope Velocity Capacity Description 

0.8 88 0.0500 I .7 Sheet Flow, Segment B-1 

0.1 12 0.1000 I .5 Sheet Flow, Segment B-2 

0.2 46 0.1000 5.1 Shallow Concentrated Flow, Segment B-3 

0.4 166 0.1670 6.6 Shallow Concentrated Flow, Segment 8 4  

2.4 637 0.0050 4.5 22.85 TrapNeelRect Channel Flow, Channel B 

3.9 949 Total 

(min) (feet) (wft) (Wsec) (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= q6.A fps 

Bot.W=O.Of)' D=? .sf)' z= 1.5 81 3.0 'I' n= 0.01 8 

Subcatchment B: Area B 
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TvDe /I 24-hr Rainfa//=4.70" 
,I 

Cell 8Expand-Stage0 
., Prepared by GeoSyntec Consultants Page 4 

1211 012004 \, HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 
I 

Subcatchment C: Area C 

Runoff = 10.69 cfs @ 11.93 hrs, Volume= 0.454 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 
1.570 91 

Tc Length Slope Velocity Capacity Description 

0.5 41 0.0500 1.5 Sheet Flow, Segment C-I 

Smooth surfaces n= 0.01 1 0.5 59 0.1000 2.1 Sheet Flow, Segment C-2 

Smooth surfaces n= 0.01 I 0.0 2 0.0100 1.6 Shallow Concentrated Flow, Segment C-3 . 
Unpaved Kv= 16.1 fps 0.5 192 0.1670 6.6 Shallow Concentrated Flow, Segment C-4 

Unpaved Kv= 16.1 fps 1.2 442 0,0090 6.1 30.65 TrapNeelRect Channel Flow, Channel C 
Bot.W=O.OO' D=I 50' Z= 1.5 & 3.0 'I' n= 0.01 8 

2.7 736 Total 

(min) (feet) (ftlft) (Wsec) (cfs) 

P2= 2.55 

P2= 2.55" 

, 

3 Subcatchment C: Area C 

I u.od cfs I 

.. . . - ._ .. .. .. _. .. .. . . .. . . . . . . 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCACYB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 5 

12/10/2004 -) 
1 

Subcatchment D: Area D 
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0 

Runoff = 23.34 cfs @ 11.94 hrs, Volume= 

0 

1.004 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 
3.470 91 Total Area 

Tc Length 
(min) (feet) 

0.9 89 

0.1 11 

0.2 47 

0.5 209 

1.4 400 

SloDe Velocity 

0.1 000 I .5 

0.1 000 5.1 

0.1 670 6.6 

0.0056 4.8 
- 

3.1 

Capacity Description 
( d S )  

Sheet Flow, Segment D-I 
Smooth surfaces n= 0.01 1 P2= 2.55" 
Sheet Flow, Segment D-2 
Smooth surfaces n= 0.01 I P2= 2.55" 
Shallow Concentrated Flow, Segment D-3 
Unpaved Kv= 16.1 fps 
Shallow Concentrated Flow, Segment D-4 
Unpaved Kv= 16.1 fps 

Bot.W=O.OO' D=I .50' Z= 3.0 8 I .5 '/I n= 0.01 8 
24.18 TrapNee/Rect Channel Flow, Channel D 

756 Total . 

Subcatchment D: Area D 
Hydrograph Plot .. .............................. 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2007 Applied Microcomputer Systems 

Type II 24-hr RainfaIi=A 70" 
Page 6 

1211 0/2004 ') 
1 

Subcatchment E: Area E 

Runoff = 6.07 cfs @ 11.93 hrs, Volume= 0.256 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 
0.885 91 

Tc Length Slope Velocity Capacity Description 

0.8 88 0.0500 1.7 Sheet Flow, Segment E-1 

0.1 12 0.1000 1.5 Sheet Flow, Segment E-2 

0.2 46 0.1000 5.1 Shallow Concentrated Flow, Segment E-3 

0.5 209 0.1670 6.6 Shallow Concentrated Flow, Segment E-4 

0.9 234 0.0050 4.5 22.85 TrapNeelRect Channel Flow, Channel E 

2.5 589 Total 

(min) (feet) (ftlft) (ftlsec) (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 

Bot,W=O,OO' D=1.50' Z= 3.0 & I .5 'I' n= 0.01 8 

4 
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5- ' 

- 4  d u - 
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C 

Subcatchment E: Area E 
Hydrograph Plot 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 

Type I /  24-hr Rainfall=4.70" 
Page 7 

1211 012004 1 HydroCAN 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment F: Area F 

[49] Hint: Tc<2dt may require smaller dt 
Runoff = 17.21 cfs @ 11.91 hrs, Volume= 0.697 af 

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

Area (ac) CN Description 
2.410 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.5 48 0.0500 1.5 Sheet Flow, Segment F-I 

Smooth surfaces n= 0.01 1 P2= 2.55 0.3 52 0.2900 3.1 Sheet Flow, Segment F-2 

Smooth surfaces n= 0.01 1 P2= 2.55" 0.3 137 0.2900 8.7 Shallow Concentrated Flow, Segment F-3 
Unpaved Kv= 16.1 fps 

1.1 237 Total 

(min) (feet) (Wft) (#sed ( d S )  

Subcatchment F: Area F 
Hydrograph Plot 

. , , .. .. .. .. .. . .. . .. .. . .  
. . . .  

, " . . .  . . . . . . .  .......... - - . .  . . .  

P Y 
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Cell 8Expand-Stage0 Type I /  24-hr Rainfall=4.70” 
. Prepared by GeoSyntec Consultants Page .8 
? 1211 0/2004 HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 1 

Subcatchment Pond: Pond Area 

1461 Hint: Tc=O (Instant runoff peak depends on dt) 

Runoff = 16.15 cfs @ 1 I .90 hrs, Volume= 0.753 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type I t  24-hr Rainfalk4.70“ 

Area (ac) CN Description 
2.020 100 Pond Area 

Subcatchment Pond: Pond Area 
Hydrograph Plot 
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... - 

. .  

. . .  

. .  

. . . . .  

. . . . . . . .  

. . . . . . .  

1 16.15 cfs I 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAM 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 9 

I 2/? 012004 \ .) 

1 
Reach 1R: Channel B 

Inflow = 20.77 cfs @ 11.93 hrs, Volume= 0.891 af 
outflow = 19.32 cfs @ 12.00 hrs, Volume= 0.888 af, Atten= 7%, Lag= 3.8 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 4.3 fps, Min. Travel Time= 2.4 rnin 
Avg. Velocity = 1.5 fps, Avg. Travel Time= 6.9 min 

Peak Depth= 1.41' 
Capacity at bank full= 923.30 cfs 
Inlet Invert= 603.00', Outlet Invert= 599.80' 
0.00' x 6.00' deep channel, n= 0.018 Length= 637.0' Slope= 0.0050 7' 
Side Slope 2-value= t .5 3.0 'l' 

Reach IR: Channel B 
Hydrograph Plot 

. .  . .  
- . . . .  - . . . . . . . . . . .  - . . . . . . . . .  . .  . .  . . . . . . . . . . . . . . . . .  - .. . . . . . . . . . . . . .  
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HvdroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfal/=4.70" 
Page I O  

1 2/10/2004 ' 
1 

Reach 2R: Channel C 

(611 Hint: Submerged 51 % of Reach I R bottom 

Inflow = 38.75 cfs @ 11.96 hrs, Volume= 1.869 af 
Outflow = 38.20 cfs @ 12.00 hrs, Volume= 1.866 af, Atten= I%, Lag= 2.0 min 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 6.4 fps, Min. Travel Time= I .2 rnin 
Avg. Velocity = 2.3 fps, Avg. Travel Time= 3.2 min 

Peak Depth= 1.63' 
Capacity at bank full= 1,236.14 cfs 
Inlet Invert= 599.80', Outlet Invert= 595.82' 
0.00' x 6.00' deep channel, n= 0.018 Length= 442.0' Slope= 0.0090 I/' 
Side Slope 2-value= 1.5 3.0 'I' 

Reach 2R: Channel C 
Hydrograph Plot 

A 
I .  

" l-l-q-, -. , r T  . . , . I . . . . , . . . . , . . . . , . . . , 
0 1 2 3 4 5 6 7 8 9 l'0 il 12 i 3  14 15 16 17 18 19 20 

Tlme (hours) 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=$. 70” 
Page 11 

I211012004 

Reach 3R: Channel E 

1 nflow = 23.34 cfs @ 11.94 hrs, Volume= 1.004 af 
Outflow = 22.93 cfs @ I I .96 hrs, Volume= 

Routing by Stor-lnd+Trans method, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Max. Velocity= 4.5 fps, Min. Travel Time= 0.9 min 
Avg. Velocity = 1.6 fps, Avg. Travel Time= 2.5 min 

1.003 af, Atten= 2%, Lag= I .4 min 

Peak Depth= 1.50’ 
Capacity at bank full= 921 -13 cfs 
Inlet tnvert= 595.97’, Outlet Invert= 594.80’ 
0.00’ x 6.00’ deep channel, n= 0.018 Length= 234.0’ Slope= 0.0050 ‘I’ 
Side Slope Z-value= 3.0 1.5 ’1’ 

Reach 3R: Channel E 

Time (hours) 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

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

2/10/2004 

Reach 4R: Dummy Reach 

[40] Hint: Not Described (Outflow=lnflow) 
Inflow = @ 11.98 hrs, Volume= 2.320 af 
Outflow = @ 11.98 hrs, Volume= 2.320 af, Atten= O%, Lag= 0.0 min 

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

C r ? c t n n e )  C 

Reach 4R: Dummy Reach 
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Cell 8Expand-Stage0 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I/ 24-hr Rainfal/=4.70" 
Page 13 

1211 0/2004 -' 
'i 
I 

Reach 5R: Dummy Reach 

[40] Hint: Not Described (Oufflow=lnflo9 
Chann.e-\ k 

Inflow - - e @ 11.95 hrs, Volume= Outflow = 28.29 fs @ 11.95 hrs, Volume= 1.259 af, Atten= O%, Lag= 0.0 min I .259 af 

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

30 

12 
10 

LL ~\ 
'I 

0 

Reach 5R: Dummy Reach 
Hydrograph Plot 

.._ .: .. . _ _  _. . . .. .. . .. .\, .. .,7* . . . . . .  . 
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TvDe I1 24-hr Rainfal1=4.70" 
4 8  Cell 8Expand-Stage0 -. Prepared by GeoSyntec Consultants Page 14 

1 2/10/2004 I HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Pond IRCA: Detention Pond 
= 95.09 cfs @ I 1.93 hrs, Volume= 5.029 af 

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

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

Peak Elev= 591.83' Storage= 5.029 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 
Elevation SurfArea IncStore Cumstore 

(acres) (acre-feet) (acre-feet1 

0.000 0.000 
0.166 0.166 
0.630 0.464 
1.389 0.759 
2.41 2 I .023 
3 . 7 1 1 b  59\.9 = 5 . \ 5 c q  1.299 
5.297 I .586 

(feet) 
586.00 0.035 
587.00 0.298 

0,629 588.00 
589.00 0.889 
590.00 1.157 

1.441 591 .OO 
592.00 I .730 

2, 22 
Pond IRCA: Detention Pond 

d 
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Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type 11 24-hr Rainfail=4.70" 
Page 1 

12/10/2004 

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 

Tc=1.6 rnin CN=91 Area=2.980 ac Runoff= 21.01 cfs 0.862 af 
Subcatchment A: Area A 

Subcatchment B: Area B 
Tc=4.4 rnin CN=92 Area4 -960 ac Runoff= 12.64 cfs 0.567 af 

Subcatchment C: Area C 
Tc=l.7 min CN=91 Area=0.220 ac Runoff= 1.55 cfs 0.064 af 

Subcatchment P: Pond Area 
Tc=O.O rnin CN=100 Area=0.734 ac Runoff= 5.87 cfs 0.274 af 

Reach DRI : Dummy Reach Inflow= 1.55 cfs 0.064 af 
Outflow= 1.55 cfs 0.064 af 

Reach DR2: Dummy Reach 

. Pond JRCA: Detention Pond 1 

Inflow= 12.64 cfs 0.567 af 
Outflow= 12.64 cfs 0.567 af 

Peak Storage' 1.766 af Inflow= 38.99 cfs 1.766 af 
Outflow= 0.00 cfs 0.000 af  

I 

Runoff Area = 5.894 ac Volume = 1.766 af Average Depth = 3.60" 
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Cell 8ExpandStagel 
Prepared by GeoSyntec Consultants 
HydroCAI33 6.00 sln 000929 0 1986-2001 Applied Mlcrocomputer Systems 

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

12/10/2004 ‘I 
I 

Subcatchment A: Area A 

Runoff = 21.01 cfs @ 11.92 hrs, Volume= 0.862 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfalk4.70” 

Area (ac) CN Description 
2.980 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.5 100 0.2900 3.6 Sheet Flow, Segment A-1 

0.1 35 0.2900 8.7 Shallow Concentrated Flow, Segment A-2 

1.0 173 0.0300 2.8 Shallow Concentrated Flow, Segment A-3 

0.0 18 0.2900 8.7 Shallow Concentrated Flow, Segment A 4  

1.6 326 Total 

(min) (feet) (Wft) (#sed (cfs) 

Smooth surfaces n= 0.01 I P2= 2.55” 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Subcatchment A: Area A 

Time (hours) 

- 
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Cell 8ExpandStagel 
Prepared by GeoSyntec Consultants 

Type I /  24-hr Rainfall=4.70" 
Page 3 

12/10/2004 \ HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment B: Area B 

Runoff = 12.64 cfs @ 11.95 hrs, Volume= 0.567 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 
1.960 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.5 100 0.2900 3.6 Sheet Flow, Segment 6-1 

Smooth surfaces n= 0.01 1 0.1 35 0.2900 8.7 Shallow Concentrated Flow, Segment 8-3 

Unpaved Kv= 16.1 fps 1.0 159 0.0300 2.8 Shallow Concentrated Flow, Segment 8-3 

Unpaved Kv= 16.1 fps 0.9 86 0.0100 1.6 Shallow Concentrated Flow, Segment 6-4 

Unpaved Kv= 16.1 fps 0.0 7 0.3300 9.2 Shallow Concentrated Flow, Segment B-5 

Unpaved Kv= 16.1 fps 
1.9 268 0.0060 2.4 I .34 TtapNeelRect Channel Flow, Channel B 

Bot.W=O.OO' D=O.50' Z= 3.0 & 1.5 'I' n= 0.018 
4.4 655 Total 

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

P2= 2.55 

Subcatchment B: Area B 
Hydrogl 

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

1 

, 
+ j ! L i  

_ : : : :  

.- 

. . .  : :  

; : /  . . .  ............ ..,_ . . .  i . - .. ,: . . . . . . . . .  

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

Type I! 24-hr Rainfall=#. 70” 
Page 4 

12/10/2004 .’) 
1 

Subcatchment C: Area C 

Runoff = I .55 cfs @ 11.92 hrs, Volume= 0.064 af 

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

Area (ac) CN Description 
0.220 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.3 60 0.3300 3.4 Sheet Flow, Segment C-1 . 

0.4 27 0.0300 I .I Sheet Flow, Segment C-2 

0.4 13 0.0100 0.6 Sheet Flow, Segment C-3 

0.6 58 0.0100 1.6 Shallow Concentrated Flow, Segment C-4 

(min) (feet) (ft/ft) (Wsec) (Cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55” 

Smooth surfaces n= 0.01 1 P2= 2.55 

Smooth surfaces n= 0.01 1 P2= 2.55” 
- 

Unpaved Kv= 16.1 fps 
1.7 158 Total 

a Subcatchment C: Area C 

Tlme (hours) 
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Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 

Type /I  24-hr Rainfa/l=4,70" 
Page 5 

12/10/2004 ) HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Subcatchment P: Pond Area 

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

Runoff = 5.87 cfs @ 11.90 hrs, Volume= 0.274 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 
0.734 100 Pond Area 

Subcatchment P: Pond Area 
Dh Plot 

Q Y 

I - -  I 

...,.. ..,.... 
6 7 8 9 ?'O I1 12 13 14 15 16 17 18 19 20 

Time (hours) 
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Cell 8Expand-Stagel 
Prepared by GeoSyntec Consultants 

Type II 24-hi Rainfall=4.70" 
Page 6 

") HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/10/2004 
1 

Reach DRI : Dummy Reach 

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

Inflow = 1.55 cfs @ 11.92 hrs, Volume= 
outflow = I .55 cfs @ 11.92 hrs, Volume= 

0.064 af 
0.064 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 /I 24-hi Rainfall=#. 70" 
Page 7 

Cell 8Expand-Stagel 
- Prepared by GeoSyntec Consultants '\ HydroCAW 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems ,1211 012004 ! 

Reach DR2: Dummy Reach 

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

Inflow = 12.64 cfs @ 11.95 hrs, Volume= 0.567 af 
Outflow = 12.64 cfs @ 11.95 hrs, Volume= 0.567 af, Atten= O%, 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 
Hydrograph Plot 

. .  
. .. * , , ,, .., ,. ,. . _, ._,,, ,_ .:. .. ._ _ _  , .. _ _  .. . _ _  _ _  .. .: .. . ._ .. ... . .. . .. . . .. .. .. . . . -. ... . .. .- .. . ... . A_.. -. - - . . 

. .  
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Cell 8Expand-Stagef 
Prepared by GeoSyntec Consultants 
HydroCAiX3 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type II 24-hr Rainfall=4.70" 
Page 8 

1211 0/2004 .\, .L 

Pond IRCA: Detention Pond 

inflow = 38.99 cfs @ 1 -I .92 hrs,  Volume= 1.766 af . 
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= 591.41' Storage= 1.766 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 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

0.035 0.000 0.000 
0.147 0.091 0.091 
0.244 0.1 95 0.286 
0.358 0.301 0.588 
0.482 0.420 I .007 
0.554 0.518 I ,526 
0.622 0.588 2,113 

-L 7 - 2 - , 0 n . C + ~  
Pond IRCA: Detention Pond 

Hydrograph Plot 

l-3%E7d 
. .  . .  
. .  

. , , . . .. . . .. - .. . . .. - . 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Time. (hours) 
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STAGE I1 CALCULATION 
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, J  
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Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAI33 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

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

12/14/2004 

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

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

Subcatchment A: Area A 
Tc=0.8 min CN=91 Area=1.760 ac Runoff= 12.71 cfs 0.509 af 

Subcatchment B: Area B 
Tc=3.4 min CN=91 Area=0.820 ac Runoff= 5.46 cfs 0.237 af 

Subcatchment C: Area C 
Tc=1.2 min CN=91 Area=0.115 ac Runoff= 0.82 cfs 0.033 af 

Subcatchment P: Pond Area 
Tc=O.O min CN=100 Area=0.734 ac Runoff= 5.87 cfs 0.274 af 

Reach DRI : Dummy Reach 

Reach DR2: Dummy Reach 

Pond IRCA: Detention Pond 3 

Inflow= 0.82 cfs 0.033 af 
Outflow= 0.82 cfs 0.033 af 

Inflow= 5.46 cfs 0.237 af 
Outflow= 5.46 cfs 0.237 af 

Peak Storage= 1.053 af Inflow= 23.94 cfs 1.053 af 
Outflow= 0.00 cfs 0.000 af 

Runoff Area = 3.429 ac Volume = 1.053 af Average Depth = 3.69" 
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Cell 8Expand-Stagell Type I1 24-hr Rainfall=A 70" 
Page 2 

1211 412004 
. . . . .  Prepared by GeoSyntec Consultants ' HydroCADB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems ) 

Subcatchment A: Area A 

[49] Hint: Tce2dt may require smaller dt 

Runoff = 12.71 cfs I@ 11.91 hrs, Volume= 0.509 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs,  dt= 0.01 hrs 
Type 11 24-hr Rainfall=4.70" 

Area (ac) CN Description 
I .760 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.4 100 0.3300 3.8 Sheet Flow, Segment A- I  

0.0 2 0.3300 9.2 Shallow Concentrated Flow, Segment A-2 

0.4 69 0.0300 2.8 Shallow Concentrated Flow, Segment A-3 

0.0 17 0.2900 8.7 Shallow Concentrated Flow, Segment A-4 

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

Smooth surfaces n= 0.02 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 
0.8 

'1 

0 

188 Total 

Subcatchment A: Area A 
Hydrograph Plot 

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

. .  .! . . . . . . . . . . .  :. ..: ..i.. _. ;. ..: .: .! 

........ 

. . . . . . . . . .  

. . . . . . . . .  

. .  

. .  

. .: - 

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

. . . . .  

.. ...... - 

I ... ..:. .. - L. 

. i  . .  . .  

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

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

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

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

. .  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  _; 
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Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 sin 000929 0 1986-2001 Applied Microcomputer Systems 

Type 11 24-hr Rainfall=A 70" 
Page 3 

12/14/2004 .\ 
1 

Subcatchment B: Area B 

Runoff = 5.46 cfs @ 11.94 hrs, Volume= 0.237 af 

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

Area (ac) CN Description 
0.820 91 Total Area 

Tc Length Slope Velocity Capacity Description 

0.4 88 0.3300 3.7 Sheet Flow, Segment B-1 
(min) (feet) (ft/ft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 
0.2 12 0.0300 0.9 Sheet Flow, Segment B-2 

0.4 65 0.0300 2.8 Shallow Concentrated Flow, Segment B-3 

0.9 86 0.0100 1.6 Shallow Concentrated Flow, Segment B-4 

0.0 7 0.3300 9.2 Shallow Concentrated Flow, Segment B-5 

1.5 195 0.0050 2.2 1.22 TraplVeelRect Channel Flow, Channel B 

Smooth surfaces n= 0.01 I P2= 2.55 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Unpaved Kv= 16.1 fps 

Bot.w=o.ooe D=o.~o'  Z= I .5 a 3.0 n= 0.01 8 1 3.4 453 Total 

0 

Subcatchment 8: Area B 
Hydrogtaph Plot 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . .  . . . . . . . . . . . . .  
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C e I I 8 Ex pan d,S tag e I I 
Prepared by GeoSyntec Consultants 

Type /I 24-hr Rainfal/=4.70" 
Page 4 

HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 12/14/2004 

Subcatchment C: Area C 

Runoff = 0.82 cfs @ 11.91 hrs, Volume= 0.033 af 

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

Area (ac) CN Description 
0.115 91 Total Area 

TG Length Slope Velocity Capacity Description 

0.2 46 0.3300 3.2 Sheet Flow, Segment C-1 

0.9 41 0.0100 0.8 Sheet Flow, Segment C-2 

0.1 13 0.2900 2.4 Sheet Flow, Segment C-3 

0.0 4 0.2900 8.7 Shallow Concentrated Flow, Segment C-4 

1.2 104 Total 

(min) (feet) (ft/ft) (Used ( d S )  

Smooth surfaces n= 0.01 1 P2= 2.55" 

Smooth surfaces n= 0.01 I P2= 2.55" 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Subcatchment C: Area C 
Hydrograph Plot 

. . . . . . . . .  

. . . . . .  
.. - . . . .  

. . . . . . . . . .  

. . . . . . . . . . .  

- .... - 
. . . . . . . . . . .  

. . . . .  _ _ .  

- 
Time (hours) 
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Type II 24-hr Rainfall=4.70" 
Page 5 

Cell 8Expand-S tag el I 
Prepared by GeoSyntec Consultants 
HydroCADB 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 12/14/2004 

I 
Subcatchment P: Pond Area 

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

Runoff = 5.87 cfs @ 11.90 hrs, Volume= 0.274 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 
0.734 100 Pond Area 

Subcatchment P: Pond Area 

. - . . . . . . . . . . . . . . . . . . . . . . . .  - - . . . . . . .  

- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Cell 8ExpandStagefl 
Prepared by GeoSyntec Consultants 

Type II 24-hr Rainfall=4.70" 
Page 6 

.) HydroCAm 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/14/2004 
I 

Reach DRI: Dummy Reach 

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

0.82 cfs @ I 1  -91 hrs, Volume= Inflow - 
outflow = 0.82 cfs @ 11.91 hrs, Volume= 

- 0.033 af 
0.033 af, Atten= O%, Lag= 0.0 min 

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

0 

Reach DRI: Dummy Reach 
Hydrograph Plot 

. . .  . .  ,..: . .__ : .  ...... '. ... ..... .:... .... .. . . . . .  - -  - :- .. . .. 
. ;  . .  : . .  . .  

; , :  
. : : .  

: . .  

. a .  ,. ,. ., .. ,. ,. .. ., , 
2 3 4 5 6 .7 8 9 1 0 - 1 1  12 13 14 15 16 17 18 13 

Time (hours) 
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Cell 8Expand-Stagell 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type /I 24-hr Rainfall=4.70" 
Page 7 

12/14/2004 '- 

I\ 

Reach DR2: Dummy Reach 1 

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

5.46 cfs @ 11.94 hrs, Volume= Inflow 
outflow = 5.46 cfs @ I 1  -94 hrs, Volume= 

0.237 af 
0.237 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 DRZ: Dummy Reach 
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C e I I 8 Ex pand-S t age II 

HydroCACXB 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70” 
._, Prepared by GeoSyntec Consultants Page 8 

1 211 4/2004 \ 
1 

Pond IRCA: Detention Pond 

1.053 af inflow = 23.94 cfs @ 11.91 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= 590.09’ Storage= 1.053 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

586.00 
587.00 
588.00 
589.00 
590.00 
597 .OO 
592.00 

Surf.Area IncStore Cum. Store 
(acres) (acre-feet) (acre-feet) 
0.035 0.000 0.000 
0.147 0.091 0.091 
0.244 0.195 0.286 
0.358 0.301 0.588 
0.482 0.420 1.007 
0.554 0.51 8 1.526 

2.113 0.622 0.588 r q q Z  oL\zwT 
I 

Pond IRCA: Detention Pond 
Hydrograph Plot 

1 

. .  

- !  

Time (hours) 

* 
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Date: 12/15/2004 Renewed by: Date: Written by: Tamara E. Zetller 

Climf: Fluor Fernsld. Inc. Project: OSDF Wase 1V Projeet No.: GO3309 Task No.:> 

STAGE III CALCULATION 

3 
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Drainage Diagram for Cell Expand-Stagelll  
Prepared by GeoSyntec Consultants 12/8/2004 

HydroCADD 6.00 sln 000929 0 1986-2001 Applied Mlcrocomputer System 
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Cell 8Expand-Stagelll 
Prepared by GeoSyntec Consultants 
HydroCAW 6.00 s/n 000929 0 1986-2001 Applied Microcomputer Systems 

Type I1 24-hr Rainfall=4.70" 
Page 1 

12/8/2004 

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=1.167 ac Runoff= 8.46 cfs 0.338 af 

Subcatchment P: Pond Area 
Tc=O.O min CN=100 Area=0.490 ac Runoff= 3.92 cfs 0.183 af 

Fond IRCA: Detention Pond Peak Storage= 0.520 af Inflow= 12.22 cfs 0.520 af 
Outflow= 0.00 cfs 0,000 af 

Runoff Area = 1.657 ac Volume = 0.520 af Average Depth = 3.77" 

2- Z2,Le5\4+-3 
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Cell 8Expand-Stagelll 

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

Type / I  24-hr RainfaN=4.70" 
- Prepared by GeoSyntec Consultants Page 2 
'1 12/8/2004 
! 

Subcatchment A: Area A 

[491 Hint: TcC2dt may require smaller dt 

Runoff = 8.46 cfs @ 11.91 hrs, Volume= 0.338 af 

Runoff by SCS TR-20 method, UH=SCS, Time Span= 0.00-20.00 hrs, dt= 0.01 hrs 
Type II 24-hr Rainfalk4.70" 

Area (ac) CN Descripfion 
1 .I67 91 Total Sideslope Area A 

Tc Length Slope Velocity Capacity Description 

0.5 I 0 0  0.2600 3.4 Sheet Flow, Segment A-I 

0. I 51 0.2600 8.2 Shallow Concentrated Flow, Segment A-2 

0.6 151 Total 

(rnin) (feet) (Wft) (Wsec) (cfs) 

Smooth surfaces n= 0.01 1 P2= 2.55" 

Unpaved Kv= 16.1 fps 

Subcatchment A: Area A 
Hydrograph Plot 

. . . . . . . . . .  . . . . . . . . . . . .  
9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

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

... - . . . . . . . . . . .  - . . . . . . .  - . . . .  

Tlme (hours) 
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Cell 8Expand-Stagelll 
Prepared by GeoSyntec Consultants. 

Type /I  24-hr Rainfall=A 70” 
Page 3 

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

Subcatchment P: Pond Area 

I za12004 

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

Runoff = 3.92 cfs @ 11.90 hrs, Volume= 0.183 af 

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

Area (ac) CN Description 
0.490 100 Pond Area 

Subcatchment P: Pond Area 
Hydrograph Plot 

........ 

. . . . . . . . . . .  . I  

. . . . . . . . . . . . . . . . . . . . .  . .^  

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

;. . . . . . . .  I . . . . . . . . . .  

- . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

........ - . . . . . . . . . . . . . . . . . . . . . .  

Lm Runoff 1 
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Cell 8Expand-Stagelll . Type / I  24-hr Rainfall=4.70" 

Prepared by GeoSyntec Consultants Page 4 
HydroCADO 6.00 sln 000929 0 1986-2001 Applied Microcomputer Systems 12/8/2004 -.. 

\ 
Pond IRCA: Detention Pond 

Inflow = 12.22 cfs @ 11.90 hrs, Volume= 0.520 af 
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= 590.15' Storage= 0.520 af 
Plug-Flow detention time= (not calculated) 
Storage and wetted areas determined by Prismatic sections 

Elevation 
(feet) 

586.00 
587.00 
588.00 
589.00 
590.00 
591 .OO 
592.00 

Surf.Area 1nc.S tore CumStore 
(acres) (acre-feet) (acre-feet), 

0.055 0.034 0.034 
0.108 0.082 0.1 16 
0.178 0.143 . 0.259 
0.258 0.21 8 0.477 
0.31 9 0.289 0.765 

1.116 0.383 0.351 

0.01 3 0.000 0.000 

L/-- 

Pond IRCA: Detention Pond 
Hydrograph Plot 

A l"""0WI 
If4 oumow 

3 
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OSYNTEC C ] O N S U Z , T A N T ~ ~  t J F  

Date: 12/15/2004 Reviewed by: Date: Written by: Tamara E. Zettler 

Client: Fluor Fernafd. Inc. Project: OSDF Phase Project No.: GO3309 Task No.:* 

ATTACHMENT A-2 

INLET CHAMVEL SPREADSHEET 
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DesigdCheck: TrapezoidaYTriangular Channel 
Methodology: Manning's Equation 

Peak Discharge, Q, c fs 
A 
horizontal : I  vertical 
horizontal : 1 vertical 

Manning's Roughness CoeK 
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Methodology: Manning's Equation 
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j 

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 &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 VU of the OSDF Final Design Calculation 
Package. 
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CASE168R 
0 .  \ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** 
** 
** 
** 
** 
** 
4' ** 

HYDROLOGIC EVALUATION OF LANDFILL  PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) 

** 
** 
** 
** 
** 
** 
** 
** ** ** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
****************************************************************************** 

PRECIPITATION DATA FILE: H: \P rO i@CtS \Ferna l  

SOLAR RADIATION DATA FILE: H:\PrOJ@CtS\Ferna1 
EVAPOTRANSPIRATION DATA: H : \ P r o j e c t s \ F e r n a l  
SOIL  AND DESIGN DATA FILE: H : \ P r o j e c t s \ F e r n a l  

TEMPERATURE DATA F I L E :  H : \ P r o j e c t s \ F e r n a l  

OUTPUT DATA F I L E :  H : \ P r o j e c t s \ F e r n a l  

d \ c e l l 8 \ c a s e l B . D 4  
d \ C e l l 8 \ C a s e l B . D 7  
d \ c e l l 8 \ c a s e l B .  D l 3  
d \ C e l l 8 \ C a s e l B . D l l  
d \ c e l l 8 \ C a s e l B 8 R . D 1 0  
d\cel 'I 8\CaselB8R. OUT 

TIME: 15:32 DATE: 5/12/2004 

************* f t****************************************************************  

'1 
1 TITLE:  Fernald OSDF - Case  18 

****************************************************************************** 

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 31 

= 120.00 INCHES 
- 0.5780 VOL/VOL 

THICKNESS 

FIELD CAPACITY - - 0.0760 VOL/VOL 
POROSITY 

WILTING POINT = 0.0250 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.1790 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = ~ . 4 1 0 0 0 0 0 0 2 0 0 0 E - 0 2  CM/SEC 

d 
TYPE 1 - VERTICAL PERCOLATION LAYER 

Page  1 
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CASElB8 R 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - - THICKNESS 
c 0.4450 VOL/VOt 
- 0.3930 VOL/VOL 

POROSITY 

0.2770 VOL/VOL 
FIELD CAPACITY 
WILT ING POINT 
I N I T I A L  SOIL  WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- - - 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

= 12.00 INCHES - 0.3970 VOLjVOL 
THICKNESS 

- 0.0320 VOL/VOL 
POROSITY 

WILT ING POINT - - 0.0130 VOL/VOL 
F I E L D  C A P A C I N  

I N I T I A L  SOIL WATER CONTENT = 0.0320 VOL/VOL 

2.24 PERCENT SLOPE 
DRAINAGE LENGTH = 385.0 FEET 

- 

EFFECTIVE SAT. HYD. COND. = ~.ooo~ooooooo CM/SEC - 

LAYER 4 ---..---- 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 
0.06 INCHES - - 
0.0000 VOL/VOL 

E 0.0000 VOL/VOL - 0.0000 VOL/VOL 

- THICKNESS 
POROSITY - 
F I E L D  CAPACITY 
W I L T I N G  POINT 

EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALrrV = 3 - GOOD 

- 
I N I T I A L  SOIL WATER CONTENT - 0.0000 VOL/VCk 

0.00 HOLES/ACRE - - 

LAYER 5 -------- 
TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

= 0.25 INCHES 
5 0.7500 VOL/VOL 

THICKNESS 

0.7470 VOL/VOL 
POROSITY 

- 0.4000 VOL/VOL 
F I E L D  CAPACITY 
W I L T I N G  POINT 
I N I T I A L  SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- - 
- 

LAYER 6 -------- 
page 2 
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CASElB8R 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

- - 12.00 INCHES - 0.3970 VOL/VOL 
THICKNESS 

- 0.0320 VOL/VOL 
POROSITY 

WILTING POINT - - 0.0130 VOL/VOL 
FIELD CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 1.00000000000 CM/S EC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 385.0 FEET 

- - 

LAYER 7 -------- 
TYPE 4 - FLEXIBLE MEMBRANE LINER 

MATERIAL TEXTURE NUMBER 35 - - 0.06 INCHES. - 0.0000 VOL/VOL 
e: 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 
F I E L D  CAPACITY 

- 

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

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 8 -------- 
TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 - - 36.25 INCHES 

POROSIW - - 0.4290 VOL/VOL 
THICKNESS 

p? 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
F I E L D  CAPACITY 

I N I T I A L  SOIL WATER CONTENT = 0.4290 VOL/VOt 
EFFECTIVE SAT. HYD. COND. = O.Bl.9999997OOOE-07 CM/SEC 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 3 1 W I T H  BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 5 . %  AND 

, A  SLOPE LENGTH OF 540. FEET. 

SCS RUNOFF CURVE NUMBER - 96.80 
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 L I M I T  OF EVAPORATIVE STORAGE = 6.936 INCHES 

Page 3 
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CAS E188 R 
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.300 INCHES 
I N I T I A L  SNOW WATER - - 0.000 INCHES 
I N I T I A L  WATER IN LAYER MATERIALS = 42.698 INCHES - - 42.698 INCHES TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW - - 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
CINCINNATI OHIO 

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 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 
= 9.10 MPH 
= 70.00 % 
= 67.00 % 
= 73.00 % 
= 72.00 % 

- 

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

NORMAL M E A N  MONTHLY PRECIPITATION (INCHES) 

FEB/AUG MAR/SEP MAY/NOV JUN/DEC ------- APR/OCT 
-----”- ------- JAN/ JUL 

1 
I ------- 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3 .OO 

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

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J UN/DEC ------- APR/OCT MAY/NOV ------- ------- FEB/AUG MAR/SEP ------- ------.- JAN/ JUL 
-----c- 

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 
COEFFICIENTS FOR CINCINNATI OHIO 

AND STATION LATITUDE = 39.29 DEGREES 

***********~******************************************************************* 
Page 4 1’ 
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) 
JAN/3UL FEB/AUG MAR/SEP APR/OCT MAY/NOV 3UN/DEC 

STD. DEVIATIONS 

RUNOFF ------ 
TOTALS 

STD. DEVIATIONS 

1.59 1.34 
1.94 1.59 

0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.000 

0.623 0.556 
3.205 2.290 

STD. DEVIATIONS 0.271 0,310 
1.037 0.982 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 

TOTALS 1.1201 1.2394 
1.5949 1.4525 

STD . DEVIATIONS 0.6491 0.4902 
0.5309 0.6138 

---------------_----__________________3_ 

I 

STD , DEVIATIONS 0,0000 0,0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 ---------------------------------------- 
TOTALS 

STD. DEVIATIONS 

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 

3.77 
2.79 

1.48 
1.78 

0.000 
0.000 

0.000 
0.000 

1.887 
1.874 

0.589 
0.811 

1.4275 
1.3479 

0.4945 
0.5907 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0 I 0000 
0.0000 

3.69 
2.35 

1.54 
1-10 

0.000 
0.000 

0.000 
0.000 

2.884 
1.653 

0.753 
0. s20 

1.8232 
1.2918 

0,2690 
0.6096 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 0000 

0.0000 
0,0000 

0.0000 
0.0000 

3 . 8 3  
3.22 

1.84 
1.36 

0.000 
0.000 

0.000 
0.000 

3.050 
1.373 

0.960 
0.332 

1.8697 
1.0952 

0 I 3086 
0.5642 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0 0000 
0.0000 

0.0000 
0.0000 

4.10 
2.94 

2.18 
1.21 

0.000 
0.000 

0.000 
0.000 

2.900 
0.965 

1.012 
0.255 

1.7071 
0.9858 

0.4044 
0.5468 

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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DAILY AVERAGE HEAD ON TOP O F  LAYER 4 
-_--I----__----^--------------------- 

AVERAGES 0.1096 0.1332 0.1397 0.1843 0. I829 0 - 1726 
0.1561 0.1421 0.1363 0.1264 0.1107 0.0965 

STD. DEVIATIONS 0,0635 0.0530 0.0484 0.0272 0.0302 0.0409 
0.0520 0.0601 0.0597 0.0596 0.0570 0.0535 

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

******************************************************************************* 

******************************************************************************* 

3 RUNOFF 
i 

0.000 ( 0.0000) 0.00 0.000 

EVAPOTRANSPIRATION 23.260 ( 2.6639) 84432.33 57.774 

LATERAL DRAINAGE COLLECTED 16.95500 ( 3.94392) 61546.664 42.11419 
FROM LAYER 3 

PERCOLATION/LEAKAGE THROUGH 0.001)01 ( 0.00000) 0.032 0.00002 
LAYER 5 

AVERAGE HEAD ON TOP 0.141 ( 0.033) 
OF LAYER 4 

LATERAL DRAINAGE COLLECTED 0.00001 ( 0.00000) 0.023 0.00002 
FROM LAYER 6 

0,00000 ( 0.00000) 0.009 0.00001 PERCOLATION/LEAKAGE THROUGH 
LAYER 8 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 
OF LAYER 7 

CHANGE IN WATER STORAGE 0.045 ( 3.0368) 163.32 0.112 
******************************************************************************* 

0 ****************************************************************************~* 
.j Page 6 
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DRAINAGE COLLECTED FROM LAYER 3 0.06463 234.60274 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 O.OOOl2 

0.196 AVERAGE HEAD ON TOP OF LAYER 4 
MAXIMUM HEAD ON TOP OF LAYER 4 0.385 

LOCATION OF MAXIMUM HEAD I N  LAYER 3 
(DISTANCE FROM DRAIN) 6.3 FEET 

DRAINAGE COLLECTED FROM LAYER 6 0.00000 

PERCOtATION/LEAKAGE THROUGH LAYER 8 0.000000 
0.00010 

0.00002 
AVERAGE HEAD ON TOP OF LAYER 7 0.000 

MAXIMUM HEAD ON TOP OF LAYER 7 0.027 

LOCATION OF MAXIMUM HEAD I N  LAYER 

SNOW WATER 7.68 

6 (DISTANCE FROM DRAIN) 0.0 FEET 

27876.4355 
\ 

0.5780 i MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0275 

*** Maximum heads are computed using McEnroe'S equations. *** 
Reference: Maximum s a t u r a t e d  D e p t h . o v e r , L a n d f i l l  L iner  

by Bruce M. McEnroe, U n i v e r s i t y  o f  Kansas 
ASCE Journal o f  Envi ronmental Engi neer i  ng 
V o l .  119, NO. 2, March 1993, pp. 262-270. 

****************************************************************************** 

0 ****************************************************************************** 

3 0.3844 0.0320 
Page 7 
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4 0.0000 0.0000 

5 0.1875 0.7500 

6 0.3840 0.0320 

7 0 .  ooou 0.0000 

8 .  15.5512 0.4290 

SNOW WATER 0.000 

Page 8 
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Project: OSDF - Revised Phase V Projecflroposal No.: GQ321 I TaskNo.: 06 ‘1 Client: Fluor Femald 
I 

LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
EXECUTIVJE 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 ’I 

i oftheOSDF. 

CONCLUSIONS 

Leachate Generation Rates for Cell 8 

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

Average annual for active stage (Le., 10 ft of waste) 
b Average annual for post-closure stage 

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

= 1754 gpad 
=&fW gpad 

= 1261 gpad 
= 0.002 gpad 

0 -0- 

Note that the above design flow rates do not account for large peak flows associated with the- 

.j 
i 

storm design basis flow rate or incremental flows that may occur from 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 
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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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alculation Package “Leachate G
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in these calculation packages. 

The U.S. Environm
ental Protection A

gency 

(U
SEPA

) H
ydrologic Evaluation of Landfill Perform
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odel, V
ersion 3.07 [Schroeder, et 

ai., 1994a, b], is used to
 estim

ate leachate generation rates for C
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SD
F. 
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ates” for three cases 
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ased on these calculation results, it w
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OSDF. Based on the analysis results presented in that Calcuiation Package, it was determined that Case 

lB, and Case 3D (or 3C) are the critical cases that need to be considered for further 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 

Perfurmance (HELP) Model: User’s Guide for Version 3.” US. Environmental Protection Agency, 

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

appendix). 

. 

I 
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 Peflormance (HELP) Model: Engineering Documentation ?or 

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

Washington D.C., Report No. EPA/600/R-94/168b, 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 

Evaporation data 

0 Precipitation data 

* Temperature data 

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” prese 

presented below to account for the new geometry of Cell 8. 

Soil and Design data Requirements 

a Landfill General Information 

- Cell area 

Wfi; and 
sss 

LayerData 

- Drainage path length for the LCS drainage layer 

- - 
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT 
COMPUTATION RESULTS 

The leachate generation rates were estimated for Case f (acthe condition) and Case 3 @ost- 

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 I. 

CalcuIation of Baseline Design Flow Rates for Cell 8 

8 Peak daily for active stage (Le., 10 ft of waste) 

b Peak daily for post-closure stage 

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

) *  
j 

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

= 1754 gpad 
=%&W gpad 
0-054- 

= 1261 gpad 
= 0.002 gpad 
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3 0. z 3 G  

~3136 

+keW)- 

40.26 0 23.26 e 
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t o  w 5  

Written By : RK Date: 12 -03-03 Reviewed by: LMG Date: 12-09-03 

Client: Fluor Femald Project: OSDF - Revised Phase v ProjecWropod No.: GQ32 1 1 Task No.:. 06 

Table 1. Summary of HELP Model Results 

1 1  Peak Daily Values (in) 1 Case 1 Average Annual Totals (in) I 

Notes: 

'P = Precipitation 

2R = Runoff 

1 3E = Evaporation 
i 

4LD = Lateral drainage in LCS drainage corridor 

%Iavg = Average head above the primary geomembrane liner 

61 = Infiltration through primary geomembrane liner 

H,, = Maximum head above the primary geomembrane liner 7 

Document 6774 



-) :* *** * ** * ** * *** * ** *** ** ** * * ** ***** * ** * * * ** * * ** * * * **** * * * * * * *** * ** * ** ** ** ** * * ** 
1 ***********************************************************#****************** ** ** 

** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
** HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) 
** DEVELOPED BY ENVIRONMENTAL LABORATORY 
** USAE WATERWAYS EXPERIMENT STATION 
** FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

** ** 
***********************************************~****************************** 
******************************************~*********************************** 

** ** 
** 
** 
** 
** ** 

PRECIPITATION DATA F I L E :  H:\Projects\Fernald\Cell8\Case3D.D4 
TEMPERATURE DATA F I L E :  H : \ P r o J e c t s \ F e r n a l  d \Ce l l 8 \ case3D.  D 7  

EVAPOTRANSPIRATSON DATA: H:\Pro~ects\Ferna~d\Ce~18\Case3D.D11 

OUTPUT DATA F I L E :  

SOLAR RADIATION DATA F I L E :  H:\Projects\Ferna~d\Ce~~8\Case3D.D13 

SOIL  AND DESIGN DATA FILE : H:\Pro~ects\Ferna~d\cel~8\case3D8R. DIO 
H :  \P ro ]  ects\Fernald\Ce118\Case3DBR. OUT 

TIME: 16: 8 DATE : 5/12/2004 

. * * *~*** * * * * * * * * * * f t * * * * * * * * * * * * * * * * * *~*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
\ 

\ TITLE: Fernald OSDF - Case 3D 

*************************************************~***********~**************** 

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYER5 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 - 0.3980 VOL/VOL 
THICKNESS 
POROSITY 

3 0.2440 VOL/VOL 
WILTING POrNT - - 0.1360 VOt/Vot 
F I E L D  CAPACITY 

I N I T I A L  S O I L  WATER CONTENT = 0.2324 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 

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

LAYER 2 -------- 
page 1 
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i 
TYPE I. - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 0 
21.00 INCHES - - 

- 0.4000 VOL/VOL 
THICKNESS 

- 0.3000 VOL/VOL 
POROSITY 
F IELD CAPACITY 

I N I T I A L  SOIL  WATER CONTENT = 0.2929 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04 CM/SEC 

- 
I 

WILTING POINT - - 0.2000 VOL/VOL 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES - THICKNESS - 
r 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 
EFFECTIVE SAT. HYD. COND. = 0.579999993OOOE-02 CM/SEC 

- 

LAYER 4 -------- 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 0 
36.00 INCHES - - 

- 0.3500 VOL/VOL 
THICKNESS 

F IELD CAPACITY - - 0.0300 VOL/VoL 
POROSILN 

WILTING POINT t 0.0100 VOL/VOL 
I N I T I A L  SOIL  WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT, HYO. COND. = 100.000000000 CM/SEC 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - - 
0.3970 VOL/VOL 

THICKNESS 

- 0.0320 VOL/VOL 
POROSITY 

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

I N I T I A L  SOIL WATER CONTENT = 0.0528 VOL/VOL 
EFFECTIVE SAT. HYO. COND. = 0.100000001000 CM/SEC 

13.40 PERCENT SLOPE - 
DRAINAGE LENGTH = 510.0 FEET 

- - - 

- 

LAYER 6 -------- 
Page  2 

Document 6774 



i 

Document 6774 



i 
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CASE3D8R 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUMBER 3 1  
= 408.00 INCHES 

0.5780 VOL/VOL 
0.0760 VOL/VOL 

POROSITY 

0.0250 VOL/VOL 
FIELD CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT = 0.0760 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

THICKNESS - - 
- - 
- - 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - - 
0.4450 VOL/VOL 

THICKNESS 

0.3930 VOL/VOL 
0.2770 VOL/VOL 

FIELD CAPACITY 
WILTING POINT - 
I N I T I A L  SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- - . POROSITY 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES. I - 
- - 0.3970 VOL/VOL 

THICKNESS 

- 0.0320 VOL/VOL 
POROSITY 

- 0.0130 VOL/VOL 
FIELD C A P A C I n  
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT = 0.0320 VoL/VOL 

2.24 PERCENT SLOPE 
DRAINAGE LENGTH = 385.0 FEET 

- 

EFFECTIVE SAT. HYD. COND. = 1.00~00000000 CM/SEC - - 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES = 
0.0000 VOL/VOL 
0.0000 VOL/VOL 

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

0 , O O  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 ' HOLES/ACRE 

THICKNESS 
POROSITY 
FIELD CAPACITY 

EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY 

FML PtACEMENT QUALITY 3 -GOOD 

- - - 
WILTING POINT = 0.0000 VOL/VOL 

- - 

LAYER 14 
Page 4 

Document 6774 



TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17  

= 0.25 - 0.7500 
THICKNESS 

- - 0.7470 
POROSITY 
FIELD CAPACITY 
WILTING POINT = 0.4000 

- 
J 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
VOL/VOL I N I T I A L  SOIL  WATER CONTENT = 0.7500 

EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

LAYER 15 -------- 
TYPE 2 - LATERAL DRAINAGE LAYER 

MATERIAL TEXTURE NUMBER 0 
12.00 INCHES - - 

POROSITY - - 0.3970 VOL/VOL 
THICKNESS 

r= 0.0320 VOL/VOL 
= 0.0130 VOL/VOL 

F I E L D  CAPACITY 
WILTING POINT 
I N I T I A L  S O I L  WATER CONTENT 5 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = ~.oooooooooo~ CM/S EC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 385.0 FEET 

LAYER 16 ---..---- 

TYPE 4 .. FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

s 0.06 INCHES 
- 0.0000 VOL/VOL 

THICKNESS 

F I E L D  CAPACITY - - 0.0000 VOL/VOL 
POROSIN 

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

FML PINHOLE DENSITY I 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 

36.25 INCHES r 

0.4290 VOL/VOL 
THICKNESS 

0.4200 VOL/VOL 
POROSITY 

0.3670 VOL/VOL 
F I E L D  CAPACITY 
WILTING POINT - 
I N I T I A L  SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997OOOE-07 CM/SEC 

- - - - - 

\ 

i 
Page 5 
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CASE3D8R 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING SOIL TEXTURE #lo WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 510. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
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 IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

80.70 - - 
= 100.0 - - 1.000 
= 30.0 - - 8.162 - - 12 * 099 - - 5.088 - - 0.000 
- 82.454 - - 82.454 - - 0.00 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/Y EAR 

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

CINCINNATI OHIO 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (3ULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE 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 
3 . 5 0  
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) 

MAY/NOV JUN/DEC ------- ------- MAR/SEP APR/OCT - -- -- -- ------- FEB/AUG ------- JAN/ J u L ------- 
3.13 2 . 7 3  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) 

MAY/NOV ~UN/DEC ------- ------- APR/OCT ------- MAR/SEP ------- FEB/AUG 

I) page 6 
-----c.- 

JAN/J UL ------- 
I 
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CASE3D8R 
28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

1 

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

AND STATION LATITUDE = 39.29 DEGREES . 

******************************************************************************* 

3AN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC ------- ----__- ------- ------- ------- ------- 
PRECIPITATION 
-------L--I-- 

TOTALS 3.42 2.87 3.77 3.69 3.83 4.10 
4.51 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 

RUNOFF ------ 
TOTALS 

I 

1.59 1.34 1.48 1.54 1.84 2.18 
2.35 1.59 1.78 1.10 1.36 1 . 2 1  

1.120 1.872 1.188 0.033 0.024 0.078 
0.149 0.024 0.034 0.017 0.042 0.166 

1 
STD . DEVIATIONS 1.338 1.405 1.738 0.086 0.067 0.162 

0.967 0.068 0.085 0.054 0.098 0.541 

EVAPOTRANSPIRATION ------------------ 
TOTALS 0.591 0.554 1.884 3.468 4.478 4.139 

4.251 3.158 2.016 1.242 0.969 0.748 

STD. DEVIATIONS 0.208 0.278 0.564 0.622 1.154 1.494 
1.475 1.478 0.941 0.327 0.182 0.178 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

TOTALS 0.9298 0,6222 2.1590 1.0906 0.4276 0.1304 
0.1822 0.0666 0.0869 0.1549 0.7798 1.4604 

-_---------I-_-----_-------------------- 

STD. DEVIATIONS 1.0578 0.8332 1.1118 1.0386 0.6576 0.3134 
0.6282 0.1837 0.3076 0.3843 1.1033 1.0827 

PERCOLATION/LEAKAGE THROUGH LAYER 7 
L----------------------------------- 

TOTALS 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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TOTALS 

STD. DEVIATIONS I 

PERCOLATION/LEAKAGE 

0.0000 
0.0000 

0.0000 
0.0000 

THROUGH LAYER 

CASE3D8R 
0.0000 
0.0000 

0.0000 
0.0000 

14 
-----LI----------------------------- 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD.  DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STO. 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 1 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 0.2050 0.1504 
0.0402 0.0147 

STD. DEVIATIONS 0.2332 0.2014 
0.1385 0.0405 

DAILY AVERAGE HEAD ON TOP OF LAYER 13  -----------------_------------------- 
AVERAGES 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 
----------------I-------------------- 

AVERAGES 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

0.4760 
0.0198 

0.2451 
0.0701 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.2484 
0.0341 

0.2366 
0.0847 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0943 
0.1776 

0.1450 
0.2513 

0.0000 
0,0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0297 
0.3220 

0.0714 
0,2387 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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RUNOFF 4.747 ( 2.9201) 17233.12 11 .768  

EVAPOTRANSPIRATION 27.498 ( 3.4202) 99818.46 68.162 

LATERAL DRAINAGE COLLECTED 8.09031 ( 3.22816) 29367.822 20.05401 
FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH 0.00003 ( 0.00001) 0 .125  0.00009 
LAYER 7 

AVERAGE HEAD ON TOP 
OF LAYER 6 

0.151 ( 0.061) 

LATERAL DRAINAGE COLLECTED 0.00093 ( 0.00001) 0 .116  0.00008 
FROM LAYER 12 

PERCOLATION/LEAKACE THROUGH 0.00000 ( 0.00000) 0.009 0.00001 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 

LATERAL DRAINAGE COLLECTED 0.00000 ( 0.00000) 0 s 000 0.00000 

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0,009 0.00001 

AVERAGE HEAD ON TOP 0.000 ( 0.000) 

LAYER 14. 

OF LAYER 13 

FROM LAYER 15 '\ 

LAYER 17 

OF LAYER 16 

0.007 ( 1.1735) 24.12 0.016 CHANGE IN WATER STORAGE 

0 ****************************************************************************~* 

8.285 30074.0723 RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 0.71752 2604.58472 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000003 0.00916 

AVERAGE HEAD ON TOP OF LAYER 6 4.903 

3 Page 9 
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CASE3D8R 
MAXIMUM HEAD ON TOP OF LAYER 6 9.401 

LOCATION OF MAXIMUM HEAD I N  LAYER 5 
I 

i (DISTANCE FROM DRAIN) 12.3 FEET 

DRAINAGE COLLECTED FROM LAYER 12 0.00000 
PERCOLATION/LEAKAGE THROUGH LAYER 14 0.000000 

AVERAGE HEAD ON TOP OF LAYER 13 0.000 

MAXIMUM HEAD ON TOP OF LAYER 1 3  0.000 

LOCATION OF MAXIMUM HEAD IN LAYER 12 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 1 5  

PERCOLAlION/LE;AKAGE THROUGH LAYER 17 

AVERAGE HEAD ON TOP OF LAYER 16 

MAXIMUM HEAD ON TOP OF LAYER 16 

LOCATION OF MAXIMUM HEAD IN LAYER 15 
(DISTANCE FROM DRAIN) 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

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

0.0 FEET 

0.00000 

0.000000 

0.000 

0.005 

0.00752 

0.00002 

0.00000 

0.00002 

0.0 FEET 

7.68 27876.4355 

0.3527 

0.1696 

*** Maximum heads are computed using  MCEnroe ’s  equations. *** 
R e f e r e n c e :  Maximum saturated Depth over L a n d f i l l  L iner 

. by B r u c e  M. McEnroe ,  Univers i ty  o f  K a n s a s  
ASCE Journal o f  E n v i  ronmental E n g i  neeri ng 
vol. 119, No. 2, March 1993, pp. 262-270. 

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

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 6.4209 0.3058 

3 0.7823 0.1304 

4 1.0800 0.0300 

P a g e  10 
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5 

6 

7 

8 .  

9 

10 

11 

12 

13 

14 

1 5  

16 
17 

SNOW WATER 

CASE3D8R 
0.3845 

0.0000 

10.4275 

4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0.0000 

0.1875 

0.3840 

0.0000 

15.55l2 

0.000 

0.0320 

0.0000 

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0.0000 

0.7500 

0.0320 

0.0000 ; 

0.4290 

Page 11 
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Written By : RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 

Client: Fluor Femald Project: OSDF - Revised Phase V ProjecWroposal No.: GQ32 I I TaskNo.: 06 ”) 
I 

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 Iayer; 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 (Le., Cells 1 to 7). Baseiine design flow rates for the 
southernmost OSDF cell &e., Celt 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 VI1 of the OSDF Final Design Calculation Package. 

1 

Document 6774 



WrittenBy: RK .. Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 

TaskNo.: 06 Client: Fluor Femdd Project: OSDF - Revised Phase V ProjecVProposal No.: -32 I I . -  

I 
'1 

TABLE OF CONTENTS ! 

EXECUTIVE SUMMARY 1 of2 

CALCULATION PROCEDURES l o f l  

DATA VERIFICATION 1 o f 2  

CALCULATION RESULTS 1 of8 

Document 6774 



Date: 12-09-03 Written By : RK Date: 12-03-03 Reviewed by: LMG 
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i 

LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUP.PLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

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

METHOD OF ANALYSIS 

Drainage Laver: 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 

1 

! 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 verify its ability to convey leachate. 

Calculations were performed for the active operation condition and for the post-closure (Le., 

post-sett lement) 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. 

CONCLUSEUNS 

ACTIVE OPERATION CONDITION: 

Drainage Layer: 0- 3€7 
maximum leachate head, h,, = W i n .  < 12 in. ( O K )  
average leachate head, h,, G i n .  
maximum liquid thickness, T,, *in. 
average liquid thickness, Tavs =*in. 

0 -3-9 

09x3 

i a 03s 

0 
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Drainage Corridor: 4-16 
maximum leachate head, h,, =%in. < 12 in. ( O K )  

rz-33 
average leachate head, havg = W i n  

0 maximum liquid thickness, T,, +in. 
2J b 3 3  

average liquid thickness, Tavg = W i n .  

3.1-6 

drainage comdor capacity, QDC = 23.6 gpm 
required flow capacity, QR =mrn 
flow capacity factor of safe 

3.8 

POST-CLOSURE CONDITION: 

Drainage Laver: 
maximum leachate head, h 

average liquid thickness, Tavg = in, - 6 
Drainage Corridor: 
e maximum leachate head, h 

average leachate head, havg 

average leachate head, hevg = 

maximum liquid thickness, T,, = 34khAV5 in. 2- 21 

&IO5 x 3 0  

-4 
-4 

-4- 

in. 3 r  3.2 X 10 
average liquid thickness, Tays = 6-%&@ in. L * S 6  Lo 

required flow capacity, QR = gpm 3& 0 9 1 0 

maximum liquid thickness, Tmax = 

drainage comdor capacity, QDC = 9.42 gpm 
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LEACHATE COLLECTION SYSTEM (LCS) 
MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT 

CALCULATION PROCEDURES 

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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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 

. 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 

I 
Supplement” as described in the following section. <-3 +?-550 

385 *‘e a-23”/0 *‘ 2.0 P / Q  

350 1 
e 4  ACTIVE: OPERATION CONDITION: 

C 

+e 
DRAMAGE LAYER 62s s r-0% 

Leachate Head: 5 4 )  
qj = the maximum impingement rate of flow into the drainage layer = 0.0646 in. /day (peak daily 

L = the length of the slope +WPEt (3240 in.) 

k= ~ ~ c ~ ~ l ; L  c o f i L t i \ ) i  t 

value from HELP leachate generation analyses results; Case 1 B) = 1 . 9 ~  I O 6  c d s e c  

I - I- c d  s 3f35 I .  

DRAINAGE CORRIDOR J -  
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 -5 
comdor). Therefore, 5 9  3.18 0 6 * 4 J - X 3 0  

1 i q dc = (0.0646 idday) x (45WV 16 ft) =m in. /day (peak daily value) =4-€Mr& cdsec  
L = the length of the drainage comdor = 625 A (7500 in.) - 

A=.-. e,- &\ 2-9 
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350 
i 

<A 

I 

POST-CLOSURE CONDITION: LceQ 

!3 sse 

350 
DRAMAGE LAYER 

-6 Leachate Head: 2.0 v - 0  

b s  H+-d \ iC  

qi = the maximum impingement rate of flow into the drainage layer = w i n .  /day (peak 
daily value from 

L = the length of the 
Case 3D) = # c d s e c  

.5-88g t;'' 

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 -3. 

-5 
~ 3 8  X1-0 conidor) as shown in Figure 2. Therefore, 6. $X%O 3. ox lo' s40 

i qi dc = (!HM&%n./day) x (e ft/ 16 fi) = H x &  in. /day (peak daily value) = d 

L = the length of the drainage corridor = 625 ft (7500 in.) 
cmisec 
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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 perfom calculations for post-closure case. These 
calculation results are presented in the following pages. 
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LCS Draioaee Laver 

i 
I I I 

Thickness (in.) 12 ' 12 
Total Cell Width (R) 540 540 
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LCS Drainage Corridor 

1 I I I 
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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 (i.e., Cells 1 to 7). Baseline design flow rates for the southernmost OSDF cell (i.e., Cell 
8) are different fkom 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 Calculatipn Package. 

’ \ 4 

Document 6774 



GEOSYNTEC CONSULTANTS Page -of ____ 

WrittenBy: RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 
\ 
\ 

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

TABLE OF CONTENTS 

EXECUTIVE SUMMARY 

CALCULATION PROCEDURES 

DATA VERIFICATION 

CALCULATION RESULTS 

1 o f 1  

I o f l  

1of1  

1 of3 

Document 6774 



-P Page %of - GEOSYNTEC CONSULTANTS . .  

Date: 12-09-03 

TaskNo.: 06 

WrittenBy: RK Date: 12-03-03 Reviewed by: LMG 

.\ Client: Fluor Fernsld Project: OSDF - Revised Phase V ProjecVProposal No.: GQ321 I 

LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this analysis is to evaluate the performance ofthe 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. 

’1 
1 

CONCLUSIONS 

Pipe flow capacity for active operation condition, Qp = 196.4.g rn 
Required flow capacity for active operation condition, Qpr = ?+ gpm 
Flow capacity factor of safety for active operation condition, QdQPr 

Required flow capacity for post-closure condition, Q p r =  u g p m  

9- 

8 0  
3 (OK) 

Pipe flow capacity for post-closure condition, Qp = 124.2 gpm ,+ % \ o  -4 

Flow capacity factor of safety for post-closure condition, QplQpr  = I& >> 10 (OK) 
+’”3‘ceSS 
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CALCULATION PROCEDURES 

INTRODUCTION , 

WrittenBy: RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 
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le The purpose of this package is to evaluate the factor of safety for flow capaclcy by comparing t 

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, “Leachate 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.Fina1 Design Calculation Package. 
‘) 
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LEACHATE COLLECTION SYSTEM (LCS) 
LCS PIPE DESIGN - CELL 8 SUPPLEMENT 

DATA VERIFICATION 

-2 3 Pipe flow capacity (Qp) = I .25 x 10 m /s (from CalcuIation Package “Leachate Collection 
System (LCS) LCS Pipe Design’’ - Section 8.3) 

=Q-&&rfe4 m3/s (from Calculation Package “Leachate Collection 
System (LCS) Maximum Head in LCS - Cell 8 Supplement” - Section 

G*&b K\i-4 
Required flow capacity (Qpr) 

8.4) 

A=- 

I 
-- 
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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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LCS Piue 

1 I 

Flow Capacity (m3/s) 1.24E-02 7.84E-03 
Required Capacity (m3/s) 6.20E-04 1.92E-08 
Factor of Safety (For Capacity) 20.00 4.09E+05 
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ADDENDUM TO SECTION 9.1 
(ADDED TO IIEVISION 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 Femaid On-site Disposal Facility (OSDF). The leachate migration 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 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 o f  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 VI1 of the OSDF Final Design Calculation 
Package. 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER - CELL 8 

SUPPLEMENT 
EXECUTIW 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: 

Peak daily rate during active conditions 
Average annual rate during active conditions 

- 4  23-3 xco 

Average annual rate during post-closure conditions = 1.9 x 10“ gpad 
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LEAK DETECTION SYSTEM (LDS) 
MIGRATION THROUGH PRIMARY LINER - CELL 8 

SUPPLEMENT 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the caIculation 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 (LDS) - Migration through Primary Liner” Final Design Calculation Package. 

I 
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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 

0 

0 

Peak daily rate during active conditions 
Average annual rate during active conditions 
Average annual rate during post-closure conditions = 1 . 9 ~  104gpad 

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 10' gpad. 
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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 fife 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 (Le., Cells 1 to 7). 
Baseline design flow rates for the southenunost 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 Calcuiation Package. 

, 

,I ‘ 
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LEAK DETECTION SYSTEM (LDS) 
MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 

EXECUTIWC 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 dosed-form analytical solution. 

.I 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. 

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 calculations. These flow rates 
do not account for large peak flows associated with the storm design basis flow rate. 

CONCLUSIONS 

ACTNE OPERATION CONDITION: 

o*tw&ib LDS Drainage Layer: 

average thickness of liquid, T,,,, = in. 
maximum thickness of liquid, T,, =+WH in. < 12 in. (OK) 

-6. 6-+xro  IW 
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LDS Drainage Corridor: 
maximum Ieachate head, h,, = & in. < I2 in. (OK) 
average leachate head, havg =& in. 3-43 Y lovG i/u 
maximum liquid thickness, T,, = I++kdO%i. % '46 

5 -4 6 K'to -6 i &  

+&. 
1 * 2 3 X \ b  -G ;AJ average liquid thickness, Tavg = i44kW-m 

drainage corridor capacity, QDC = 23.6 gpm 
required flow capacity, QR = 

flow capacity factor of safety, Q ~ ~ / Q R  = &2A& 

-6 5 os XltJ -5 

a -t,,et Cb4c-bP 03 
~f 'tile d e q i f i e j  e 
%e DLP d o e s  

POST-CLOSURE CONDITION: 

LDS Drainage Layer: 
maximum thickness of liq 

1 average thickness of liquid, Tave,w = 

LDS Drainape - Corridor: 

! 1 

maximum leachate head, h,, =W:' ih. < 12 in. (OK) 
average leachate head, havg = 

maximum liquid thickness, T 
average liquid thickness, T,, 
drainage corridor capaci 
required flow capacity, QR 
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LEAK DETECTION SYSTEM (LDS) 

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT 
CALCULATION P R O C E D W S  

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 

] . 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 CaIculation 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 foIlowing section. 

ACTIVE OPERATION CONDITIONS: 

i 
1 

c& 
gP5 e 

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

= 45xP@ gpad average annual daily infiltration calculated using the HELP model) X 1.0 
acres 

= ekte‘Lgpad (peak daily infiltration calculated using the HELP model) X 1 .O acres 

1 * sxlo- 4 

-4 pd 3 8 d  = 6-§Xi& gpdg. 5 & t o  

=&gpd 7 * 5 X l o  -43pJ 

kJ= H 3 h w \ i c  c O ~ ~ & C ~ ; J I  ‘5 = z o q  Is 

8 3 
.I% L = the horizontal length of the s pe =aft (3240 in.) 

y9LJ-7 (75 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). 
hpingement rate is’taken equal to the infiltration through the top liner (from HELP calculations 

] 
performed as part of “Leachate Generation Rates - Cefl8 Supplement” Calculation Package). - 

--!i 
I 

Document 6774 



Written By : RK Date: 12-03-03 Reviewed by: LMG Date: 12-09-03 

) Client: Fluor Femald Project: OSDF - Revised Phase V ProjecVProposal No.: GO321 1 TwkNo.: 06 
\ 
j 

qi = ~ . ~ ~ i g ~  impingement rate of flow into the drainage corridor 
= (&mad or Bkr& idd) x ( S I  16 ft) 

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

3 -3xl0-8 
Id v x  3-0-6 i n /  

- 6 -  - 

POST-CLOSURE CONDITION: 

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

= 1 .9~19~  gpad (average annual daily infiltration 
acres 

= 1.9x104gpd 3 5 0  3-t 
L = the horizontal length of the slope - e f t  (2940 in.) 

\ 
I Drainage Corridor: 
1 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 calcdations 
performed as part of “Leachate Generation Rates - Cell 8 Supplement” Calculation Package). 

qi = the maximum impingement rate of flow into the drainage corridor 
= (1.9 x104 gpad or 2.5 x IO6 idyr) x (+E?%?/ 16 ft) 

0 4  
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LEAK DETECTION SYSTEM (LDS) 

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT (SEE 
VOLUMEVIII) 

CALCULATION FUCSULTS 

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 

0.5 I 

Document 6774 



LDS Drainage Corridor 

I I I 
Drainage Path Length (ft) 
Drainage Path Slope (%) 

625 625 
1 .oo 0.40 

Parameter Active 

[FIOW Capacity (m3/s) I 1.49E-031 5.95E-04 1 

Post-Closure 

Slope Angle (rad) 
Slope Angle (deg) 
Thickness (in.) 
Total Corridor Width (ft) 

.. . - 

0.01 0.00 
0.57 0.23 

12 12 
16 16 

,Required Capacity (m3/s) 3.3 7E-10 6.52E-1 I 
Factor of Safely (For Capacity) 4.70E+06 9.1 1 E+06 
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ADDENDUM TO SECTION 9.3 
(ADDED TO REVISION I PACKAGE) 

The Calculation Package “Leak Detection System (LDS) T i e  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 (Le., 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 VI1 of the OSDF Final Design Calculation Package. 

3 
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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), 
REVIE, 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. 3 
CONCLUSIONS 

3-3- &5 
time of travel for active operation condition = 

time of travel for post-closure condition =- < 20 days (O.K.) 
< 20 days ( O K )  

,3 
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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 rN LDS - CELL s SUPPLEMENT 

DATA VEMFICATION 

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 Final 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. 

. ACTlVE OPERATION CONDITION: 

Time of Travel in the LDS Drainage Laver: J B 5  
LDL = length of flow in the LDS drainage layer e f t  

Time of Travel in the LDS Drainape Corridor: 
LDC = length of flow in the drainage corridor = 5 0 H - B  =s 465 f* 

Time of Travel in the LDS Collector PiDe: 
LCP = length of LDS collector pipe = 54EHt +65 kk 

Time of Travel in the LDS Pipe (Extending from outside the cell to Valve House 8 (VH-8)): 
L, = 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 =4?+Ht 3 5 0 3-t i )  
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t 
Time of Travel in the LDS Drainage Comdor: 

LDC = length of flow in the drainage corridor +%Wt 6 2 5 3t 

Time of Travel in the LDS Collector Pipe: 
k p  = length of LDS collector pipe =- G 2 s 4- -ts 

Time of Travel in the LDS Pipe (Extending from outside the cell to VaIve House 8 (VH-8')): 
Lp = length of LDS pipe extending from outside the cell to VH-8 = 180 fi 
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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 northemmost and interior OSDF cells 
(Le., Cells 1 to 7). Leakage rates for the southernmost OSDF cell (Le., 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 Calcuiation 
Package, and is titled, “Leak Detection System (LDS) LDS Pipe Design - Cell 8 Supplement”. 
Section 9.9 is presented in Volume VI1 of the OSDF Final Design Calculation Package. 1 
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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. 

' ') 
1 

CONCLUSIONS 

pipe flow capacity for active operation condition, Qp = 198 gpm --G 
o required flow capacity for active operation condition, QR -* gpm 3 r - l t X I Q  Jr""̂ .' 

3-'03x\,-69p- 
0 

flow capacity factor of safety for active operation condition, QdQpr= 6=&bd >>3 (OK) 
pipe flow capacity for post-closure condition, Qp = 124 gpm 
required flow capacity for post-closure condition, QR = +kk& gpm 
flow capacity factor of safety for post-cfosure condition, QdQpr =& >> 10 (OK) 

3-93 x\*?J. 

1-55 x 18 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN - CELL 8 SUPPLEMENT 

CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to evaIuate 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 i n  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. 

i 
1 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN - CELL 8 SUPPLEMENT 

DATA VERIFICATION 

-2 3 Pipe flow capacity (Qp) = 1.25 x 10 m Is (from Calculation Package “Leak Detection System 
(LDS) LDS Pipe Design” - Section 9.4) 

- I @  

=&rn3/s (from Calculation Package “Leak Detection System 
(LDS) Maximum Head in LDS” - Cell 8 Supplement” - Section 9.7) 

3CL.rglQ 
Required flow capacity (Qpr) 
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LEAK DETECTION SYSTEM (LDS) 
LDS PIPE DESIGN - CELL 8 SUPPLEMENT 

CALCULATION RTCSULTS 

Hand calculakons 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 
d t s  are presented in the following pages. 
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12.5 OSDF PHASE V, SUWACE-WATER 
MANAGEMENT SYSTEM DESIGN AND 
POST-CLOSURE HYDROLOGY 
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ADDENDUM TO SECTION 12.5 

(REVISION 2A DUE TO CELL 8 EXPANSION DCN) 

This addendum details the calculations that were revised within Section 12.5, OSDF Phase 
V, Surface-Water Management System Design and Post-Closure Hydrology, of the Final Design 
Calculation Package for the Fernald Environmental Management Project (FEMP), due to the re- 
design of Cell 8. This re-design, referred to as the Cell 8 Expansion DCN, encompasses the 
extension of Cell 8 by approximately 100-feet to the South. This addendum discusses the 
modifications made to this calculation package as Revision 2A and as associated with this DCN. . 

For Revision 2A to this calculation package, the critical case for the Surface-Water 
Management System Design was evaluated to confirm compliance with the Surface-Water 
Management and Erosion Control (SWMEC) Pian and the OSDF Design Criteria Package 
(DCP). This critical case is presented as the Construction Design Scenario, which considers the 
25-Year, 24-Hour Storm. The surface water management system was modified to reflect the 
design changes resulting from the expansion of Cell 8 and analyzed to verify the adequacy of the 
designed surface water management features. For this submittal, only the East and West OSDF 
Construction Design Scenarios were modified; i t  should be noted that Design Cases A through C, 
detailed in this section, are not impacted, and therefore, are not presented. 

In order to present the results of this DCN analysis in an efficient manner, only the 
attachments that summarize the modifications and updated results for the surface water 
management system with regard to the DCN are presented. These attachments are listed 
subsequently and explained in further detail. 

’ 

0 Attachment A-2 - Layout of Design Scenario and Design Case SWM Systems. 
These layouts demonstrate the revised configuration of the OSDF. Each surface 
water structure is labeled as identified in the hydrologic analysis. 

0 Attachment A-8 - Nodal Network Diagrams. These diagrams demonstrate the 
revised configuration of the surface water management system as a result of the 
DCN. 

m Attachment B-4 - Data for Time of Concentration Calculations. These data 
demonstrate the revised flow paths used to calculate the time of concentration for the 
revised configuration of subcatchments used i n  the hydrologic analysis. 

Attachment C-1A - HydroCAD Output Reports - 25-Year, %-Hour Storm 
Event, East OSDF Construction-Phase Design Scenario. This attachment 

- 
= 

1 
GQ3309/F0420008 
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provides the results of the hydrologic modeling for the East OSDF Construction 
Design Scenario for the 25-Year, 24-Hour Storm, considered the critical case for 
these calculations. 

Attachment C-1B - HydroCAD Output Reports - 25-Year, 24-Hour Storm 
Event, West OSDF Construction-Phase Design Scenario. This attachment 
provides the results of the hydrologic modeling for the West OSDF Construction 
Design Scenario for the 25-Year, 24-Hour Storm, considered the critical case for 
these calculations. 

Attachment C-2 - Weighted Curve Number Calculations. These calculations 
present the revised areas and Curve Numbers for the revised configuration of 
subcatchments used in the hydrologic analysis. 

Attachment C-3 - Tabulated Analysis Results for Channels. These results 
present the revised channel Characteristics @e., geometry), flow within each channel, 
and hydraulic characteristics including peak flow depth and available freeboard, for 
the revised configuration of channels used in the hydrologic and hydraulic analysis. 
The table has been modified to reflect these results for the East OSDF and West 
OSDF Construction Design Scenario only. The remainder of the table (Le., features 
that have not been modified), has been shaded in  gray. 

Attachment C-4A - CulvertMaster Output Reports for Culverts. These reports 
present the hydraulic analysis for the culverts. These reports are provided only for 
those culverts in the East and West OSDF Construction Design Scenario that were 
modified in design or were impacted by the DCN through altered flow rates. 

Attachment C-4B - Tabulated Analysis Results for Culverts. These results 
present the revised physical characteristics &e., geometry) and profile (;.e., inverts) 
of the revised configuration of culverts. The results also present the hydraulic 
capacity, structural capacity, and required outlet protection for these cuiverts as a 
result of flows analyzed based on the DCN. The table has been modified to reflect 
these results for the East OSDF and West OSDF Construction Design Scenario only. 
The remainder of the table (i.e., the features that have not been modified) has been 
shaded in gray. 

Based on the analyses for the design change of the expansion of Cell 8, all channels and 
culverts are designed in accordance with the requirements of the SWMEC Plan and the DCP. 

i 
GQ3309F0420008 
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ATTACHMENT A-2 

LAYOUT OF DESIGN SCENARIO AND DESIGN CASE SWM SYSTEMS 
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NODAL NETWORK DIAGRAMS 
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ATTACHMENT B-4 

DATA FOR CALCULATION OF TIME OF CONCENTRATION 
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HYDROCADm INPUT PARAMETERS FOR THE CALCULATION OF TIME OF C O N C E W T I O N  
EAST OSDF C O N m U m I O N  DESIGN SCENANO 
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H ~ D R O C A D ~  INPUT PARAMETERS FOR THE C&cULAnON OF TLME OF CONCENTRATION 
WEST OSDF CONSTRUCTION DESIGN SCENARIO 

?Ire F I D W  CIUNNULFU)W I S W  M W  I SHEETFWWJ sH*u*)W CONC-TED Flow I C H * M ( U  M W  I suE3TcHMDyT uBn SI- rulw I 
M ~ O ~  :;;= mw-MIthcni eonmwd(n1  m.wini  ' z ~  sidnlog M-ihfsn h M d S W  Wrm*(n) INnl 

Mdsn bqddsbp 

~slogllml yfiy Fb.DCpd(fi1 INfi) INhi 
u s -  mrbuth s- 

5 - w .  m m w s m  5 w - e  -1'50 (rn) In] oscripmn * M ) D e y W m O N  s - ~  ~,~ USdSbp Fb-LRsh 
th) iNni in) 

w. Rmwim 

A v B j I X A 7 W i l N N C O Y O I  90 GRASSSHORT 0.150 0.0500 60 GRASSSHORT 0.150 0.IwO I50 GRASSSHORT 0.150 0.1700 190 UNPAVED 0.1700 180 0 

B 0 0 

C 0 0 

D 0 0 

2.00 1.0, 6.0 0.030 0.007S 

4.00 6.0, LO 0.010 0.0075 

4.03 6.0,Z.O 0.010 0.0075 

4.03 6.0,2.0 0.030 0.0075 

0.013 0.0100 200 2.00 1.0, 6.0 0.030 0.0075 60 n 
2.00 1.0, 6.0 0.030 0.0015 60 72 0.013 0.0100 t95 

VEGETATEDFINALWVEII 90 GRASS:SHORT 0.150 O.oS00 60 CRASSSHORT 0.150 0 . 1 ~ 0  ISO GRASS:SHORT 0.150 0.1700 200 UNPAVED 0.1700 190 

V b G ~ A l W F l N A L C O ~  90 GRASSSHORT 0.150 O.OS00 60 CRASSSHORT 0.150 0.1Wo 150 GRASSSHORT 0.150 0.1700 203 UNPAVED 0.l7W 190 

VEGETATEDFINALCOYER 90 GRASSSHORT 0.150 0.0500 60 GRASSSHORT 0.150 O.lo00 I50 GRASSSHORT O.IJ0 0.1700 205 UNPAVED OJ7W 154 2.00 3.0.6.0 0.030 0.001s 60 72 0.013 0.0100 195 

0 0.013 0.0029 SMOOTH 0.011 O.lII0 I50 SMDOM 0.011 0.1700 200 UNPAVED 0.1700 510 85 71 3.50 1.0, 6.0 0.030 0.0075 

0 1.50 1.0, 6.0 0.010 0.0075 S I  72 0.013 0.0580 

BR NONVEGEWTEDTauLWVO ,110 SMOOTH 0.011 0.0625 45 

FIR N0NYEGETATP)FTNALCoVO 90 SMOOTH 0.011 0.0510 50 SMOOTH 0.011 0.IMO 150 S M W H  0.011 0.1670 200 UNPAVED 0.1610 I t 4  

R R  HONVEG€rATEDFINALCOVO 90 . S M W  0,OII 0.05M 5S SMOOTH 0.011 0.IwO I50 SMOOTH 0.011 0.1667 200 W A V E D  0.1467 

FR NCNVfI iErATEDWCOVEII  70 SMOOTH 0.011 0.0500 60 SMOOTH 0.011 0.1oM 150 SMOOTH 0.011 0.1670 17s UNPAVED 0.1703 

CR NONMtnATmFDJALCoYEIURUNON 15 SMOOTH 0.011 O.Il00 . IS0 UNPAVED 0.1403 

SIR RWNORTHOFBORIIl)WhllU 7.5 SMOOTH 0.011 0.07M I5 GRASSSHORT 0.150 0.0010 

NORTH OF BORROW ARFA 

. .  

JIR CONSlUUOlONUYmWN 54 GRASSSHORT 0.150 0.1670 . . . 
JZR CONSTRuITlDI lUYmWN 100 GRASSSHORT 0.150 0.0427 - 
KR NONVEGeTAlEOFWMCOVEWRUNON 

LR UMSTRlKl lONUYDDWN 100 GRASSSHORT 0.150 0.0140 . 
MR RUNONNORMOFBOWWARFA 40 GRASS:SHORT O.IS0 0.0985 . 
N CONSTRlKllON LAYDOWN 170 GRASSSHORT 0.150 0.0250 . 
0 DIRE3 R W N T O m N D  

65 SMOOTH 0011 O.Io00 I50 SMOUTH 0.011 0.1700 . 180 UNPAVED 0.1700 . 1 .  HORM OF BORROW A m 3  

60 UNPAMD 0.0170 

- 
PIR CONSTRWTION LAMx)WN 100 GRASSSHORT 0.150 0.0385 I 

PZR CONSTRUCnONUYMWN 110 GRASSSHORT 0.IJO 0.0473 . 
ON R U N O N M X T H W ~ W A R E A  IM GRASSSHORT 0.150 0.0167 . 

. 
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7imespan=0.0024.00 hm. dl=Oo5hrs. 481 polnk 
RumR bv SCS TR-20 melhod. UH=SCS. T # w  II 24.b Rainfall=4.70' 

R a x h  r d n g  by Slcf-lnd*Trans melhod - Pond roullng by Slor.lnd methcd 

S U b f a I c h m n  A- v o g e t ~ e d  be4 cover ayslm 
Tc=17.3min CN43 &es;l.9Btac RwwU~6.81 d s  0.473nl 

'lchmnr A A  runon area easl d OSOF 
1~116.8 m h  CN.74 hea=2.708 ac RuncU= 6 8 7  d s  0.478 a1 I 

>._. aichment B: wagstaled final cover system 
Tc=8.2 mh CN.83 Ama-1.179 ac Run~Hn 5.75 cb 0.285 a1 

Subolchment B E  runon east o f  OSLW 
Tc=9.1 min CN=79 kea=0.781 ac Runall* 3 . 0 3 ~ 1 ~  0.181 a1 

Subcalchmmt C: vsgstatad flnal cover 
1~=20.7 min CNW & C O = S . ~  a~ 18.37 d s  1.2% nf 

Subcalchmml CC: runon easl of OSOF 
Tc=8.7 m)n CN-79 Ama=0.121 nc Rmoll= 0.52 dr 0.026 af 

Subcatchmen1 0 w m e d  Rnal COVH 
Tr-20.lmin CN.83 &c0~5.131 ac R u d =  16.38ds 1.238al 

Subutchmenf MWI: unvegeUted flnal cove# ayslem 
Tc=l.8 min W.89 &ea=O,9!X nc R m I I =  597 d r  0.276 al 

Subcalchmont E: vegetated flnal cover 
1 ~ 1 9 . 7  min CN.83 &ea=5.092 mc Runoll. 18.48 di I.227 el 

Subulchmnt € E  runm north o( b o n w  area 
Tc=25.4min CN.77 Arsa=0925ac RunolI=2.10dr O.t82& 

Subcstdumnl F vegdaled find wvnr 
lC=l9.Imh CN.83 Area25.053ac R u d =  16.35ds 1.217al 

Subcatchmad FFR: unvagataled final cover optem 
Tc=3.8 mir CN.118 Area=4.670 ac Atmoll= 29.08 c l t  1.356 sf 

Subcalchnnnl G; vegetated final cover 
Tc=19.8mk CN=U /\rne=.S5.Jo9ac Rumnu 17.13ds 1279al 

Sukatchmnl  GGR: conslmCUOn l a y d w n  m a  
Tc=ZJ.3 min CN-78 kea=2620 ac RumH= 6.52 dt 0.534 al 

SubuIchmenI HH: runm nom of banow area 
Tc=I3.9& CN-79 Araa=0.5(8 ac Runoff= I.ffid$ O . l l 8 d  

Is-, Type II 2441 RelnIaU=4.70' 
Piapared by GeoSynIec Consultanls p-3 
~ f f i A D I D 6 . 0 0  dn OOO929 0 1W6-mO1 AwGed Micl~mmpuln Svslmr 

Subutchmnl Q: mnon north of h o w  area 

ruanoo4 

Tc*Jl.8min CN=72 Area=?.70ac Rurone 1228ds 1.252ol 

Subcatchment R: rurmn nmth of borrow area 
Tc=21.6min CN=74 Alea=ZB!?ac Rundin583dr OABOal 

Subcsrchmenl S: runon naih oi  borrow area 
Tc=27.9min CN.78 *rea.O.W2 ac RunoR- 0.89 ds 0.082 af 

Subratchmsnt U: runon e a 1  ot OSOF 
lcn32.3mh CN.72 &ea=4.l49mc Rumb 6.67ds 0.674al 

SukalchmDnl V: diren NnOn lo  pond 
Tc=l.O m h  CN=98 Puea=0.274 ac R m H -  2.03 CIS 0.102 nt 

SubcslchinOnt W: Nnon east a( OSOF 
7c=t2bmh CN.12 Area=10.593bc R d *  28.Wds 1.733el 

Subcakhnnnl X mnm a& of OSDF 
Tc.33.4mm CN=71 /\r.s=11.853ac Rupnr 17.5Ods 1.851 fd 

Subddunmt Y: runon wed e M  of OSOF 
Tc=3S.8mh CN=73 Area=6.522ac RUm((=S.&)ds 1.101 sl 

Subcslchmnt Z: ~ n o n  uen 0-1 d OSOF 
Tc=23,7mh CN=72 Aros=1,606ac Runoffs 3.11 d s  O262ml  

h b w m  10.81 dl 0.758~4 
LengIh=4?0.0 MarVal=?.lIp CepsdYr754.78ds -10.08ds 0.7sOel 

I n k  8.61 ds 0.693 el 
LengWl00.0 MaxVar5.4Ipa Capadw l.lO1.Uds O u M 0 . 5 9 d s  a693aI 

hfloW28.57ds 20tOel 
Length= 420.8 Max Vel= 2.7 fpa cdpsar 1.205.98 d8 0- 25.59 d s  Z m  €d 

WIOV 3.30 ds 0.192 af 
L-h= 100.0 Max Vd= 4.3lpa cspscilr 1,101.l2ds Oul&w= a25 ds 0.192 OT 

lnlkwa 40.77 d a  3.24s a1 
Lonph- 420.0 Max Val= 3.3 Ips W m  1 . W 7  d s  Cxdfaw 39.76 d a  3.234 al I.: 1- node, Ln6om3.78ds 0.183aI 
LmgW 100.0 MexVeC 4 . 5 1 ~ ~  capadhp 1.101.12 ds O u h  3.R& 0.162af 

Reach e a  drainage dumnl *53.1Ods 4.461 sl 
52.07 d8 4.451 fd 

Reach 1: ens( dralnsge clunrwl 

Reach IR: (new nods) 

Reach 2 easl dralnpge channel 

Reach 2R: (nm nod.) 

R e x h  % easl &el- channel 

L e n e  420.0 U VE~= 3.5 b s  cepsdhp l.1Og.U ds 

,,p-J ,,.--,., 1 . ~ # 1 , 1 ~ , , - . 1 . , * ,  cIUluJ-1 

tWoCA5B6W s(n 000920 0 l%62001 Mkd Uia~oanplre. Snlanr 
Prepared by GeoSynIec Consullanls 

SubcatdInn"l HR: uIbv.gatated flnal COVH 

Pace 2 

1 ~ 3 . 2  m h  CN=B9 ke.vr.590 ac RumR= 26.110 ds 1.333d ' 

SubcalchmEnt H: runon aroa to borrow wea 
Tc=23.Omh CN-iB(I ATea=I.669 nc RumlI- 2.73 dr O.2Mal 

subotchnmnl IR: un VOgeMod flnal cnver 
Tc=2.1 mm CN=89 ATea=O.7lOoc Rvwn=4.41 ds 0.206al 

Subuldnnnl U runon area 10 h o w  area 
T c ~ 4 l B m h  CN162 &ea=O.S14mc RvwH=0.69ds 0.09401 

Subcatchmad JR: un-ve@slled flnal C0Y.I  
Tc4.Smin CN=89 &oa=2.400ac Rumll= 14.98 dr 0.697 ai 

Subcalehmanl KK: w o n  areatobarow area 
Tc=38.4 min CN-4 A r ~ ~ 5 8 9 3 a c  RmonS 5.63 d s  0.674 a1 

Subcalchmenl I; runon noah of borrow area 
1c115.4mh CN.76 &u.a=l.683ac RunoW-. 4.88 ds 0.3Zuaf 

Subulchnmnl LL: runotl area 
TC=?B.I min cN=61 &ea=r.oaac ~mon=6.8i  d s  0.693d 

Sukrtehmml M: runon notth d borrow area 
Tc-12.1 mln CN=19 mas-t.woac RunoH= 360ds 0.212al 

Subutchmnl M U  runotfarea 
Tc=S.9mL.1 CN=8t &ea.l84Jsc RunoH=J.JOds 0.192d 

Subcatchrind N dlreci NnOn 40 pond 
Tccl.Om'h CN=98 Area-7.818ac Rmdl -  57.89ds 2.808a1 

Subcalehnnnt N N  mndi area 
T-l.4 mln CN=86 AI--1.274 a R d -  3.78 d r  0.182 sf 

SuMChnKnl 0 runon north d h o w  %ea 
Tc=l.3mh CN=79 &ea=-1.317bc RunoH=6.54 cb 0.279at 

Subcatehmmt 00: nmm area to bmow a m  
T ~ 5 . 4 m h  CWBS &ea-0 .3 !Bk  Rumll=l08ds 0.051d 

Subutckmmt P runon nonh of bonow area 
Tc=33.7 mln CN-75 Arur5.238 ac Runon= 9.16 ds 0.955 nf 

Subulchmenl P P  wwcated h o w  area 
Tcc65.5 min CN-E4 ATeai40.Dg4 mc Rurnfb 25.40 d s  4.631 a1 

EASTOS-I Type I I  24-hr Rainlal1=4.70' 
Prepared by GeoSyntec Consullanls page4 

Reach 5: east drahaga chonrul mwm-tn.escl~ 5.66901 
~mgm= 4 ~ 1 ) '  Max Vd- 3.5 rps caps+= iez.56 d8 0utne.v 6269 CIS s.856sf 

hD*m 7328 ds 6935al 
LengU1=480.0 Max Ve(=4.6 Ips Capscilp 250.21 dr 0- R.46 dr 6923 01 

In- 75.24 d s  E.256al 

WcCAD86.00 dnooo929 1988-2001 AppliodMlaoumDul~Smlems 1- 

R d  6: 0141 drainage c h a m 1  

R ~ e c h  7R NM dlvnslon channel 
Len@= 467.8 Max vel- 3.6 Ips ca+aciw t.152.93 nr oumorr 74.zr crs 8 . z ~ )  d 

wlar 76.15 ds 9.594 at 
L.np(h= 241.0 M u  Vel= 3.1 Ips Capacity= 1.UXl.80 ds Oummr 76.26 cfs 9.583eI 

76.73 cb 8.859 SI 
144.0' Mea Valm 3.6 Ips Capaolv. 425.10 d s  76.33 d s  9652 al 

w)o*- 78.67 dr 10.058 el 
Length- 5 S . W  LUu Vel- 7.B Ips Cwxilp 1.940.52 d r  0- 7832 d s  10.049 af 

InWP 77.31 ds t0.743d 
LmgUw142.ff MexVnk4.7fps CapadW-53l.lOdr Oumor 77.00ds 10.737d 

Reach 11: n-CMParch lnJ l9w 79.65dr 11.270at 
L n g W  40.0 MarVe(= 0.7 Ips Capacnla 52231 dr hmb*. 79.58 ds I l i S 9  af 

lnllaF79.58ch 1t289sl 
L ~ * 2 4 O . O  NuVel=3.7Ips Cepxdp117.79ds OuIbw= 79.1ids 1t.2S4af 

In- 145.19ds Z l 2 2 2 a l  
L e 4 s O . 0  MarVd.4.3b. cSpxiWY8.63ds ouUlom1443Bd$ 2i. lmaf 

1- 0.52 d$ 0.026 d 

Reach 8R: runotldlverslm channel 

Reach OR. nmof fd i vdon  chnnd 

Reach WAR: (MW node) 

Reach t0QR: runotl dhsralm channel 

Ranch 12R runofl divsnlon chnnd 

Reach 13R: moll dlverslon chmnd 

R& 1 4  em1 N n m  channel 
Lengm= 420.0 Max VellO.9 Ips Copocdv= 22.76 dr Oumor 0.38 ds 0.025 el 

lrdlow3.2Odr O.I%Baf 
LengV1.420.0' WV&-1.8lpr Cspplty=61.62Js Oumo*r-2.82dr 0.186al 

hdbw 9.76 dr 0.664 el 
L-9 420.0 Max Vel= 2.8 Ips clparitp 256.58 d a  Outfmw= 9.33 ds ( L a 1  al 

Inlla 12.43 ds 0.923 BT 

Reach 15: a a d  runon channel 

- 
Reach 16: eiut rurmn chsnnd 

Rea& %I: era1 nmm channel 
L U I Q U B = ~ ? O . U  M ~ V ~ J ~ I ~ S  -~M.IIJ& oumapizo~d~ aglisl 

Rpvh (&east runon chrual h+2I lSds ZOZd 
Lmpmn440.0 hhaVrI=3,7b. C w l 6 9 . 2 O d s  ouma*.20.9Dds ZOl le I  

wkr S.43 d s  3.868 el 
Langlh=470.0 MexVel-2.8fps Capadlp91t.12ds Ou-37.75& 3.1)55al 

Reach 19: east mnon chuwl 
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Subcatchment B B  Nnon easl d OSDF 

Runofi = 3.03 d S  @ 12.01 hls. Volume= 0.161 al 

Rundl by SCS TR-10 melhod. UHSCS. TLme Span= 0.W24.W hn. dl= 0.05 hrs 
Type I1 Pbhr  ttatnfEh4.70- 

I C  Len@ slope velocny CaPaCiW IJfJscllPiion 
[tian) (lee!) (Hnt) (hlsec) (ds) 
8.7 190 0.08oO 0.3 . Sheet Flow. 

2.4 360 O.Oo40 2.5 22.78 TrapNeelRdChsnndFlow. 

8.1 470 Tolsl 

Grass: Shod n= 0.1% P2= 2.60' 

BOI.W=O.W' o=$.W 2. 3.0 d 5.0 r n= 0.030 

Subcatchment B B  runan east of OSDF ' 

Hydrwr.ph Plot . . . .  . .  I 
. . . . . . . . . . . .  

lmn lhw-l 

Tvoe N 24-hr RalnfaW. 70' 
ii 
.os-r 

Prepared by GeoSynlec Consullank P W  11 
pDcAwD6.W dnoo0929 e 191)62Wl AvdiedMVJoumOUlutsr S v s l a r  1?&m4 

Subcatchment CC: runan easi of OSDF 

Runofl = 0.52 cfs@ 11.9Bhn. Vdume- 0.026al 

Rundlby SCS TR-20 methad. UH=SCS. TIm Span= O.W.24.00 h. dl= 0.05 hn 
Type II 2- ReinfalC4.7(r 

Area(ac) CN Descnplion 
0.121 79 

Tc Lennlh Slope Velwy CaPadty D n c ~ p m  

6.7 110 0.0800 0.3 S h R t  w, 
(mbr) ( f d l  IRM) (lysecl (cfs) 

Gmss:Shat n=0150 P 2 = Z W  

Subcalchment CC: mnon eat1 of OSDF 
Hydrograph PI01 

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

.... .:..._ .................... 

Area(ac) CN Descripli 
5.209 83 

3.8 60 0.lOW 0.3 Sheel Flw. 
Grass: Shed n= 0.150 P2= 2.60' 

GI-: Short w 0.150 P2= 2.6W 

Unpaved Ku- 16.1 fps 

Bcl.W=O.o(T D=I.OP Z= 8.0 4 .07  n= 0.030 

6.4 150 0.17W 0.4- Shnl now. 
0.4 170 0.1700 6.6 Shallor Concenlraled ROW. 

3.2 *oo Om45 2.1 10.88 T r a f l e e / R a c l C h a n n l ~ ~ .  

20.7 870 Tobl 

Subcatchmenl C: vegetated final cover 

. . . . . . .  

. . . . . .  

. . . . . . .  . . . . . . . . . . . . .  r a i l  . . . . .  
. . . . . . . . . .  9 . .  ..... 

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

. . . . . . . . . .  
. , . _ _ . .  ~ . .  . .  . . . . . . . . . .  

. . . . .  . .  . , .  . . .  .! ..L ..: 1 

. . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . .  I . . . . . . . . . . . .  I ...... . . .  . _ ,  . . . . . .  . .: . . . . . . . . . . . . .  .-I .:. . . . . . . . .  ............... 
/ .  

. :_ ., 
_ . . ' . .  . . . . . . . . .  
. e _ .  ...... . . .  . .  

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

Subcatchment 0: vegetated final cover 

Runofl = 16.39 cls @ 12.13 hfS. Volume= 1.m El 

~ u m m  by SCs TR-20 memod. UH'SCS. nme Span- 0.00-24.00 hrs. dt= 0.05 hm 
' r y p  11 26hr Raidall-4.70- 

Area(ad CN D e s t m c m  
5.131 83 

3.8 so 0.1000 a 3  Shnr Flow. 

6.4 150 0.1700 0.4 Shea Flow. 

0.4 170 0.1700 6.6 Shallow Conconbatad flov. 

1.7 250 0.0045 2.4 16.16 TrapNaeRestCh8nnelFlav. 

0.9 150 0.0050 2.9 25.90 TrapNaeR&ChonnclFlav. 

Grws: S h m  n= 0.150 P2= 2.60' 

Orass: Shod n= P2= 2.60' 

Unpaved Kv= 16.1 Ips 

BoCW=O.w)' D=12II Z= 5.0h3.07 n=0.030 

~d.wr0.W 0~1.59 2- 4.0 h 3.0 'I n= 0.030 
20.1 a70 TOW 

Subcatchment Or vegetated fin@ cover 
HydrDarw2h Pbl 

. . . . . . . .  . . . . . . . . . . . .  :..:.. ....... :__:_ . . . . . . .  

. . . . . .  - 1-1 
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Subcatchment FFR. unvegotated final cover system 

1491 Hi: Tc<2dl may requlfa smaner dl 

RUlofl 28.08 CIS @ 11.94 hs. Vdume= 1.358 el 

Finn11 by SCS TR-20 Whod. UH=SCS. Tlm SPaW 0.0924.00 hrs. dln 0.05 hrt 
' 24-hr RainlaP=4.70' 

ilac) CN m x d p l i o n  
4.670 89 

Tc Length Slope Vekdy CapacaY Desciiplh 
Imin) (leal) (run) ((VSeC) Ids) 

0.9 90 0.0soo 1.8 S h . 1  nm. 
smoolh rurtacss I F  0.011 PZ- 2.60- 

Smraulsulkes n=O.Oll P2-2.60' 

Smmthswfaces n= 0.011 P2= 2.60' 

Unpsvad Kv= 16.1 Ips 

Paved K v = Z O . 3 ~  

f!dw=o.w 1 3 6 4 4  Z=6.0 8 3.0 -r n= 0.030 

0.4 50 O . l o 0 0  21 Shwl Fkw. 

0.8 160 0.1700 3.2 Shnt flm, 

0.3 1XJ 0.1700 8.0 bhallm concentrstcd Row, 

0.0 12 0.0500 4.5 Shallow CmcsnUaled Flow, 

1.2 487 0.0050 8.7 914.80 TrapN.IIRlctCh.nrwlfla. 

3.6 899 Total 

Sumchment G vegetated final covar 

R w H  = 17.13dS@) 12.12Ns. Volume= 1.279al 

RmH by SCS TR-20 memod. UH-SCS. Tim Span= O.oD24.00 hrs. dl= 0.05 hts 
T ~ I I  z4hr ~ai,1ra11=4.70- 

3 8  60 0.1000 0.9 shed Row. 
Gmu: Shad n= 0.150 P20 2.80' 

Grsrs:short n=O. lW P2~2.60' 

w e d  Kvr 16.1 Ips 

8.4 150 0.17M) 0.4 ShNt nOW. 

0.4 170 0.t700 6.6 Shallow Cmmnlraled fla. 

Subcatchment G vegetated final cover 
Hydroonph Pm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . .  

. . . . . . . . .  

. . . . . . .  

.. .,. _:. . . . . .  . i . . .  
............................... i .  . .  ; . ;... .. 

. . I  
. .  . . . .  , . . . . . . .  . .  I E I8 . _ i  . . . . . . . . . . . . . . . . . . .  

Subcatchment FFR: unwgotated final cover system 
HydropraohPlol 

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

I 14 IS I6 I 1  I8 89 10 I 1  2? 13 24  
I.) 

..... a y. ;.. . . . . . . . . . . . . . . . . . . . .  . . . .  . . .  . . .  . . . . . . . . .  . . . . .  . . .  
I . . . . . . . . . . . . . . . . . . . . . . . .  . .  

..... 

Ih. lhar 

Subcatchment GGE metructlon laydown area 

Rvmfl = 8.52 CIS @ 12.1 7 his. Vdume= 0.534 af 

R d  by SCS TR.20 m e W .  UHzSCS. Tbne Span= 0.00-24.00 hrt. dl= 0.05 ho 
Type II 24-hr RalnlalC4.7Q 

Araa(ac) CN oatuiollm 
2.620 78 
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17.4 840 0.00% 0.8 sh.HarCaUmnrral.dRar. 
Ucoaved Kv-16.lIPS 

41.9 1290 l d  

Subcalchment JJ: funon area lo bmow area 

, .  . .  W W . P h  pm .~ . . , .  . .  ............ .... . . . . . .  . . . . . . . .  . . .  . .  _,. 
. . . . . .  ................. . . . . . . . . . . . .  i 

. .  
. .  

Subcatchment JR: un-vegetated flnal cover 

. , . .  . . I .  I .  

Wropr.ph PW 
....... ....................... . . !  .............. i ........... . .  

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

o * 2 t 4 s n I I o (a I I  11 13 14 IS 16 11 $8 n B 21 I? n 11 
TII IM-1 

preparea Dy ci&osyniec umsuimnis 
WoCawD6.W eJnnooo929 e t%mI A@ed MinoccmputmspIcmi 

Subcatchmen1 JR: un-vegetated anal  cover 

(49) nW: Tce2dl may iequke smaner dt 

RUM = 14.uacrsa ii.whn. o.ci97d 

R m J f  by SCS TR-20 mlhod. UH=SCS, lha Span= 0.0024.00 hn. dl= 0.05 hi 
Type I1 24-hr RainfaU=4.70' 

/\rea(ac) CN M ! S l b n  . 
2.400 69 

Tc LengV, Slope Velacity Capacity Dmcdptan 

0.8 80 0 . W  1.7 ShWI flow. 
smmuldaces n=O.O11 P2.2.W 

0.4 55 0.1Mx) 2.1 shed now. 
Smooul sufacsi n= 0.011 P2= 2.60' 

0.9 165 0.1700 3.2 sheet Rwr. 
Smooth swlaces n= 0.011 PZ= 2.60' 
Shallm Concarbated Flow, 0.4 145 0.1700 6.6 
Unpaved Kv= 16.1 Ips 
Shsllaw ConconIraled Flow, 0.0 12 0.om 4.5 
Paved Kv* 20.3 Ipt 

1.0 356 O.Oo50 6.1 613.65 TrapNcelRsdChannelflw, 
E!al.W=9.00' D=J.ES Z= 8.0 & 3.07 no 0.030 

3.5 813 Tole1 

(min) (reel) (Rm) (Ysec) (CIS) 

EASTOS-1 rype /I 24-hrReinfalt.4.70' 
P w e d  by GaoSyntec Consullanls PagE 28 
HvdrocAwDB.00 sm wo929 01986.2001 Ao&d hliiacamlmmsvatems 12/9nM10 

Subcatchment KK: runon arealo borrow area 

RUKdf = 5.63dS @ 12.38 hfS. V O h l E P  0.674 Sf 

RumN by SCS TR-2Omelhcd, U H S C S .  Time Spa~0.00-24.00 hrs. dl= 0.05 hrs 
Type II ZChr Rainlall-4.70 

Areafad CN Descdplian 
5.895 64 

Tc Lemih Slope Vnloa'ly Capacity Oesdplion 
(min) (reel) (nnt) llvsec) Ids) 
22.9 300 0.0280 0.2 Flar, 

~ s : S h O r l  n=O.IM Pz= 2.80' 

U w e d  Kv= 16.1 Ips 

Unpaved Kvn 16.1 Ips 

UnDsved Kv= 16.1 Ips 

1.3 150 0.0140 1.8 Shellar Concsntrared FkW, 

0.3 110 0.1680 8.8 S b l h  Cmsm1ml.d How. 

11.9 em 0.0030 0.9 Shallow CmconlrPled Flow. 

s.4 1,190 Total 

Subcatchment K K  runm area lo bonow area 

. . .  . . .  Hyeroprwh FW 

. . .  . .  . . . . . . . . . . .  : ............ ... _._ ..... : . - i ............ , .. 
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lsRMnl 

. .  i ......... i . . :  ......... . . . . . . . .  . - .  ' . . . . . . .  

1 
Type // 24-hr RaMell=4.70' 

Prepared by GeoSyntec Consultants Pace 35 
~ ~ O C A D B ~ M  d n m m  O ~ ~ M - M O ~  mm~ad ~~craorn~utns~~tm~ 1z81200& 

Subcatchment 0. runon north of borrow area 

.SS-l 

1491 Hmf: Tc<2dl may quire ameUer dl 

RumH = 6.64 CIS @ 11.91 hn. V d w -  0.279al 

R m H  by SCS TR-M rnelhod. UH-SCS. Tlme Span= 0.00-24.00 hn. 
Tvpe I1 2 4 h  Rd1daU~4.70' 

0.05 hm 

Areafad CN Descridian 
1.317 78 

To Le@ Slopb Vek-Ay CapadlY DeSUiP(i0n 

1.3 230 0.0088 2 9  (4.28 TWbd.dCha l Id f lOW.  
(mhl) f l e w  (wn) (Illsee) (CIS) 

~o(.wso.o(r ~ 1 . 0 ~  z= 5.07 n- 0.0u) 

Subcatchment 0 anon north of h o w  area 

Prepared by GeoSyntec Consullanls . -... 
W d A D B  6.W d n  000929 0 198&1Wl *DDfIM MAicrooomWcrter Swfems 17JSl2DOq 

Subcatchmen1 NN: runoff area 

p Q ]  Hml: Tc<Zdl may reguim Bmaller dt 

Rundf = 3.78clrf3 11.9Zhs. Volume= 0.162al 

RwdJ by SEX TR-20 mnulod. vH=SCS. nrne Span- 0.00.24.00 hrs. dl= 0.05 hn 
Twell24-lu Rainl&l=4.70' 

A m a l a c )  CN C h S C ~ l h  

1.274 68 

Subcatchment NN: runoff area 
Hyddrogrwh Plot 

A . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . 
3 

- B . . . . .  , . . . . . . . . . .  . . . . . . . . . . . .  

B '  
1 

0 a I z 3 4 5 I) 7 a 9 10 II 12 r a  14 13 18 t i  18 i o  10 21 n 1 3  24 
Th.r lhoml 

Type N 24-hr Re/nfa11=4.70' 
Page 36 

1- 

W0s-l 
prepared by GeoSyntec Consullanls 
H , ~ I O W D S B . O O  sh ooo929 0 lWZW1 ADMEA Mivommouw Smlema 

Subcatchment 00: runon area lo bonow area 

149) Hint Tw2dl rnayroqulre 8maUet 61 

R d  = l .Wds@ 11.97hn. Volume= 0.051 a1 

R& by SCS TR-20 m6lhOd. UH=SCS. Time Span= 0.00-24.W ha, dl=O.OOShrr 
Type II 24-hr Rainlab4.7Q 

Area(=) CN Dascrlpllon 
0.389 66 

Tc Length Slope Velocity Capacity Descriptkn 

5.4 120 0.1680 0.4 shmt now. 
(mh) Ifeel) flWt) ffvssc) (cts) 

Grau:Shon n=O.lSO PZ-2.W 

Subcatchment 00: funon area to borrow am8 
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Subcatchment S: tunon north of barow area 

R d  I 0.88 CIS @ 12.2 hrs. Vdume- 0.082al 

R U M  by SCS TR-20 mcma). UHXSCS. Tune Spaw 0.0024.M) h5. dl= 0.05 hr5 
Tvps I1 24-hr RalnlaY=4.70' 

: ~ ( a c )  CN hcdplion 
'0402 78 
1 .  

ic  Lenpv, slope vw ~ssuipljon 

27.8 280 0.0150 0.2 shea1 flw. 
[rnln) [feet) IfUH) (WSeC) Id5) 

Grass: Shwl n- 0.150 P2- 2.60' 

BOLW=O.OU 04.07 Z= 3.0'1 n= 0.030 
0.1 30 0.0100 8.3 169.20 TrepNeJRectChannslFlow. 

27.9 310 To181 

Subcatchment 9: mnon norlh of borrow area 

I 

I 

Type N 2441 Rairffafk4.70- 
Paw 43 

12/812004 

i .os1 
Prepared by GeoSynIec Consubnls 
lt,dracAcm 6 00 dn M)o929 e lD@%2Wl A u m d  hikmaw~wle~ Svalmms 

Subcatchment V: d1re.d runon to pond 

1491 Hint Tc<2dl may require smaller d( 

R d  - 2,03ds@ l1.90hrs. Volume= 0 . 1 0 2 ~  

RunOn by SCS TR.20 mayrod. UH=SCS. 71ms Span= 0.00-24.00 hr8. dl= O.OShr6 
Typ 11 W.hr RalnlslC4.70' 

Area[ac) CN Dasdpliocr 
0.274 B8 

Tc Lenglh Sbpe Velocity Capacity h d p l i o n  

1 .o Dlrect Entry. 
(mln) (leal) (M) (Wrac) lclsl 

Subcatchment V direct runon to  pond 

Subcatchment U. runon east of OSDF 

Runon = 6.57cle@ 12.28ho. Volume= 0.674al 

R ~ H ~ S ~ T ~ . ~ ~ . U H ~ ~ . ~ ~ S ~ ~ O . ~ Z ~ . ~ ~ , ~ ~ = O . O ~ ~  
Typo II 24-hr RainfaR.4.70' 

hea(ad CN Desuip(an 
4189 72 

Tc Length SWa v m  Capacdy Dewriplion 

30.2 300 0.0140 0.2 Shea: Flow. 
(min) (feel) (WRl ( Ivsnl (CIS) 

0ras.srs: Shon n= 0.150 PZ= 2.W 
Shallow Concnnlnted Row. 
Unoaved Kv= 18.1 Ips 

2.1 240 0.0140 t.9 

32.3 540 Tdal 

Subcatchment U: runon east of OSDF 
Hydragraph Plol 

A '  
. . . . . . . . . . . . . . . . . .  +I : . ~ 

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

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

. . . . . . . . . . . . .  I .  . .  ' I . .  

. .  

. . .  

Subcatchment W: NnDn e s t  d OSDF 

RWH = 28.88 cb @ 12.05 hrs. Volume. 1.733 ai 

R ~ M H  by SCS TR-20 rnelhod. UH=SCS. Tlme Span- 0.00-24.00 Ins, di- 0.05 hrs 
~vpe 11 26hr Ralnlall-4.70- 

Tc Length Slope Velocily Cawcily Cxscdption 

10.9 300 0.1780 0.5 Shwl Flow. 
(mh) Ifeel) (ffllo (Wsec) (cfsl 

Grasr S M  n= 0.150 P2= 2.W 

Unpaved KV- 16.1 fps 

L?&.W=O.W m3.W Z= 3.0 6 3 - 0 7  n* 0.030 

1.0 400 0.1lW 6.8 Shallow Conoentralrd Flow, 

0.7 270 0.01 14 6.9 1,025.43 TrepNealRsa Chnml Flow, 

128 970 Told 

Subwtchment W runon east of OSDF 
""A.,.".."L .... ..," .-..- r.. .". 

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

I . . .  ........ 

* . _ _  . . . . . . . .  
. .  . . . . . . . . .  

.. ..... . I .  1 _ d _ _ .  . .  :..:. .............. i..:..: .... 
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Reach I R  (new node) 

15-21 &t Inlel cmrhtbn no( evalualed 
1651 Warning: Ide~ W a t b n  no( specif& 

lnflw = 6.61 clr @ 1225 hra. Vdunez 0.693 a! 
y) = 6.59 cfs @ 12.26 his, Vd-= 0.693 el. Allen= 0%. 0.5 rnln 

!by Stor.tnd*Tmns rnelhad. Time Span= 0.W24.W hrs. dt= 0.05 tu6 
L i l y =  5.4 Ips. Min. Travel Timw 0.3 rnin 

, . . d k w y  = 2.5 Ips. Avg. Travel %e= 0.7 min 

Peak Depth= 0.33' 
Capadlyalbank ldk 1,101.12ds 
A l a w  of 2.00has &en applied lo Ihe suwM.3 sloraw and dscharge data 
72.0'MamderPipe n= 0.010 Length= 100.0' Slope= 0.01M)'f 

Reach 1R: (new node) 
Hydrograph Plot 

I 

6 

6 

I 

5 4  

t 
. .. . .. ' J  

2 

I 

0 

Tvpe 11 2dhr Rainlel/4.70' 
Page 51 

1 U9/2W4 

f 
, 6s-1 

Prepared by GeoSynlec Consultants 
HrdmCACB6LU .how929 0 1986-2001 -red Miaa~nwtuSvrfems 

Reach 2R (new node) 

(521 Hi: Inkl d i l i o n s  1101 avaIual6d 
[eSl wamlng: Inlet elevalion nat sp~%ed 

lnnnw = 3.30 CIS @ 12.03 his, Volumw 0.192 af 
OVmw = 3.25 c h  @ 12.04 Ius. Volume; 0.192 al. Allen= 1%. Lag= 0.7 min 

Rwling by Slu-lnd+Trans method. Time Span- 0.00-24.00 hrs. dl= 0.05 hn 
Max. Velocity= 4.3 Ips. Min. Travel Time= 0.4 rnln 
AVQ. Veksily = 1.9 Ips. Avg Tarel T h =  0.B min 

Peak Depth= 0.24' 
Capadval banklull= 1.~01.12cfs 
A faaad 2.00 has toen applied b Ihe supplied sIO(a0e and dixhal@E d& 
72.0- olamstar pipe IP 0.010 ~ength= i 00.v s w =  o.oiw*r 

Reach 2R: (new node) 
Hydropraph Plat 

A 1 

_ . . . - . . *  . _ . . . .  
, -  . . _ .  

. , . .  . . . .  

Prepared by GeoSynlec Consunants r*W 
W f y d I  

Reach 2: east dralnaga channel 

[W Warning: Intel elevation no( specified 

I n W  = 28.37cln@ 12.12 hn. Vdunm= 2.010~1 
0- = 25.59cIr@ 12.2Ohs. Volume= 2.005a/. A l h c 3 . X .  Lag;4.8rnln 

Rwllng by Slu-lnd+Trans malhud. llm Span= 0.00-24.00 h16, dl= 0.05 hn 
Max. vebcirp 2.7 IPS. M i .  Travd nm= 2.8 m h  
~ u g .  V W y  = 1.1 Ips. Avg. Travel Time= 6.3 rnln 

Peak Deolh= 1.54' 
Capacity a( bank hU= 1,205.98 cfs 
0.00' x 8.50 dtep channel. n- 0.030 Lenglh= 420.U Slow= 0.0045 7 
Slde Slow Z-ValUe= 3.0 5.0 'f 

Reach 2: east drainage channel 
Hydmgraph nor 

, .  . . .  

, .. . . , . . .. . . . 

0 * I > 4 6 I ' 7  I s to 1 1  12 13 14 45 11) 11 18 IS 10 ai n u 21 
Ihu I*) 

EASTQS-1 Type I1 24-hr Uaink/P4.70' 
Prepared by GeoSynIec Consullanls Page 52 
~@c€aoeaCQ shoo0929 e l ~ Z O O l  AcdiadMiuDCOmwIaSwIms 12/9/2004 

Reach 3: east drainage channel 

1651 Wamhg: Intel elevaUon not specified 

I n W  = 40.77 ck @ 12.17 hs, vduma= 3.241 el 
ocmkw = 39.78 cfs @ 12.24 hn. Volume= 3.234 ef, Anen- 2%. lag= 4.0 rnln 

R o u l i i  by sl~.tnd+Trans mihod. Time Span= 0.W24.W hrs. dl- 0.05 C 3  
Max. Vdaitv= 3 3  fps. Mm. Travel Time= 2.1 min 
AVQ. VeJncily = 1.3 Ips. AVQ. Travel Tims= 6.3 mln 

Peak Depth= 1.87 
CapWty at bank Id= 1.563.87 cis 
0.00' x 7.4U deep channel. n= 0.030 Length. 420.0' Slope= 0.W507 
Sldq Slope Z-velue= 3.0 4.0 7 

Reach 3: sasl dralnege channel 
Hydropreph Pm 

D 1 2 3 1 0 I 7 I 9 10 I1 12 I1 U IS 16 11 1B lo 20 I1 Z7 0 24 
h. 0-JU-t 
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Reach 7R: runoff diversion channel 
Hdrwriph Plot 

. . . . . . . . . . .  

: _ I . . . .  .. , I .  I. 

_: . . . . . . .  

0 I 2 3 4 5 8 7 6 9 ID II 17 I3 14 15 16 11 I 1  (9 10 ?( I1 21 74 
T b m  1 h . I  

, os-I Type /I 24sU Rainla/I=4.70' 
Pa@ 59 

lm /W 
Picpared by GeoSynlec Consutlenls 
uykarm6.m dn ~ 0 9 2 9  o 1986.2001 meed ~kocamputsr sy11m1 

Reach S R  runoff diversion channel 

(65) Waming: lnlel elevation no( specifid 

lnlbw = 76.73cfs@ 1 2 . 4 2 b .  Volume= 9.859af 
OL@W = 76.33 cis Q 12.44 hri. Volume= 9.852 al. Anen= 1%. Lag= 1.2 min 

RouUng by Slof~ld+Tians method. Tune Span= 0.00-24.00 hrs. dl= 0.05 hrs 
Max. Vebcitr 3.6 lp. Mm. Travd Time- 0.7 mm 
Avg. Velocity 1.5 Ips. Avg. Travel h s E  1.6 nrln 

Slda SbpeZ-value= 6.0 3.0Y 

Reach O R  mnoff  diversion channel 
HydwraphPbt ............................................................ 

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

............ , .. ....... , 

Thw lbwl 

Preparea Dy Geosyntec l;onsultants rage 58 
W n C W 6 . W  d n  wo9W 0 I9KbMOI Wed MiCrrmwnWar S v x l m s  1- 

Reach 8R: N n o f f  dlverslon channel 

165) Wain@: Ink4 elevaliw nd s@W 

lnRov E- 76.85dr@ 12.38hn. Vdumnl 9.594af 
(MRow * 76.18 cfs @ 12.42 hn, Vdume- 9.583al. Allen= 1%. lag= 2.3 mln 

Rar(lng by Stor.lnd*Trars m e w .  Tlme Span- 0.00.24.00 Ius. dl= 0.05 hn  
Mar. V e k w  3.1 IpY, Mi. lravel Tim: 1.3mln 
Avg. Vekuly = 1.3 Ips. Avo. Tiavei Tlmn= 3.0 rnln 

Paak Daplh= 1.75' 
cavacityal banklull= l.MX).BOds 
A lacla 01 2.00 has been a p W  lo Ihe huppued stcage and discharge data 
0.00' 1 5 4r deep channel. n= 0.030 LcngIh' 241.V sbpe= 0 o050 'r 
slde slope Z-V~IW- 6.0 2.0 *r 

Reach 0R: runoff diverelon channel  

Hrdrcmraoh Plot . _ -  . . . . . . . .  , . 1 . . ' .  .................................... . . .  . . ,  

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

. . . . . . . . .  ..... / . . . .  . . .  - 
Y 

t 

0 I I J 4 6 b 7 8 0 IO 11 I 7  13 I4 I5 I 8  I 7  I8 19 M Y I  +1 2J 24 - [ha-) 

Tvpe I/ 24hr RainrW4.70' 
Page 60 

lZIW/!@& 

EASTOS-I 
Prepared by GeoSynlec Consullants 
bdmCADS6.00 dn 00929 0 I8(1&2M)l Wed U ~ ~ u l e r  Syslms 

Reach t O A R :  ( n e w  node) 

1651 Werning: Inlet eIfr8aU.n n d  speciflsd 

Inflow = 76.87cfs@ 12Mhrs. Volume= 10.058al 
Outlk#w = 76.32cfr@ 1 2 4 6 h .  Volume= 10.049a1, Anen= 0% Lag= 1.3 mln 

RouUng by SLr.lnd*TranS melhod. Tlms Span= 0.00-24.00 Ius. dl= 0.05 b 
Mar. Vebdty= 7.9 Ips. Mln. Travel Time= 0.8 rnin 
Avg. Velally = 2.7 tps, Avg Tfwal Time. 2.2 mln 

Peak Deplh= 0.76' 
Capacily nI bank lull= 1.840.62 CIS 
9.w 1 3.85 deep channel. FO.030 Length= 356.0' slope. 0.0500 7 
SWR slope z-va(w= 8.0 3.0 'f 

R e a c h  10AR: ( n e w  node) 
n.ldropr.ph PIOI 

. .  ,. ........ ...._.. .. . < _ _ .  . . . . . .  ........I ........ . . . . . . .  
. . . . . .  ..... i .  ....... 

: .......... . . .  :.I . . . . .  . . . . . . . . . . . . . . . . . .  * 

- 4: 1.1. . i 
. . . . . :_  ; .:...: .. . . . .  , . .  ........................ . . . . .  

4 . 'I ... i.. ...... :..:. .:.:-.: .. 

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

0 I I 3 4 6 8 1 8 S Io 19 I? I1 11 I S  16 I f  10 19 20 21 P 13 1 4  
Tbn la-) 
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Repared by GeoSyntec Consultants 
tt,d,ocADeB.a) Jn ooo929 0 l8&2w1 Awlid Mic%usnrNIB(Swlems 

Page 65 
12/9/2004 

prepared by tieosyniec Mnsuiiants raw- 

Rach 15: east runon channel 

WdADWO W alnMx)929 0 I W m O l  /\opaed Microconputor SmlBml tUR/?,B&? 

165) Warniw Inlet davabon mt apacifled 

Reach 1 4  east m n o n  channel 

(85) Warning: ids( elevaUon mt specified 

Slor.lnd+Trans melhod. lime Span= 0.00-24.00 hffi. dl= 0.05hs 
'?$&0.9 (0s. M i .  Travel T h e =  7.6 mm 

;#ocity = 0.4 Ips. AVQ. Travel The=  19.1 min 

Pnak Depth- 0.3T 
Cap- a l  banL MI= 22.78 13s 
0.W x 1.50 deep channel. n= 0.030 L-h= 420.V SkVW O.W@'f 
Side Slope Z.vahm= 3.0 5.0 7 

Rea& 11: east Nnon channel 

Hydrograph PI01 

. . . .  .:.. .... i .. s . . : . . , . .  

., . . . .  

Reach 16: east Nnon channel 

165) Warning: Inlet elevalion no( tpecilkd 

lnfiow = %78cfa@ 12.lOhrs. Vdvms. 0.664 al 
CMIlw = 9.33 CIS @ 1219 hrs. Volume= 0.681 d, Allen= 4%. Lag= 4.9min 

Rou(lng by Sla-IndtTrana method. Time Sparr 0.00-24.00 hm. dl= 0.05 hrs 
Max. Ve!&ly= 2.6 tps. Mi. T m a l  m e =  2.7 min 
Avg. VMIY = 1.0 IPS. ~ v g .  Trevel nm= 6.7 min 

Peak Depth= 0.91)' 
CapacKy a1 bank lull= 258.68 cts 

Side Sbpe &value= 2.5 5.0 7 
0.W x 3.40' deep chsnnel. n= 0.030 Leng(h= 420.V Slope= 0.00747 

Reach 16: east runcm channel 
Hydroprwh Plot 

. . . .  

3.20 d s  @ 12.01 hm. v m e =  
2.82 CIS @ 12.12 Ins. volume= 

0.186 0.180 a1 al. Alien= 12%. Lag= 6.6 mm 

M l n g  by Slw-lnd*Trans me(h0d. krm Span= 0.00-24.W hrs. d e  0.05 h n  
M a x .  Velouty. 1.8 Ips. Min. Travd lima= 3.9 min 
Avo. Velanv = 0.7 Ips. Arg. Travel Time= 9.9 d n  

Peak Depth= 0.64' 
at bank MI= 61.62 d s  

0.W x 2.W deep channel. n= 0.030 Length= 420.0 S k ~ e =  0.0063 7 
Side Slope Z-vahta= 3.0 5.0 'I 

Reach 15: east runon channel 

. . . . . . . . . . .  

. . . .  

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

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

. . . . . .  

Type /I 24-hr Rdnfa/14.70' 
Pege 68 

EAsfos-1 
Prepared by GeoSyntec Consulhnls 
&hsAD86.W dn ooo829 0 t9@6.2001 AWMd YlaoclmwIer SyBlems izeraees 

Reach 17: east Nnon channel 

1651 warning: lnlel elevation not specfled 

I n W  = 12.43&@ 1218 his, Volune= 0.923at 
0- = 1207 CIS @ 12.25hrs. Volume= 0.921 81. Al laP 3%. b g m  4.0min 

R d n g  by Slor-lndrl- melhod. Tlme Span= O.W.24.00 hr6. dl= 0.05 hrs 
 ax. v m -  32 Ips.  in. Trsvel Tim= 2.2 mln 
Avg. Vebdly = 1.3 tps. AVQ. Travel Time= 5.3 mb7 

Peak Depm. 0.92 
CaPaJIy at bank lull- 436.18 CIS 
0.w x XW deep channel. n= 0.030 LenOlhP 420.0' Slope= 0.0125't 
side slope Z-valuen 4.0 5.0 -r 

Reach 17: east runon channel 

Document 6774 



-a,,-. 
Prepared by GeaSynlec ConSUllanlS Page 13 
~ & , U % B O O  d n W 2 8  ~ 1 9 8 & ~ 1 A p D L e d M ~ p u l o r S V r l a m s  

Roach 22: oasl mnon channel 

(851 wa- Inlet slevaUon rol specified 

Inflor, = 46.33CfS @ l2.49hrs. Volume= 6.231 al 
oumov = 4 8 . 1 8 ~ 1 ~  @ 12.51 lvs. Volume= 6.226 al. AHan=O%. Lag= l.2min 

p by S(or-lndtTram melhod. lime SDan= 0.00.24.00 hn. d(= 0.05hrs 
,&cAy= 4.5 Ips. Min. Travel lime= 0.7 min 
d&y= 1.6 Ips. Avg. Travd Time= 2.0 min 

Peak Cleplh. 1.85' 
Capacrly al bank lull= 384.40 CIS 
0 . 0 ~  x 4.w deep channel. n= 0.030 ~ e n g u ~ =  19o.w slope= 0.010100'r 
slde slope &value= 3.0 'r 

Reach 2 2  east runon channel 
Hydlopmph PlM 

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

Type I/ 244r Ralnh/l4.7U' 
m e  75 

tuslfao4 

i: 
,IOS-l 

Prepared by GeoSynlec Consullanls 
++idroCALQa 6.W sln GiI0928 e IBt16.2w1 ADplied Wimomnpules Sy~Icms 

Reach 2 4  runon channel 

1651 Waming: hlel h a t i o n  no( specified 

inflow 57.15cIs @ 12.47hra. volume= 8.111 al 
OUMW = tS .B9)9S@ 12.49hrr. V d m =  8.104al. All6fPOYO. Lag= 1.1mh 

Rouling by Slor-ldrTmnt rnelhad. Trm Span= 0.00-24.00 hrr. dl= 0.05 hrs I 2  
Max. Vekxii. 4.0 Ips. Min. Travel Tme= 0.7 min 
Avg. Vebcily = 1.2 Ips, Avg. Travel Time= 2 3  mln 

Peak Deplh= 1.19' 
Capacily a1 banklull= 153.54 CIS 
8.50' x 2.W deep chamel. n= 0.030 Lenglh= 16O.V S k w =  0.W75 '? 
Sda Slope Z-value~ 3.07 

Reach 2 4  runon channel 
nNropr.& PIOI . _ . .  

Reach 23: new CMP culvorts 

(52) Hint: IM condiuam nol svalualad 
[6q Waming: Inlel &allon MI specif& 

I n h  46.76ds@ 12.51 h. Volune= 6.882al 
OuMOvr = 46.10 ds @ 12.52 his. Volume= 6.@50 al, A m =  0%. Lag- 0.5 mln 

Rouu.ng by Slor-lnd+Trans nmlhcd. Tlme Span= 0.W-24.00 hrs. dl= 0.05 hrs 
Max. Vdccitv= 5.4 Ips. M i .   ravel Tim= 0.3 min 
A V ~ .  V W y  = 1.8 fps. Avg. Trsvd ' h e =  0.8 min 

PeakDaplh= 1.31' 
Capacity al bank full= 468.67 CIS 
A laclor of 2.W has been applied lo lha suppkd sloraw and discharge data 
72.O-Diameler Pipe r); 0.018 Length= 92.V Sbpe= 0.0059P 

Reach 23: new CMP culverts 
Hydrogrwh Plol 

. . . . . . . . . . . . . .  
. . . . . . . . .  - . . . . . . . . . .  : Y 

& . . . . . . . . . . . . . . . . . .  
4 

. . . . . . . . . .  

o I 2 5 4 s e i a 9 10 I I  12 13 14 15 IS I? 18 IS 10 21 n 23 a4 
rm t-I 

EAST0s-l Tvpe // 24hr f?einfa/H. 70' 

1- 
Prepared by GeoSynlec Ccmsullenls 
l+dmCADQ 6.00 d n  aae29 0 19862001 A&& Mimmrm~ul~ Swlans 

Page 76 

Reach 2 5  new CMP arch 

1521 Hint lnlelcondibons no1 evalualcd 
1651 Wamlng' Ink1 &valm MI spealied 

Inlbw il €4.24 ds @ 12.45 hn. Volumb- 9.059af 
0tnlo-w = 84.21 cfs @ 12.48 hrs, V d m F  9.057 al. Anan= 0%. Leg- 0.3mL1 

~aning by Stor-IndrTfans melhcd. Time Span= D.M)-24.00 hrs. d= 0.05 hra 
Mar. Vehcily 5.9 Ips. Mln. Travel llnm= 0.2 mk 
Avg. vebciw = 2.0 rpr. AVO. ?leva Thrw 0.4 min 

PeakDepch= 1.49 
Capacity at bank Nlr 475.34 ds 
A laclor 01 2.W has teen ap&d Io the supPned StoriIge snd dischsrge dab 
72.0' h a t e r  PIP n= 0.018 LengthE 53.0' Slope= 0.0080 'I 

Reach 25: new CMP arch 
ny4rogr.phPk.i 

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

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

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

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

. . . . . .  u 
6 

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

0 I Y I 4 5 a ? 8 9 I D  I1  v2 1s 14 1s 16 1I 16 19 20 21 n n 24 
Ita I-) 
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P r e p a d  by GeoSynlec ConSUHanlS 
m & A m 3 6 . W  dnoOO929 818Mi-2001 Amlied Umammpuler S y ~ l m s  

Reach 30: east Nnonchannei  

Pags 81 
12l9Roo6 

1651 Warning: Inlet &alia, nol SP5Clf)ed 

In* = 45.98cls@ 12.48hre. Vduner 6.15281 
O m  = 45.89cls@ 12.48hrS. Vdune= 6.151d. Allen=W,. Lag=0.2mh 

' 

/ebcXy 4.6 Ips. Min. Travel + I =  0.1 min c &city= 1.5 Ips. Avo. Travel Time- 0.3 min 

by Slor-lndrlram mslhod. rime Span= 0.0024.00 Ius. dl- 0.0Shrs I 2  

PeakOepths 1.84' 
Capadc at bank ML= 104.0s cls 
0.00' x 2.W deep c h a m l .  n= 0.030 Length= 30.0' Slope= O . O l W t  
side sbpe Z-vatue= 3.0 *r 

Reach 30: east runon channel 

HWOQ'aph PI01 . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

TVpe N 244r Ralnldk4.70' . i0S-r 
PUI& byGwSynlrtc Consullants Page 83 

Pond 1P: (new node) 

-6a) &moo0929 01986-mOl bCf4Gd hl lmxxnWl~SyLlemS 

Inflow = 49.32 ds @ 12.39 Ius. Volume- 6.362 a1 
Oumaw 0 45.88 CIS @ 12.48 hrs. V d m v  6.152 al. Anan= 7%. Leg. 5.4 mln 
R(mary = 45.98cisg 12.48hrs. Vdume= 6.1528f 

Roullng by Slor-lnd method. T h e  Smn= 0.00-24.00 hrs. dl= 0.05 hrr 

S t a m  €lev= 592.00' Storage= 0.691 af 
Peak Ebv= 593.91' Storago; 1.584 al (0.893 al ahme rlarllng storagn) 
PlugmW deleMian (una- 102.4 min cakulaled lor 5.461 ef (86% ol i&w) 
SIoq$a and W e d  amas dalemined by conic sections 

Ueva8m Sud.Area Inc.Sl~e Cum Stme WalAbs 
(I&) (acres) (acre.lnel) (acfe-lenl) (caw) 

589.30 0.186 0 . 0 0  0.m 0.188 
5w.00 0.210 0.139 0.139 0.211 
59l.W 0278 0 243 0382 0.279 -~ . . ~ ~  - ..... . . ~ -  ~~. 
582.00 0.342 0.309 0.691 0.3U 
593.00 0.463 0.401 1.091 0.465 
584.00 0.624 0.542 1.634 0.827 

Prepared by GmSynlec CmwUanls 
lil.*ocAO@6.W dn OW920 e 1986.2(al W e d  Y~oop11mP1. SysIms 

Reach 31: culvert 

(521 Hlnt I& c o n d n h  mt svdleled 
I651 Warning: Idel elevalm rxll s&r& 

InRow = 6.54ck@) 11.9lhn. Volume- 0.27Qal 
OUlRbw = 6 . 3 4 c k a  11.91hn. Vdume= 0.278al. Anen=3./.. Lag=OSmh 

Robling by SIof-Ind~T~ans method. Ttme Span= 0.W24.W hrs. d G  0.05 hrs 
PAaX. Vehlly= 5.1 Ips. Mn. Travel rime= 0.3 min 
Avg. Velocity = 1.8 lps. Avg. Travel l h w  0.8 rnin 

Peak Dcqth= 0.34' 
Capacityal bankMI= 1.025.9t CIS 
A fador of 2.00 has been a p W  to thn supphed SIwage and diwharge data 
72.r  Diameler Pipe n= 0.012 L w h =  80.0' Slope; 0.0125'f 

Reach 31: culvert 
Hydropraph P h  . . .  A -  .......... !.. ...... i .  . . . . . . . . . . . . . . . . . . .  . . . .  

. . . .  ~ . . . . . . . . . . . .  

. . . .  

Type 11 2- Ralnhll==. 70' 
Page 84 

EASTOS-I 
Prepared by GeoSynlec Consultants 

Pond 1P: (new node) 
HydrDgraPhPlol 

. . . . . . . . . . .  
. . . . . . . . . . . . . . .  - .. 

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

0 1 2 I 4 B 6 7 8 0 (0  II 12 13 I4 I3 16 I I  I8 ( 0  20 21 21 13 24 
Tk. Ihar.) 
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..&"."I . 
Prepared by GeoSynlec Consullanls page 1 
W c C A W 6 . a )  hQJ0929 0 19862W1 *DpliedMioc~l(u(orSyrlems lzL8lan4 

Time span=O.GU24.00 nm. dt=O.O5 ins. 481 points 
Rumll by SCS TR-20 malhod. UH=SCS. T y p ~  I1 24-hr RalnlaE~4.7(r 

Reach rDu%~ by Slor-lnd+Trans memM ~ Pond roulhg by Sla-lnd mhod 

subca(chmn( k WqeIaled final cover 
lcii183rnh CNz83 k e ~ 2 . 7 3 0 a e  R d = O . Z D d r  0.858al 

\ ., p m n l  8: vagdsled flnal cover 
I Tc=l9.Omn CN=83 Area=SJOZac R u m W  17.63ds 1.287al 

SubcOlmmonl C vqacared final cover 
Tc=lB.Omin CNmI)3 *rea=5.399oc R d =  17.82ds 1.561 sl 

Subcalchmont D: vegstalsd Rnal cover 
Tc=lSOmk CN-83 Araa=S 530 M Run&= 18.25 d s  1.332 al 

SubMchmsnl ER: nwrvcgela(ed nnsl m e r  
Tc=4.2 rnb W.09 Area=5.320 M Runall= 32.56 clr lSC1 al 

Subotchm~l  FlR: nmvqJe(al4d final COM( 
lc.2.9 m b  CN189 Area=O.S18 ac R-H= 5.78 d s  0.267al 

Subutchmenl FZR: [new node) 
Tc=2.6nm CW.89 Aroa=l.5Y)ac Rundm 9.78 ds 0.450 af 

Subullchmnl FR nonvagalaled flnal c o v n / c a n s I ~ d i m  laydown 
1 ~ 2 . 4 r n n  CN.89 ivea=3.fao ac RumH* 21.5441 1.016al 

SubMchmSm OR: In- node) 
Tc=O.l min CN.89 Ama=O.OSOsc RuMHDO.U& 0.015~1 

Subcatehrnml H R .  n o n w p l s l e d  Rnal cover area 
Tc'8.3 rmn CN-S Ama=0.140 ac RwwIlz 0.75 d s  0.04 I al 

SubcaIchml JlR: consmcllm laydown mea 
Tcs.8mm CN=82 I\rsa*.312ac Runofis 1.86ds 0.073al 

Subcalchmml JZR: conslntcllon laydorm mea 
lc=6Omin CNa82 AreA.S70ac Rmfl-4.41 d s  0.227 a1 

Subcalehmenl KR: m m  north of borrow awn 
?c=t.8mbr CN.89 Area=1.59oac R w I ~  10.00 di 0.462al 

SukaIhmenI LR: MMWdlm laydarn area 
Tc=30.7mn CN*82 ivsa=l.o60ac Runoll-4.46ds 0.435al 

SubulchmanIIR:NnmnaU,olbmowana 
1 ~ 2 . 8  mln CNz79 Araa-O.675 ac R M m  3.m d s  0.143 af 

- . .hfOS-l 
Prepared by GeoSynlec Consunants 

Reach MIR Culvert 81 sed -In 2 entrance 

Type I1 24Jv Rald8H=4.70' 
Page 3 

HW-6.W slnoDo9m 0198BM(ll ADdiedMaarmplleI SVSlSms 1 2 l 9 W  

I n n a n  85.60 ds 8.728 a I  
Lmgln. 3o.w Max v01=6.91ps cepedy. ss.7och oumw 85.46 d s  8 . m  01 

!nlla*S 86.29 ds a.n6ai  Reach BCR: Channsl Into Sed Basin 2 
L8ngIhm62.T MaxVo1=&6tps Capadt~728.12ds Ovm3rr85.96dr 8.77?111 

I- 10.00 ds 0.462al 
L e -  197.U Mex Vel= 4.3 Ips Capacity- 263.84 d s  OUIW B.65 d s  0.461 a1 

Inh+ 9.65 d s  0.461 a1 
Lsngltr M.U Max Vel. 5.5 Ips Capadlp 357.73 cfs Gunlow 9.51 CIS 0.481 a1 

hbw- 10.16 dr 0.502 d 
LmgW 27.3' Msr Vdc4.3 Ips Cwaciiry. 1.027.28 d s  OuUlu~= 10.10 ds 0.502 el 

Re& (new nod.] I d o w  9.78 6 0.450 a1 
Lenplhr 71.4' Marc Vel= 5.2 Ips Capadrp 243.75 cls O V ~  8.65 dr 0.450al 

h(&p 9.85 cls 0.450 e l  
Lsng(h= 38.0 Max Vd' 5.3& WadIy= 343.51 ds Ouma*. 9.58 dr 0 . 4 9  sl 

In- 31.61 ds 1.466~1 
Langulri 407.0 Max Vel= 2.8 lp, C g a c i p  162.16 d o  OvmOr; 28.13 d1 1 .A61 d 

Reach WnR-(nerrnode) h l lW28.17ds 1.47581 
Lenom- 16.V MaxVek2.7Ip CPpacihp571.70ds OUmarrr28.02cls l.475el 

Wl- 28.73 ds 1.461 01 
LCn(lvI=50.4 HaxVel=Z.lfps cspec*569.(Elds Oumouo2RlOds 1.46081 

W 38.39 ds 1.976 P( 

L e l l 9 . 7  MaxVd=4.3lp Capacilp3S7.90ds -35.75ds 1975al 

hkw= 4.48 d a  0.433 81 
Lenpm- 120.0 Max Vet= 4.8fpr Cspwtp 346.61 d s  Cutlbw= 4.45 ds 0.432 d 

1- 3.20 d s  0.169 a( 
Len#h- 112.13 MarVehB5lpr CepJdt,=822.58da OUmar3.11 ds 0.189af 

tnemw 0.a~ dr 0.027 a i  

Roach 8- EJIIMdecl Dralng. Channel South of Cell 8 

Reach O B R  (nm nod.) 

Reach 9R. Channel VIS of 30- Culvsd . 

Reach 10BR (newndo) 

Reach 1OR: accasa road diverston channel 

Rrash 11R. eulrslt 

R ~ a c h  12: CIJIWII h a n F  Slreoi Drab- Chanml 

Reach 13: (new nod.) 

Reach 1 4  C U M  from Norih Enlmcl, Road chanml 

R-. *+. (IN: Culvsr( a d h n l  l o  North Emrance Road 
Lsngm, 5S.U M u  Vel 8 24 Ips  Capadtp 406.62 CIS 0.46 dr 0.027 a( 

htkw=3.586dr 0.170d 
~engh=362.0  HarVd*?.Ztpr Cwauiy=7¶.4Bdn OuMoa=3.ZOds 0.169d 

Peak Sta- 11937 al lnlbw 9741 ds 10.460 at 
Rimarp3.10d3 1.608al oMlo*.3.10da t . ~ o ~ a r  

j.' 
. 4 M  Channel e M  of W h  Enlrance Road 

Pond 1P kdlmrnlanon Bash 2 

Prepared by GeoSynlec Consultanls 
WoCAD86.M, sln e l98&200l A m  Muommputar S p l m s  1mzm 
Sukslchmnni N: cOn+(ruc!tm l a y d a  area 

. -IC. 

IC- 15.2 mi" CN=W *rea31 043 k RwOll' 3 73 d r  0 244 af 

Subcalchmcnl 0 pond 
1-1.0 mbr A r w Z 2 5 2  BE RuOn= 16 67 d s  0 838 a1 

Subcaichmard P1R construdlm laydownarea 
Tc=8.4 m n  CN.82 &aa=0.490 z R W R =  2.20 d s  0 11 5 al 

SubMchmnl PZR: C ~ S I N C I I ~  hydown area 
Tc-4.3 rnm CN-82 Area-+ 214 BC Runon= 0 96 01s 0 050 nl 

Subcatchment QW runon north 01 bmow area 
I c = l l . 8 m h  CN.79 A r s a ~ . 1 2 7 s  R W 0 . 4 6 d r  002781 

Reach 1: wed channel m n w  Q 20 ds 0.858 SI 
LenBh- 400.0 Maa Vat: 2.5 Ips Capaoi-p 42b.W dr OldRov; 8 87 d s  0.658 a1 

1ntb.v 25 75 CIS 1 .W3 a1 
L h q b a  400.0 Max Val= 3.3 lps capmy= 424 60 d o  Ourow 23 lo CIS 1.83s al 

Reach 3: *SI channel In+ 41 23 d s  3.240 el 
Lmgm= m.0 Max vel= 3.7 tpt capmrp 424.60 ds Dulller 4035 d s  3.234 al 

Roach 4 w-I channd h v b ~  55.70 d s  4.556 aI 
LengUI= 80.0 Mea VeC= 4.0 Ips Capenp 428.17 dr Ou- 55.45 d s  4.585 af 

InnDWo 5545 d s  4.565 a1 
LmULbSS U Una Vel. 4.9 Ips Capamp 396.64 d s  Dumo*o 55.23 d 8  4.583 al 

In- 55.23 cis 4.563 d 
Lmgm= 380.0 Mu: Vel= 4.0 Ius Caperrip 424.60 ds Oulkw= 54.31 ds 4.555 al 

Reach 2: wcsl channel 

Raach 5: culvert 

Reach 6: we31 channd 

Reom 7AR: Haul Road Culver( 1 ntkw 97.96 ds 8 . 1 ~  at 
LengL. 81 S Max Vd- 5 4 Ips Capaap 166.61 clr Ournap 57.80 rn 6.098 al 

kfbw=57.88ds 6.171d 
L w b =  100.0 Uaa Vel- 2.6 Ips C a p m w  200.78 CIS 0- 57.49 d$ 8.167 el 

In- %.JO da 8.424 d 
CcnguIE 296.0 M U  Vela 8.1 Ips Capaatp S . 4 t  di Oumar 57.?5 d e  8.430 sf 

I n b m  %.39dr 6.857al 
L-3 2980 Mnn Vel- 3.3 Ips Cap- 37228 d a  0ulllv.w- S.61 c b  B.W? at 

I ~ ~ W P  a? tsda 8.737 sl 

Reach 78R: Channel belwea, GIs 14 b 15 

Reach 7CR. Rlmla ParLlng Lo4 Culnrl 

Reach 7DR: Runoff aSlna@~ Chsmel sculh ol Rlmh 

Reach BAR: w n l  channel 
Lenglb146.0 MaxV.l-3.6Ips CapmN;388.lBds OumOr85Wds 8.729d 

Tvpe I1 2 M r  Reinfa//+. 70' 
page4 

WESTOs-1 
Piepared by GeoSyntec Consullanls 
HvdmCAMB.00 UnGW929 01988-2001 ApDliedMrm;omuulaSnlann lvaMlpl 

Runoff Area 40.012 ac Vdunw 10.521 af Averam h p t h  X16- 
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TVpe II 2chr RafnkdP4.70' 
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1- 

f 
JOS-1 

Prepared by GeoSynIec Consultants 
ItdfW 600 dn wo929 0 lIM&zODl A d d  MiEloumDvla SyILBms 

Subcatchment D: vegetated final cover 

ISRVII.( 

. . . . . . I  . . . . . . . .  

. . . . . .  

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

..... ,.. 1 . .  

Subcatchment D: vegetated Rnal cover 

Ruafl  = 18.25ds@ 12.llhn. Vdume= 1.332d 

R w f f  by SCS TR-20 memod. UH=SCS. limn Spans 0.00-24.00 ha. dl- 0.05 hP6 
Type 11 2- RalnlalC4.7(r 

I\rea(ac) CN Desah?l b n  
5.530 83 

Tc Langlh Slow Velaily 
lminl lfeelk ( W n )  INaeck 

8.9 90 0.0500 0.2 

3.8 60 0.1000 0.3 

6.4 150 0.1700 0.4 

0.5 205 0.1700 6.6 

0.8 190 0.0075 4.2 

0.1 MI 0.0100 15.0 

0.5 195 0.0075 ' 6.6 

19.0 950 T O M  

&paw Descriplan 
Idsf 

sheet flow. 
Gnse:Short n- 0.150 PZ= 2 . W  
Shed Flour, 
Grass: S M  n- 0.150 P2= 2.W' 
S W  flow, 
Graru: Short no 0.150 P2= 280' 
Shallow C a K c n l m s d  Flow. 
Unpaved Kv= 16.1 fps 

75.84 Tra@VeelRecl C h m d  Flow, 
Bo!.W=O.W D=Z.W Z= 3.0 6 6.0 'r +- 0.030 

Dtamr 72.0' Area= 28.3 SI Pertm= 18.8' r= 1.5V n= 0.013 
423.51 Clrrulaf C h i m i  (plpnk, 

424.60 TraplVnlRsd Chanmri flow, 
BOI.W=O.O~~ 0=4.w z= 8.0 b 2.07 n= 0.030 

r j  II Z4hr fMnfa#=4.70' 
paee 12 

WESTOS-1 

HyddAOW6.M) mW09 29 0 198&?wl &Ned Mlcmrrmwlef Svstas 
Prepared by GeoSynlec Consultant3 

Subcatchment ER: non-vegetated flnal cover 

1491 ~ini: Tc<Zd may requlre smaller dl 

 wan = 32.56cb@ 11.84h~6. Volume= 1.544af 

Runon by SCS TR-M method. UHtSCS. Tkne Span= 0.00-24.00 hs. dl= 0.05 hn 
Tvpe II 26hr Rahtdl=4.70' 

Area(ac1 CN Oescriomn 
5.320 89 

Tc lengih Slope Velocity Capaciry Desoipl'i 

0.9 110 0.0825 2 0  Sheel flour. 

0.4 45 0.1110 2.1 ShHI  Row. 

0.8 150 0.1700 3.2 Shea Flow, 

0.5 200 0.1700 8.6 Shallow Concentrated Flow. 

1.4 510 0.0075 8.1 337.31 TnplVedReclChmnelFlow. W.W=O.W 0.3.50 Z= 10 6 6.0.f n= 0.030 

(mm) (reel) IfUftl IWsecl (as) 
s-m rwfeceo n= 0.01 i p2= 2.60' 

smooth surfacas n- 0.011 PZ. 2.60- 

~ ~ a u c l  lFo.011 PZ=280' 

Unpaved Kv- 18.1 fps 

0.2 85 0.0029 8 1  228.07 CinularChnnd(plp.). 

4.2 1,100 Tdel 
Maw 720' Area= 28.3 sf Pdm= 1S.B' F 1.50' IS 0.013 
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Subcfidtmenl FR: non-vegetatecl final cover/conslnrcllon laydown 

(49) Hinf: Tcc2dl m y  fecrir-3 mallet dl 

R ~ f l  = 21.54ds@ 11.92hs. VdwlW= 1.016al 

P. -I! & SG5TR.n method. UHsSCS. 3me Span- 0.0024.M) bus. dl= 0.05 hnr 
dbhr Rainfall-4.70' 

1 Ilac) CN OescnPtrm 

3.500 89 

Tc Lenglh Slope Vdacily CaPacirV Daswiplbn 
(mi") (led) (Ml) flusecl f C h l  

0.1 70 0.0500 1.7 shed Flow, 
S m t h  s1~I8c-a~ n= 0.011 P2= 2.60' 

Smarlh 8urlacss n- 0.011 P2= 2.60- 

SmooIh sudacns r~0.011 P2- 2.60' 

Unpaved Kv= 18.1 hm 

0.5 60 0.1oOO 2.1 Shed Flow. 

0.8 150 0.1670 3.1 shea Fkw, 

0.4 176 0.1700 6.6 Shalla, C o n a m ~ s d  now, 

2.4 155 TOW 

Subcalchment F R  nonvegelated final coverlconstructlon laydown 
Hydrograph Plot 

_. . . . . . . . . . . . .  

. . . . . . . . .  

. . . . .  

Typs I /  26hr Rainfali.4.70' 
Pape 19 

'i 
\ .  ..I'Os-l 
P m m  by GWSynlscConsullanB 
HVdroCA~6.W &OW929 019862001 AddMboamPuiu lsS* l lma  

Subcatchment HR: non-vegetated final covw area 

Rundl = (175dr@ 11.09hrS. Volume= 0.041sf 

RvmR by SCS TR-20 method. Un=SCS. l i m e  Span- O.WZ4.W Nr. dl= 0.05 IUS 
Type !I 24-hr RaidaU=4.70' 

Arealac1 CN Descriptlon 
0.140 89 

Tc 1en~U1 Slope vebity Capacity Desutplim 

0.3 25 0.0700 1.6 bhw( now. 
8.0 15 O.Wl0 0.0 Sheet flow. 

8.3 40 T a l  

(min) IfW IWn) (fvsec) (cts) 

Smoothswfsceo n=o.Oll P 2 = Z . € C  

Oreu:ShMt n=O.I50 P2.2.55' 

Subcatchment HR: nm-vegetated final cover area 

EE3 
. . . .  

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

- 
i 
1 
L 

. . . .  

Subcalchment GR: (IWW node) 

(491 Hint: TcG?dl m a y  requirs smaller dl 

RumR P 0.33ds@ 11.89hs. Vahme= 0.015al 

~unon by  Scs TR-M m e w .  vH=SCS. ?ime span= 0.0024.00 h a .  m= 0.05 hrs 
TW 11 2ahr Rsidslc4.7D' 

0.093 89 
A r e d ( 8 C )  CN DescriPlim 

Tc Length Slape Velocity C a m  D a e r W m  

0.1 15 0.1300 1.8 Shed flow. 
(mtn) Ilecll (IUH) (IVsec) (dsl 

Smm(haor(aurs n= 0.011 P2= 2.55- 

Subcatchment GR: [new node) 

I .  

. .  

... 

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

. I 
....... 

....... 

. . .  

... 

... 
. .  

. .  

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

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

.:..i 

. _ , . . _  

. . . . . . .  . .  

.. 

. . . . . . . . . .  

. . . . . . . . . . . .  71 . , .  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  . .  ... . . . . . . . . . . . . . . .  . . .  . .  _._ .. . . . . . . . . . . .  . .  . . . .  
I , . '  
. . . . . . . . . . . . . . . . . . .  . e . .  

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

. / .  . . .  . . .  . .  ..... ....................... 
. . . . . . . . . . . . . . . . . . .  I .  

Subcatchment J I R  conslntctlon laydown area 

149 HIW. T C ~ ~ I  may require rd!er m 
Runoll = I . & c f ~ @  ll.93hrs. Vdums= 0.07381 

RwDR by SCS TR-20 melhod. UH-SCS. Thne Span= O.o(F24.00 hn. dt= 0.05 hrs 
rvpe 11 26hr RahtaU-4.70' 

Area(ac> CN DascrlPlim 
0.312 82 
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subcatchment 0: pond 

(491 Hnl: Tcc2dl may tequlre smaller dt 

RvmH = 16.67 CIS @ 11.90hrr. Vct!nIe= 0.8380f 

R-R by SCS TR-20 rnelhod. IJWSCS. Time Span. 0.W-24.00 hrs. dt= 0.05 hn 
Tvpe 11 2Chr Rainlo11=4.70‘ 

Arealac) u4 DeJcIi!-Akm 
2.252 98 

TC Length Slope Vetocity Capacitv Darcripwn 

1 .o Dl~sd  Enuy, 
(min) (reel) (WR) (Rlsec) lclsl 

subcatchment 0: pond 

subcahhmnt PtR: construc(l0n laydorrn area 

H + T h ”  , . . . .  . . . . . . . . . . . . . . .  . . . . .  
. . .  . . . . . .  . I  . .  , . .  . . .  

. I  . . . .  , .  . . . .  . . .  . ,  . .  
. . .  . . .  , , .  . 2- 

, I  
. .  . .  

. .  . , . .  . .  . .  
. . . . .  . _ .  . . . . .  

. ,  _ .  . . . . .  . . . . . .  . . . . .  . . .  , . . , ,  . 

, I .  . ,  . . , .  . . .  . .  . . .  . .  $ . .  

f , , . .  . .  .: 
.............................. . .  ..: .. .. ............................ 

. . . . . .  . .  , , .  
. . , .  . .  . . . . . . . . .  . . . . . .  . .  

. . . . . .  . . . . . . . . . .  
. .  . . 8 .  

. . . . .  , I  . .  . . .  . ,  . . 
. . . . .  

, . . . .  . .  . . . .  , .  . , . .  
. . . .  . .  

. . . . .  

, 

Subcatchment PZR: wnstrudion laydown ama 
Hydrwraph Plol 

. . .  . . . .  . . . . .  . . .  ..... .:. .: ..: ...... .:. .... :,.: ,...: .___.: .............. . . .  . . . . . .  

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

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

. . . . .  . . . . . .  . . . . . . . .  
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Prepared by tieobynlec GmsuIIanIs rage *) 
MydoCAL7@6@J Sm om929 0 18RbiW1 W ~ e d  Mo9cpnDu(q SWUIlS 1 M n M Q  

Reach 4: west channel 

1651 w m g .  Inlet elevalicm mt epecrled 

In* = 55 70 cis@ 12 19ho. Volume= 4 W a l  
oumwr = 55 45 cts @ 12 20 m. Volune; 4.565 al. Anm= OX. Lap= 0 7 nun 

11 by Slol.lnd*Trans molhod. nm Spans o 00.24 00 hrs. 41; o 05 hra 
I*- 4 0 fps. Mln. lravd lune= 0 4 rnm 
w~ty = 1.6 Ips. Avg Travel nmep 0 9 mln 

Peak UepUI- 1.88' 
capacity at bank 426.17 dr 
0.w I 4.03 deepchannel. n= 0.030 Length= 90.0' S l o w  0.W78.1 
Side Skpe Z-valuei 2.0 6.0 I 

Reach 4 west channel 

Hydrographflol . .  . . . . . .  I... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . .  

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

0 i I 1 4 5 4 7 II 9 I O  11 12 1 3  14 I5 IO I1 11 19 20 21 2l 11 14 
m. (holm) 

I 

Type It 26hr RainlaIM 70' 
Page 35 

121912Ood 

j ,os-1 
Prepared by GeoSynlec Consullsnts 
WnhCADQD6.OO sln -28 0 1986zIxH ADoSed MDOCOmBUIW SVrlemS 

Reach 6 west channel 

[SS] Warning. lnlel elevella, no1 rpen'fied 

lnbw = 5523 ck @ 12.21 hrs. Volume= 4583 al 
O u t t h  = 54.31 cla @ 1225 his. Volume: 4.555 al. Men5 2%. Lag= 2.8 min 

R w h q  by SIM-IIWNT~N m e W .  Tim Span= 0.00-24.00 his, dl- 0.05 hrr 
Max. Velodtyp 4.0 fp. Mh. Travel n w  1.6 min 
A q .  Velocitj = 1.6 fps. &vu Travel Tm= 3.9 mln 

Capacily el bank hrlb 424.60 cla 
0.00' I 4.00' d e e p c h a d .  n=o.o30 LengW 380.0' SlOpe=O.W75'r 
Skla Shps Z-value= 6.0 2.0'1 

Peak Dsplh= 1.88' 

Reach 8: west channel 
HydmqraPh P M  . . . .  ................. _.__ ........... ........... . . .  . .  

r r e p a r w  oy beoayniec wnsuimnu r=a-- 
HvdroCADS6.00 dnMK)929 e 19862WlApp&d MIa.oumpn~Svslems 1- 

Reach 5: culvert 

1521 Hw. Inla condiliom not eralusted 
1651 Warning: lf~'el elwallan no1 spedfied 

In- - 55.45&@ 12.20hs. VdUme- 4565a1 
CJuMow = 55.23 CIS@ 12.21 h o .  Vohnnez 4.563 al. Anen= OW. Lag= 0.5 mln 

Routing by Slor-lnd+Trans melhod. TlmeSparr 0.00.24.00 hrs. dl= 0.05 hn 
Max. VelociPp 4.8 Ips. Min. Travel lime= O.3min 
Avo. Velocily = 1.7 Ips. Avg. Travel l ime= 0.8 rnin 

Peak Depth= 1.5T 
Capsdtj a1 ban4 I&- 396.64 cfs 
A factw of 2.00 has been appCed to the suppkd storage and discharge data 
720' DLameler Plpe n= 0.024 Leng(h= 95.0' SbpP 0.00757 

Reach 5 culvert 
HydmraphPlol 

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

. . . .  . . . . . . .  . a : .  . _  
. .  . . .  . . . . . . . . .  

. . . . . . . . . .  
: . /  . . .  ........................... . .  . . . . . . . . . . . . . . . . . . . . . .  

Tvpe I1 24-hr ffalnfa/l~.70' 
Page 38 
1uBIMo4 

WESTOS-4 
Prepared by GeoSyntec Consubnls 
W r o C A D B I  W rlnoM)92S 0 19862001 A d  Mkrkmouter SH14ns 

Reach 7AR: Haul Road Culvert t 

1521 Hinli Idel condilloni not evaluated 
1651 Warn%: Inlet elaalm MI specibd 

Irdlow = 57.Mds@ 12.25 hfs. Volume= 6.10081 
O@ow 3 57.80 CIS @ 12.26 hrs. Volume= 6.098 al. Anen=.OX, Leg= 0.4 min 

Rwfing by Stor-IndtTram mathad. 'lime Span= O.on24.00hrs. dl= 0.05 hra 
Mal. V W h p  5.4 tpr. Mln. Travel T i =  0.3mln 
Avg. Vekcily = 1.9 Ips. Avg. Travel Time= 0.7 mln 

Peak Depth0 2.44' 
-paw at bank id= 186.83 CIS 
720' Diamelef P i  n= 0 024 Lenglh-i 81.S Slops= 0.0053 'I 

Rea& 7AR: Haul Road Culvetl 1 
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..LO."" , 
Prepared by GeoSynleC Consullanh Piqe 41 

121012004 6.M &I ooo929 e 19862001 APGUed Miarmpuler syshms 

Reach BBR Culvenal Sed Basln 2 entronce 

1521 ~ r n :  Intel ConMlona nol evalualed 
1651 warning: Wet elevaUan mal speclfed 

I m a r  = 85.Wda63 12 .04h .  Vokrme= 8.729al 
85.48clrkg 1 2 . 0 4 h .  V&m= 8.728d. Anen=OI, Lag.O.1 min '7 = b by Stor-lndtTrarn melhod. r w  Span= 0.00-24.00 h ~ .  a= 0.05 hrs 

/eMcnul: 6.0 Ips. Min. Travel Time= 0.1 min 
...v. veladty = 2.5 Ips. Avg. lravel Erne= 0.2 rnh 

Peak Depth= 1.62 
capadty el bank lull= 535.70 cis 
A faor  of 2-00 has been a w l M  lo  Ihe ruppliad slaw and dismrge dab 
7z.o-olameter Pipe n= 0.013 Lenglh= 30.11 Slope= 0.oMo'r 

Reach 88R: Culvert at Sed Bash 2 entrance 

Hydrqrrph Plot 
". . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . .  

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

0 1 2 1 4 L 6 I 8 9 IO I 1  12 I> I #  15 10 17 I8 18 20 21 22 23 24 
rra lravrl 

1 

..-5ios-t 
Prepared by GaoSynlec Oonsunanls 
w,drcd%DB 6.m em 000929 e 18862001  AD&^ L(~LWRID~(U %rems 

I' 
Type fl 24hr Ralnfall~. 70' 

Peee 43 

Reach 9AR: Exlended Dralnge Channel Swth of Cell 8 

165) Warniq: lnlnl e levah mt apeclhed 

#&ow = lO.Wds@ 11.41 hn. Volume= 0.462al 
Oumow = 9.65 CIS@ 11.03hrs. V d u w  0.461 81. Anan: 3%. lA!F 1.4 min 

Wng by Slor-lnd+Trens melhod. Time Span= 0.00-24.00 hfs. m= 0.05 hrs 
hbx vetocii~ 4.3 IPS,   in T I U ~  n w  0.8 min 
Avg. Vehcily = 1.5 Ips. Avg. Travel lime= 2.2 rnin 

Peak Deplh~O.Er 
capacily ill bank lull= 263.84 C b  
0.00 I 3.w desp chamd. IF o m  L-W 197.0 slope= o.oza*r 
Skh S*geZ-vahw 3.07 

Reach 9AR: Extended Drelnge Channel South of Cell 8 

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

. . . . .  ................................. 
. .  . . . . . ,  . . .  

_ _ L  l .  ............... 
: , . . . I .  . .  

. . . . . . . .  
........... : I  1::; . .  

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

Reach 8 C R  Channel Into Sed Bash 2 

p35l Warning: Inlet elmatla, nol &ad 

I- = W.29ds@ 12.04hn. Vdune- 8.778~1 
Oulfimv = 85.8eda@ 12.Q5b. V d m =  8.777d. Atlen=O.h. Lag=O.Jmh 

RoWng by SloI-t-lndrTrans m e W .  Time Span= 0.00-24.00 hn. dI= 0.05 hrs 
M a x .  Velmiip 6.6 fps .  Min. Travel The= 0.2 rnh 
Aug. VebCly = 2.7 Ips. Avg. Trave4 Time- 0.4 mh 

Peak Deplh'Z.12' 
Capaciiy a1 bank lull= 728.12 ds 
1.lT x 5.00' d ~ ~ c h a ~ e l .  n= 0.030 Lerglh= 62.7 S W =  0.0159'1 
Side Slope Z-ualue= 2.4 2.3 5 

Reach 8CR Channel Into Sed Basin 2 
HVdmDraph P b l  

................ I ................ _..I ...... .... 

Type If 2441 ReinlalW. 70' 
PaQe 44 

lZW2004 

WESTOS-1 
Pmparad by GeoSynlec Consultants 
HrdmCA(#pB.W S h  ooo928 e 1Bs62W1 A w k d  MirmrmrpulU SWRnS 

Reach 9ER (new node) 

1521 Hint Ink1 mndilions ml EvaluJted 
l S q  Warnlng. Ink1 elevation no( spedRed 

f n w  = 9.65 CIS @ 11.03 his. Volume= 0.481 el 
ovmow - 8.51 C ~ B  @ 11.94 h r ~ ,  volume= 0.461 at. Allen= 1%. Lag- 0.3 min 

 ax. velociry- 5.5 Ip. hiin. h rave^ rime= o 3 mur 
Avp. Velaily = 1.6 lis. Avg. Travel Time* 0.9 min 

psak W l h =  0.68 
Capacity el bank Id= 357 73 clr 
720'Oiameler Plw n= 0.024 L-lh- 88.0' Slope= 0.0243'1 

Rarling by Slof.Ind*Tr;ur, method. Two SpaW 0.00-24.00 ?US. dP 0.05 hrs 

Reach 98R: (new node) 
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Reach 11AR (new nodo) 

(851 Wamlng: INf4 elevatlon lml spacifad 

Innw = 28.17cfs@ 12.00hrs. Vohme= 1.4156 
ourno* = ZE.OZch@ IZ.Whrs. Vdwne= 1.475el. Men=l%. Lag=O.tmin 

by Sla-IndtTran!, method. Tune S p m  0.0024 00 hrs. dl= 0.05hrs 
[ehW 2.7 fps. Mh. T m d  lime= 0.1 mln 
alododry = 0.7 Ips. Avg. Tnvel Time= 0 4 mi" 

Peak lk$lm= 1.or 
Capri@ a1 bank lull= 571.70 ds 
7.W I 4 . M  deep chsnnsl. n= 0.024 Length= 16.0 Slope= 0.0044 I 
side sbpe 2 - m .  3 o 'r 

Reach 11AR (new node) 

. . . . . . . . . .  

0 t 2 1 4 5 4 7 I 9 10 I1 I 1  I1 (4  1s 10 I T  10 1D YO 21 22 U 1 4  
Th.. 1-1 

.. .4ros-i Type // 24-hr Rainfa!/=-$. 70' 
Prepared by GeoSyntec Consultants Page51 
H ~ 6 A D Q 8 0 ( 1 ~ ~ 9 B l ~ ~ l ~ o d U i u o c a p v t a S ~ ~ .  1- 

Reach 12: Culvert hom F Street Dalnage Channel 

162) Nnl: Inkt condilinns nn evaluated 
1651 W a r n :  In(el devalion mt SpeClRed 

IMUN = 3.3.3Bds@ 11.99hs. V d u w  1.876aI 
OUMor, 35.75 CfS @ 12.00 hs. Volume= 1.975 af. Anen. ma. Lag= 0.7 mln 

Rollling by SlOI.lnd*Tm melhod. Time Span= 0.0024.00 hni. dl= 0.05 k s  
Max Vebcitp 4.3 tps. Min. Travel Time= 0.5 rnln 
Avo. Velocilv = 1.3 tps. Avg. Travel T i e =  1.6 mln 

PeakDepUI= 1.24' 
capaclry 01 bank lull= 387.00 J s  
A fada cl 2.00 has lmen applied lo the suppllad slorege and h l w g e  dala 
7Z.(rDiammerrpiPe n=0.013 ~engy, 119.2' slOps-O.0021'f 

Reach 12 Culvetl from F Street Drainage Channel 
Hdd.ognph mal 

..I. . . . . . . .  t . . . . . . . . . .  I ............ ..................... : ..... 

. . .  . . . . .  f..! -..: . .  ~~- ...................... : . . .  
. . . . . . . . . . . . . . . . .  

.............................. . .3 . I  

I:.: . _ _ j . ,  ........ I ,  .: ..,..; .I ......................... . .  

Roach 11R culvort 

(521 Hh1: Inlel mndlllons ryll evaluated 
(661 Warning: lnbl h a l b n  no( wecified 

lnlbv = 28.73cls@ 11.99hrs. Volume= 1 . 4 8 1 6  
OutooW = 26.lOds@ 12.Wlk%. Vohnne= 1.46Oaf. Anen-2%. Leg=O.Smin 

Rmting by Sta-lnd*Trens melhcd. lime SDW 0.W-24.00 hm. dP 0.05 hm 
Max. Velocity. 2.1 Ips. Mm. Travel Time= 0.4 rnh 
Avo. Vehily = 0.6 Ips. Avg. Trave( Time= l.3 min 

Pear Deplh= ZB7 
Capacily al bank IuW 59.89 cis 
72.0' Diarnelw Pipe n= 0.013 Length= 50.0 Slope= O.OOO2 'f 

Reach 11R: culvorl 
Hydroproph Plot . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  

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

. , . . . .  

a I z a 4 5 a 7 a o IO 11 11 i i  I #  15 IO 17 13 IO m ZI n Y? 14 
l h l I h a y . 1  

WESTOS-1 Type It 26hr Ralnfatl4.70' 
Prepared by GwSynlec Consultants Page 52 
lWrcCAW6.00 dn 003929 0 19862001 A d e d  M i ~ m ~ l o u l e r  Smlems 

Reach 13: (new node) 

1521 Hint Inlet Condilbru nM ovahaled 
165) Wamlw Mal elevelion nn speca~ed 

OurooW = 4.45d6 @, 12.28 ha.  Volume= 0.432 al. Anen= 0%. Lag* 0.8 rnln 

Rovllng by Stor-IndtTrans molhod. Time Span= 0.0024.00 hm, dl. 0.06 hn, 
Max. velaitr 4.6 Ips. Mm. Travd Time= 0.4 min 
Avg. Vdocity = 1.8 Ips. Avg. Tm*W The= 1.1 min 

Peak DepL= 0.45 

innm 4 . 4 8 ~ 1 ~ 0  izzshre. Volume= o . w a i  

C%paJly Ed bank IUllE 386.81 CfS 
72.W Diameter Pm -0.013 Leng(h= 120.0 Slopem 0.0083 7 

Reach 1% (new node) 

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

. . . .  . , . . .  . . . . . . . . . .  . . . . . . . . .  

D I z 3 4 5 6 ? a 9 IO II I? I J  14 11 18 17 11 ID a 11 n 13 14 - l-1 
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Pond I P  Sedimentation Basin 2 
Hedroprrph PI01 
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i 

ATTACHMENT C-2 

WEIGHTED CURVE NUMBER CALCULATIONS 

i )  
F0330030-Rev I A 

m- 
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SUBCATCnhlENT AREA AND HYDR0CADm WPVT PARAhlETERs FOR TIE CALCULATION OF 
WElGIIT€ED CN 

Ens1 OSDF Conrlntrllon Design Scenario 
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RESULTS FOR THE CALCULATION OF WEIGHTED CN 
West OSDF Construction Design Scenario 

N 

0 

PIR 

P2R 

QN 

I .04 100% C construction faydown 82 82 

2.25 100% NIA direct runon IO pond 98 98 

0.49 100% C construction laydown 82 82 

0.2 I 100% C construction laydown 82 82 

0.13 100% C mnon north of  borrow area 79 I9 

Altachment C-2 Constructionlrev C2 West OSDF 
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I 
'1 

ATTACHMENT C-3 

TABULATED ANALYSIS RESULTS FOR CHANNELS 

'I 

F0330030-RevlA 
1 
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GEOSYNTEC CONSULTANTS PAGE OF 
Written by: Victoria Cheplak (VSO Date 6/13/04 Reviewed by: Date: 

Client: Fluor Fernald. Inc Project: OSDF Phase V Revision Cell 8 DCN Project No.: GO3309 Task No.:2/2 

? 
! 

ATTACHMENT C-4A 

CulvertMaster@ OUTPUT REPORTS FOR CULVERTS 

’\ 

! 

\ 1 
F0330030,Rev 1A 
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GEOSYNTEC CONSULTANTS PAGE OF 
Written by: Victoria CheDlak (VSC) Dafe 6/13/04 Reviewed by: Date: 

Client: Fluor Fernald. Inc. Project: OSDF Phase V Revision Cell 8 DCN Projed No.: GO3309 Task  NO.:^ 
\ 

I 

CulvertMaster@ OUTPUT REPORTS FOR CULVERTS 

EAST OSDF DESIGN SCENARIO 

\ 

i 

3 
I 

F0330030-RevlA 
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Culvert DesignedAnalyzer Report 
east node I 1  

i 
! Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 
~~ 

Allowable HW Elevation N/A f l  Storm Event Design 
Computed Headwater Elev; 586.64 ft Discharge 79.65 cfs 

Inlet Control HW Elev. 586.64 R Control Type Inlet Control 
Outlet Control HW Elev. 586.63 fl 

Headwater DepthlHeight 1.32 Taliwater Elevation 584.74 n 

Grades 

Upstream Invert 583.67 n Downstream Invert 583.58 fl 
Length 40.00 f l  Constructed Slope 0.002355 Wft 

Hydraulic Profile 

Slope Type Mild Normal Depth NIA A 

Veloclty Downstream 7.80 fVs Critical Slope 0.004563 fvA 

Profile M2 Depth, Downstream 1.80 ft 

Flow Regime Subcritical Critical Depth 1.80 R 

Section 

Section Shape Circular Mannings Coefficient 0.01 0 \ 
! SecGmhQi3feYHDPE (Smooth Interior) Span 2.25 ft 

Section Size 27 Inch Rise 2.25 ft 
Number Sections 3 

Outlet Controt Properties 

Outlet Control HW Elev. 586.63 R Upstream Velocity Head 0.76 ft 
Ke 0.20 Entrance Loss 0.15 ft 

inlet Control PmDetties 

Inlet Control HW Elev. 586.64 n Flow Control Submerged 

K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scare 3 
c 0.031 70 Equatton Form 1 
Y 0.69000 

Inlet Type Groove end projecting Area Full 11.9 A' 

Tile: Fernald OSDF Phase V Revislon Project Engineer: Victoria Cheplalc 
h:\ ... \eestosdl\east osdf culverts revisad.cvm GeoSyntec Consultants Culvertblaster v3.0 [3.0003] 
12/10/04 02:14!22 PM Q Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 2 of 3 

Document 6774 



Culvert Design Report 
east node 28R 

. .. 
-1 

\ 
i 

0eslgn:Triaf-1 

Solve Foc Headwater Elevation 

Culvert Summary 

Allowable HW Elevatlon NIA A Storm Event Design 
Computed Headwater Elevallon 588.02 fl Discharge 77.45 cis 
Headwater OepthMelght 
Inlet Control HW Elev. 

1.03 Tellwater Elevatlon 586.01 R 
587.87 ft Control Type Outlet Control 

Outlet Control HW Elev. 508.02 R 

G~d8.9 

Length 85.73 fl Constructed Slope 0.004782 IUft 
Upstream Invert 585.20 R Downstream Invert 584.79 ft 

Hydraulic Profile 

Profile M2 Depth. Oownstream 1.54 R 
slope Type Mild Normal Depth . 2.01 n 
Flow Reglme SubuiUcal Critical Depth 1.54 R 
Velodty Downstream 6.80 Ws Critical Slope 0.009123 fvft 

Sedbn 
Section Shape Arch Mannings Coefficlent 0.019 

Section Materiel Steel and Aiurninum Var CR Span 
Section Size 49 x 33 inch Rlse 

4.08 R 
2.75 'ft 

Number Sedlons 2 

Outlet Control Properties 

Outlet Contmi HW Elev. 
Ke 

588.02 R Upstream Veioclty Head 0.48 R 
0.90 Entrance Loss 0.44 R 

Inlet Control Pmperties 
Inlet Control HW Elev. 587.87 ft flow Control NIA 

Inlet Type 
K 
M 

Thtn wall projeding Area Full 
0.03400 HDS 5 Chart 
1.50000 HDS 5 Scale 

17.8 ft' 
34 
3 

C 0.04960 Equation Form 1 

Y 0.57000 

,I 
I ' 

Mle: Femald OSDF Phere V Revision Project Englnser: Vietodie Cheplak 
h \  ... bestosdneast osdf culverts revised.cvm GeoSyntec Conaulbnts CutvertMaster v3.0 [3.00031 
06/14/04 02:52:40 PM Q Haested Methods, Inc. 37 Brookside Road WaledxJIy, Cf 06708 USA +1-203-755-1666 Page 5 
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GEQSYNTEC CONSULTANTS PAGE OF I 

Written by: Victoria Cheolak (VSm Date 6/13/04 Reviewed by: Date: 

Client: Fluor Fernald. I n r  Project: OSDF Phase V Revision Cell 8 DCN Project No.: GO3309 Task No.:2/2 

'\ 
I 

CulvertMaster@ OUTPUT REPORTS FOR CULVERTS 

WEST OSDF SCENARIO 

F0330030-RevlA 
d 
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Culvert DesignedAnalyzer Report 
west node 8BR 

'l 
Design:Trlal-1 

Solve For: Headwater Elevation 

Culvert Summa ly 

Allowable HW Elevation 577.00 R Storm Event Deslgn 
Computed Headwater Elevi 575.43 ft Discharge 
Headwater Depth/Height 1.10 Tailwater Elevation 573.32 fl 
Inlet Control HW Elev. 575.30 A . ControlType Outlet Control 

85.60 cfs 

Outlet Control HW Elev. 575.43 ft 

- ~~ ~ ~ ~~ - 

Grades 

Upstream Invert 572.12 fl Downstream Invert 572.00 A 
Length 30.00 R Constructed Slope 0.004000 fUR 

Hydraullc Proffle 

Proffk M2 Depth, Downstream 2.13 ft 
Slope Type Mild Normal Depth 2.50 fi 
Flow Regime Subcritical Critical Depth 2.13 ff 
Velocity Downstream 7.97 Ws Critical Slope 0.005654 fVR 

~ ~- . ~ ~- ~~~~~ ~ 

Sedbn 

' Section Shape Circular Mannings Coefficient 0.013 
Section Material Concrete Span 3.00 fl 
Section Size 36 inch Rlse 3.00 fl 
Number Sections 2 

Outlet Control Properties 

Outlet Control HW Elev. 575.43 ft Upstream Velocity Head 0.83 R 
Ke 0.20 Entrance Loss 0.17 fl 

Inlet Control Properties 

Inlet Control HW Elev. 575.30 ft Flow Control Unsubrnerged 
Inlet Type Groove end wheadwall ' Area Full 14.1 fl* 

1 
2 

K 0.001 80 HDS 5 Chart 
M 2.00000 HDS 5 Scale 
C 0.02920 Equation Form 1 
Y 0.74000 

Tille: Femald OSDF Phase V Revision Profed Engineer. Victoria S. Cheplak 
h:L..\westosdf\west osdf culverts revisedlOO%.cvm GeoSyntec Consultants CufvertMaster v3.0 [3.00031 

Page 2 of 2 12l10l04 02:16:05 PM 0 Haestad Methods, Inc. 37 Brookside Road Waterbury. CT 08708 USA +1-203-755-1866 
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Culvert DesignerlAnalyter Report 
west node 9BR design 

' Design:TriaI-1 ! 
.'\ 

Solve For: Headwater Elevation 

Culvert Summaly 

Allowable HW Elevation . NIA ft Storm Event- Design 
Computed Headwater Elevi 580.52 ft Dlscharge 9.65 cfs 
Headwater DepthlHeight 1.63 Taihvater Elevation 576.97 R 
Inlet Control HW Elev. 580.52 fl Control Type Inlet Control 
Outlet Control HW Elev. 580.48 ff 

Gmdes 

Upstream Invert 578.08 R Downstream Invert 576.00 ft 
Length 88.00 ft Constructed Slope 0.023636 fUR 

Hydraullc Prome 
~ 

Profile s2 Depth, Downstream 1.04 ft 

Flow Regime Supercritical Critical Depth 1.20 R 
Slope Type Steep Normal Depth 1.04 ff 

Velocity Downslream 7.38 ftls Critical Slope 0.016952 fwt 

Section 

Section Shape Circular Mannings Coefficient 0.01 8 
Section Material CMP Span 1.50 ft 
Section Size 18 Inch Rise 1.50 R 
Number Sections 1 

1) 

Outlet Control Properties 

Outkt Control HW Elev. 580.48 R Upstream Velocity Head 0.63 ft 
Ke 0.90 Entrance Loss 0.57 fl 

Inlet Contnl Pnpettles 

Inlet Control HW Elev. 580.52 ft Flow Control Submerged 
Inlet Type Projecting Area Full 1.8 f f l  
K 0.03400 HDS 5 Chart 2 
M 1.50000 HDS 5 Scale 3 
C 0.05530 Equation Form 1 
Y 0.54000 

Title: Fernald OSDF Phase V Revlslon Project Engineer: Victoria S. Cheplak 
h:L.\westosdnwest osdf culverts revisedl OO%.cvm GeoSyntec Consultants CulvertMasler v3.0 [3.00031 
12110104 02:18:41 PM Q Haestad Melhods, lnc. 37 Brookside Road Waterbury. CT 06708 USA +1-203-755-?660 page 2 of 2 
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Culvert DesignedAnalyzer Report 
west node 1 I R design 

'\ Design:Trial-1 
1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation N/A A Storm Event Design 
Computed Headwater Elevi 562.31 R ' Discharge 26.73 cfs 
Headwater Depthkleight 2.40 Taihvater Elevation 579.94 R 
Inlet Control HW Elev. 581.53 R Control Type Outlet Control 
Outlet Control HW Elev. 562.31 R 

Grades 

Upstream Invert 577.50 fl Downstream Invert 577.50 A 
Length ' 50.00 fl Constructed Slope 0.000000 WR 

Hydraulic Profile 

Profile PressureProflle Depth, Downstream 2.44 f i  
Slope Type NIA Normal Depth NIA R 
Flow Regime NIA Critical Depth 1.84 R 
Velocity Downstream 9.15 ftls Critical Slope 0.013997 fUR 

~~ ~~ ~ -~ ~~~ ~ ~~ 

Section 

Section Shape Circular Mannlngs Coefficient 0.013 
Section Material Concrete Span 2.00 R 
Section Size 24 inch Rise 2.00 A 
Number Sections 1 

Oullet Control Pnpertles 

Outlet Control HW Elev. 562.31 R Upstream Velocity Head 1.30 A 
Ke 0.20 Entrance Loss 0.26 A 

Met Control Properties 

Inlet Control HW Elev. 561.53 A Flow Control Submerged 
Inlet Type Groove end projecting Area Full 3.1 A' 
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 
h:L..\westosdnwest osdf culverts revisedlOO%.cvm GeoSyntec Consultants Culvertblaster v3.0 [3.0003] 
1Z101W 02:20:50 PM Q Haestad Methods, Inc. 37 Brookslde Road Waterbury, CT 06708 USA +I-203-755-1666 Page 2 of 2 
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Culvert DesignedAnalyzer Report 
west node 12 design 

'1 Design:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevation 581.90 ft 
Computed Headwater Elevi 579.99 ft Discharge 36.39 cfs 
Headwater Depth/Height 1.60 Tailwater Elevation 577.18 R 
Inlet Control HW Elev. 579.46 ft Control Type Outlet Control 
Outlet Control HW Elev. 579.99 ft 

Stom Event Design 

~~ 

Grades 

Upstream Invert 576.00 ft Downstream Invert 575.75 fi 
Length 119.24 R Constructed Slope 0.002097 fVR 

Hvdraulic Profile 

Proflle CompositeM2PressureProfile Depth, Downstream 2.05 ft 
Slope Type Mild Normal Depth NIA fi 
Flow Regime Subcritical Critical Depth 2.05 ft 
Velocity Downstream 8.47 ftls CritlCalSlOpe 0.007900 Wft 

~~ ~ ~ 

Sedbn 

-1 Section Shape Circular Mannings Coefficient 0.013 
/ Section Material Concrete Span 2.50 ft 

Section Size 30 inch Rise 2.50 R 
Number Sections 1 

Inlet Control Properties 

Inlet Control HW Elev. 579.46 f l  Flow Control Submerged 

K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equatlon Fom 1 
Y 0.69000 

Inlet Type Groove end projecting Area Full 4.9 R' 

\ 

1 

~~~~ ~~ 

Outtet Control Properties 

Outlet Control HW Eiev. 579.99 n Upstream Velocity Head 0.85 ft 
.Ke 0.20 Entrance Loss 0.17 It 

Ttle: Fernald OSDF Phase V Revision PmJed Engineer: Victoria S. Cheplak 
h:\..\westosdnwesl osdf culverts revisedlOO%.cvm GeoSyntec Consultanta CuhrertMaster v3.0 [3.0003] 
32/10/04 02:21:23 PM Q Haestad Methods, Inc. 37 Brookslde Road Waterbury, CT 06708 USA +1-203-755-1686 Page 2 of 2 
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Culvert DesignedAnalyzer Report 
west node 73 

1 Des1gn:Trial-1 

Solve For: Headwater Elevation 

Culvert Summary 

Allowable HW Elevatlon 581.50 fl Storm Event Deslgn 
Computed Headwater Elev; 580.20 ff Discharge 4.46 ds 
Headwater OeplhMeight 0.80 Tailwater Elevation NIA n 
Inlet Control HW Elav. 580.16 ll Control Type Entrance Control 
Outlet Control HW Elev. 580.20 fl  

~~ ~ ~ ~~ -~ ~ 

Gfades 

Upstream Invert 579.00 n Downstream Invert 578.00 R 
Length 120.00 A Constructed Slope 0.0083oo fvn 

Hydraulic Profde 

Profile s2 Depth, Downstream 0.72 fl 

Flow Regime Supercritical Critical Depth 0.81 R 
Velocity Downstream 5.32 R/s Critical Slope 0.005570 fvft 

Slope Type Steep Normal Depth 0.72 fl  

~ ~~ 

Sedbn 

,. Section Shape Circular Man nings Coefficient 0.013 
} Section Material Concrete Span 1.50 n 

Section Size 18 inch Rise 1.50 fl  
Number Sections 1 

~ ~ ~ ~- ~~~ ~ _ _  ~~ ~ ~ 

Outlet Control Pm perlies 

Outlet Control HW Elev. 580.20 fl Upstream Velocity Head 0.33 R 
Ke 0.20 Entrance Loss 0.07 R 

Inkt  Control Properties 

Inlet Control HW Elev. 580.16 fl Flow Control Unsubmerged 
Inlet Type Groove end projecting Area Full 1.8 R’ 
K 0.00450 HDS 5 Chart 1 
M 2.00000 HDS 5 Scale 3 
C 0.03170 Equation Form I 
Y 0.69000 

Project Engineer: Victoria S. Cheplak Title: Femald OSDF Phase V Revision 
GeoSyntec Consultants CukertMaster v3.0 (3.00031 h:L.\westosdf\wesl osdf culverts revisedlOO%.cvm 

12110104 02:21:43 PM Q Haestad Methods. Inc, 37 Brookstde Road Waterbury, CT 06708 USA +1-203-755-1666 Page 2 of 2 
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ATTACHMENT C-4B 

TABULATED ANALYSIS RESULTS FOR CULVERTS 

I 
.' F033003O-Rev 1A 

- 
61 I 612004 

Document 6774 



\ 
i OSDF CONSl'RUCTION/FILLING PERlOD CONDITIONS 

E OSDF - Ea1 DSDF C o ~ b u l i h P h u c  Daiw S d  
. W OSDF - W a  OSDF Comp'llrCo~Phus Duip Sccnuio 
. DC A - Daisn Cue 'A' 
. NIA - No1 Awliclbls 
. d , , - ~ v c n g r p m i c ~ s d i a  
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13.3 OSDF PHASE V, EAST 2000-YEAR 
DRAINAGE CHANNEL EVALUATION 
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..-> 

ADDENDUM TO SECTION 13.3 

(REVISION 2A DUE TO CELL 8 EXPANSION DCN) 

This addendum details the calculations that were revised within Section 13.3, OSDF Phase 
V, East 2000-Year Drainage Channel Evaluation, of the Final Design Calculation Package for the 
Femald.Environmenta1 Management Project (FEMP), due to the re-design of Cell 8. This re- 
design, referred to as the Cell 8 Expansion DCN, encompasses the extension of Cell 8 by 
approximately 100-feet to the South. This addendum discusses the modifications made to this 
calculation package as Revision 2A and as associated with this DCN. 

. For Revision 2A to this calcuiation package, the critical case for the drainage channel 
aligned along the east perimeter of the OSDF during the 2000-Year, 24-Hour Storm (i.e. the 
2000-Year Drainage Channel) was evaluated to confirm the adequacy of the channel using the 
revised channel and OSDF geometry. This critical case is presented as the Heavy Vegetation 
Scenario, which considers Manning's n values of 0.24 for sheet flow and 0.07 for channel flow. 
The surface water management system was modified to reflect the design changes resulting from 
the expansion of Cell 8 and analyzed to verify the adequacy of the channel. For this submittal, 
only the Heavy Vegetation Scenario was modified; it should be notea that the Light and 
Moderate Vegetation Scenarios, detailed in this section, were not modified as they are Iess 
conservative than the critical Heavy Vegetation Scenario and are therefore not presented. 

'. 

'I 
I 

In order to present the results of this DCN analysis in an efficient manner, only the 
attachments that summarize the modifications and updated results for the 2000-Year Drainage 
Channel Evaluation with regard to the DCN are presented. These attachments are listed 
subsequently and explained in further detail. 

Attachment A-1 - Layout of 2000-Year Storm Design Scenarios. This layout 
demonstrates the revised configuration of the OSDF. Each surface water structure is 
labeled as identified in the hydrologic analysis. 

9 Attachment A-2 - Nodal Network Diagram. This diagram demonstrates the 
revised configuration of the surface water management system as a result of the 
DCN. 

= Attachment B-2 - Data for Calculation of Time of Concentration. These data 
demonstrate the revised flow paths used to calculate the time of concentration for the 
revised configuration of subcatchments used in the hydrologic analysis. - 

GQ3309/F0420009 
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Client: Fluor Fernald, Inc. Project: OSDF Phase V. Revision 2A . Cell 8 Expansion DCN Project No.: GO3309 Task  NO.:^ 

. -1 Attachment C-1C - HydroCAD Output Reports - 2000-Year, 24-Hour Storm 
Event, 2000-Year Design Scenario - Heavy Vegetation. This attachment provides 
the results of the hydrologic modeling for the 2000-Year Drainage Channel under the 
Heavy Vegetation Design Scenario for the 2000-Year, 24-Hour Storm, which is 
considered the crjtical case for these calculations. 

Attachment C-2 - Weighted Curve Number Calculations. These calculations 
present the revised areas and Curve Numbers for the revised configuration of 
subcatchments used in the hydrologic analysis. 

Attachment C-3 - Tabulated Channel Analysis Results. These resuIts present the 
revised channel characteristics (Le., geometry), flow within each channel, and 
hydraulic characteristics including peak flow depth and available freeboard, for the 
revised configuration of the 2000-Year Drainage Channel used in the hydrologic and 
hydraulic analysis. 

Based on the analyses for the design change of the expansion of Cell 8, the 2000-Year 
Drajnage Channel is adequate to convey the 2000-Year, 24-Hour Storm Event and provide the 
required freeboard. . 

GQ3309lF0420009 
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ATTAClKMENT A- l  

LAYOUT OF 2000-YEAR STORM DESIGN SCENARIOS 

i 
F033003 1-RevlA 
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ATTACHMENT A-2 

NODAL NETWORK DIAGRAM 

1 
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GEOSYNTEC CONSULTANTS PAGE OF 
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ATTACHMENT B-2 

DATA FOR CALCULATION OF TIME OF CONCENTRATION 

? 

F033003 1 -Rev I A 
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HYDROCADTM INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION 
2000 YEAR STORM DESIGN SCENARIO -HEAVY VEGETATION 
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ATTACHMENT C-IC 

2000-YEAR S T O W  DESIGN SCENARIO - HEAVY VEGETATION 
2000=YEAR, 24-HOUR STORM EVENT 

i 

1 

FO33003 1 -Rev I A 
I- -- 
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Prepared by GeoSwtec Consultants paoe 1 
H u d r o C m  6.W sh W29 0 I988-2Wl Awlkd HbaanMn Smlsmr rulolm 

Tbm span-0.W24.W h16. dl=0.05 hrs. 481 poinls 
R u d  by SCS TR-20 m e M .  UH=SCS. Type II 2Qh1 Rainla#= 13.w' 

Reach routing bySlof-lnd*Trant method . Pond rwling by SIM.M melhod 
. 

Subcatchment& veootated find cover 
TCe25.4min CN.99 kOa=2.501 ac Runall- 27.Mda 27W U 

'hment B: vpgdtalod Rnd cover 
Ts1Z.I mm CN=99 keas1.637 ac Runon- 24 87ds 1.7546 

Subcatchment C vegelaled final cover 
T ~ 2 9 . 9  mb, CN=89 kea=4.860ac Runon= 48.IOda 5.297al 

Subcatchment D: vegetated find cover 
Tc-26.2min CN.99 Ar00-4.746ac R d =  47 77ds 5.0706 

Subcatchment OOR: (new node) 
7c=t3.nm CN.99 A r e a = O . M a c  Runon= 13.9OcI~ 1.028aI 

Subcachmenl E. vegelated final c o w  
Tc=27.5 mtn CN=99 /vea=4.846 BC R m d =  50.54 ds 5.285 a1 

Subcalchmmt F vqplatedflnd cover 
Tc=28.0min CN=% Ama=4.814 BC RunoH= 4.3.59ds 5.943al 

Subolchmmt FFR vege(aled final a v e r  
Tc=27.7 mm CN-99 A10as4.670~~ R w H =  47.49ds 4.P)Oal 

SubcAdmnnt C: vegetated Rnd covet 
~cs28.0 mil  CN=B Area.4.946 ac R-n= 49.93 CIS 5.204 al 

Subulchment HR: vegetaled RMI cover 
Tc=26 2 ndn CN=99 *lea*4.590 ac Runon= 48.22 ds 4.905 a1 

Subcatchment I: NM oan o f  OSOF 
T ~ 2 0 . 4  min CN.90 Maa=0.530 ac RumH= 624 ds 0.517 a1 

Subcalchmenl I R  (new node) 
T ~ 1 9 . 2 m h  CN=W kss.O.7lOac Runcfl-8.84da 0.780al 

Subolchmnt L runm easl of OSOF 
7 ~ 4 4 . 5 m i l  CNs90 km.1.242ac R1moH=9.0?cIs l.207al 

Subralchmnt JR: (new node) 
Tc=22.l mh CN=99 kea=2400ac RunoII= 27.73Crs 2.567al 

Subulchmenl K- runon east of OSDF 
Tc-b2.4 min C N = I  kea-2.823 ee RuroN= 14.65 da 2425a1 

1 

L... a f E 4  
Prepared by GeoSyntec Consullanla 
HwlfdrDCAWJ 6.W rh CGU929 0 19116-2001 Amfied MiFIommRnH Swlemr 

Re& 9: cast mnon ditch 

paw 3 
IZIlWZW4 

I n W  110.4Zds t7.353al 
LengUv 475.0' MU Val= 1.7Ips C a p a ' p  5.717.07da O u W n  108.18 ds 17.29001 

lnfbm- 294.37 ds 46.932 a1 
LengVI. 144.0' Max Vd- 2.7 fpr C a p r i p  1,28447 ds OvmovP 293.60 d s  46.902 e( 

Innow= 303.45 dr 9.229 64 
LengLh. 356.0' Max Vel= 2.7 Ips Cspmtp 424.75 d% Oumorr 298.99 ds 50.144 al 

I& 17113ds 27140al 
Len@= 170.0' MarVeI=ZSlpt Cs0JcitrM3.3(ch O u ~ i 7 1 . 2 6 d r  27.416af 

Runoff Area I 78.5078~ Volume 79.624 81 Avorags Depth 1Z.OT 

Roach 9 R  (now nodo) 

Reach I O A R :  (now nodo) 

RIech 11: (nw, nOdE) 

Prepared by GmSwlec Consultants 
t(vllroCAIXa6.00 ahno00929 e 11)86.2001 MtedMaoccmwla Sr.remr 

Subcalchmml L: runon cast d OSOF 

Page 2 
lUlO/zOoq 

Tcr37.2min CN.86 &ues=1.779ac Run&= 14.28ds 1.053sl 

Slrbcalshmenl M: runon easi d OSDF 
Tc-59.5 min W=86 kea*7.234 ac Runolh 41.83 ds 6.693 e4 

Subcatchment N: rn mas1 01 OSOF 
1 ~ 4 8 . 4  mln CW85 Ama-11.6M ac Rum#= 77.52 d s  10.887 al 

Subcatchment 0: runon easi 01 OSOF 
lc=44.Omin CN=86 kaa=10,935ac RmoH= 78.19crs t0 .149d 

SubCalchmnt a: runon easl d OSOF 
Ica0.7  mm CN=87 kna.1.520 ac Aumfl= 11.56 cfr 1.428 a1 

InIlwm 52.44 CIS 5.051 a1 
Lenglh=405.0' MaxVd= 1.5 Ips Capsdlp 1,099.51 dr O u t l l w ~  4 9 0 7 4 1  5.03(al 

Reach2 mnon channel Inlbwl1M.36CIs 11.538al 
LmgLh: 385.0' Marvel= 2.2 Ips Ceparrlp 880.57~15 O u h =  102.73ds 11.5l301 

Reach 3 runoff channel I- 155.41 cls 19.OWal 
Leraho 405.0 MaxVel- 2 . 7 1 ~  CssCnyM11.07ds Dulllow= 15319ds 18.97301 

Reach 1: runoff channel 

Reach 3R: (MW node) I- 180.08 ds 2 8 . U  a1 
oumav. 180.08 d s  28.844 S I  

Reach 4 run& rhannel In+ 206.22ds 25.911 aI 
LengVI= 395.0' M u  Vd= 2.4 Ips Capacllp 590.36 ds Ovtllmr; 203.76 CIS 25.859 aJ 

lnllars 2J6.M) d e  31 .W2 el 
Lengths 405.0' Mar Vel= 2.5 Ips Capacitp 380.07 ds Ouma*; 234.19 c b  30.942 a1 

In- 262.61 CIS 33.226 al 

Reach I: runon channel 

Reach (I: Nndt c h m d  
Lmnglh* 480.0' M ~ X  vel= 2.6 ips capamp 433.33 ds o u m ~ 2 5 9 . a 7  ds 36.144 a1 

Reach 7 east ditch 
LmgW 395.0' Mar Vel= 0.0 Ips  Cepscitp 104.13 dr hrmwr 0.00 ds O.Oo0 e l  

I ~ 2 7 9 . 0 5 d o  41.049sf 
Lmghn 467.0' Mar Vel- 2.6 Ips Cep-lp 376.M) ds oU(R0v; 277 0 4  cfs 40.962 af 

In- 41.83 CIS 6.693 a1 
Lmglh.405.0' MsxVel= 1 . 3 1 ~ ~  Cepadhp 76IJ.9e.d~ Outntrx; 41.21 d s  6.66701 

Inbm 284.24 CIS 45.852 a1 
Leng(h* 241.0' MaxV.I= 2.8fpr C a p a c i l ~  433.14 ds Oulilwr=292.95ds 45.801al 

Ruech 7R: (new nods) 

Reach 8: east r~nm dllch 

Reach OR: (new node) 

20DOYE-1 
Prepared by GeoSyntec Consulbnts 
MdmCADg8.W sln Mo929 8 19862OOl AWcd MIumDUIm Swims 

Type I/ 24-hr Reinfalb 13.00' 

1ZlO/MO4 
page 4 

Subcatchment A. vegetated final cover 

Runoil = 27.84 ds @ 12.17 hn: Volume.; 2.780 a1 

Runoff by SCS TR-2O rnelhod. UH.SCS. Tima Span= 0.00.24.00 his. dt= 0.05 hm 
Type I1 24h1 RainlalC13.W 

Areafac) CN Descdotlon 
2.601 w 

Grass: OeAe n= 0.240 PZ= ZW- 
Sheel Flow. 
Grass: Oense n= 0.240 PZ= 2.60' 

Grass: Dew n- 0.240 p2= 2.80' 

5.5 60 0.1OOO 0.2 

9.3 150 0.1700 0.3 Sheel now. 

0.5 I90 0.1700 8.6 SMlow Cmcentraed Fl-. . _  . .  
Unoavd Kr- 18.1 Ips 

25.4 490 Tole1 

Subcatchment A: vegelated find cover 
HIQogrwhPIol 

n . .  

qi;.. ::: ..:... . : . -  . . . . . . . . . . . . . .  ................... . . . . .  . . . . . . . .  . .  ' . ' ?  . . . . . .  :.,. ...: ; . . . . .  
. . .  . ..................... 

. .  . .  . . . . . . . .  I . I  
. . . . . . . . . . . . . . . . .  

: . . . . . . . . . . . .  . 
I. I 

........................... . .  . . .  I .  . i . :  . . . . . .  . ~ .  . . . . . .  . .  . . .  ................... * . . . . . . .  , .  ' .  . .  . .  . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  :... ... 

> .  

. .  ..'.-. ..... ..: ............. 
. I  . . .  . . . . . . . . . . . . . . . . . . . . . .  . .  ..:. . . . . . . . . . .  I . . .  . . . .  .............................. . : . . I  
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prepared by GeoSynlec Conwd(an1s 
t+4-6 M b COW29 0 19W-iWI &+d M l ( r - ~ u ( ~  Systems 

P a p  9 
1 2 / 1 o m  

Subcatchment E: vegetated final covw 

RtmM = So.stds@ 12.Mha. V h m e =  5.285al 

Rupn ly SCS lR-20 memod. W S C S .  T I  Span= 0.00.24.M hfa. d l z  0 05 hn 

(x )  CN Dez.c&Lan 
1.846 n, 

rc L a g u ,  9% vcbcav CaPaclY D e X n P h  
I&) (bel) [ I I rum) Ids) 
I 0 1  90 0.oSw 0.1 yre( Flar. 

5.5 60 0.1OOO 0.7 -F)ar. 

9.3 150 0.1700 0.3 S h U  Flar. 

0 4  I70 01700 6.6 Ysua Corrrntnud Flow. 

0.4 50 0.0095 2 0  108.55 InpNrlRaclChmndFlow, 

1.8 320 0.0105 10 148.58 1 n p N ~ ~ c I C h . n n o l F l w .  

Gmsr Dense n= 0.240 P2= 2.80- 

Gas: Dense n= 0.240 P2= 2.60- 

&ass: M a e  n- 0 240 P2- 2 6D' 

Urpsved Kv= 16.1 Ipa 

~01.w;o.w 0 4 3 Z  z= 6.0 6 4 07  n= 0.070 

~ai.wno.00' 0 4  37 Z= 6 o h  3.07 n= o 070 
275 840 T W  

Subcalchmsnt E: vegetated final cover 

. . . . .  

- 
f 
a 

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

0.3 n o  0.1700 6.e 

0.0 I2 0.05oO 4.5 !jhafIw conCon(rat0d Flou. 
lhveved Kv= 16.1 IDS 

Paved Kv=20.31m 

Bd.W=O.W lk5.49 2. 6.0 i% 3.0 7 w 0.070 
27 (87 O.Oo50 2 9  392.06 TISN.dRaclChmdFlow, 

27.7 89B Tdnl 

SuMchmcnl FFR. vaoetaled flnai cover 

. . . . . . .  

I . . . .  
. . . . . . .  ! . . .  
. . . . . .  ; . . . . .  

. .  

. _  . . . . .  .. _. . - -. ............. 

. .  

o 1 I a 4 5 T I a ~ 1 1 ~ ~ i a u ~ 5 1 6 1 ~ 1 e 1 ~ m z 1 n n i r  
h 1-1 

Prepared by GeoSynIec Consullanls Page 10 
HWoCMX 6.00 d n  ooO929 Q 19862001 Wid Miempuler  Sm10ms l v l ~ q  

Subcatchment F: vegetated final cover 

Area(ac) CN Dsacrlplim~ 
4.614 99 

Tc Length Sbpe Vetcub Capacily Dsrriptm 

10.1 90 0 . o m  0.1 shnl  Row. 

5.5 60 0.1m 0 2  Shed F l a .  

9.3 150 0.1700 0.3 sheet Rwr. 

0.4 175 0.1700 6.6 Shallow Conuntrded Flow. 

2.7 360 0.0050 2.2 150.56 Tr;qrN.clRsdChamslRorr, 

(min) [leal) (IUH) (fusee) [CIS) 

Grass: Dense n= 0.240 PZ- 2.60' 

Grass: (Xlnse n- 0.240 PZ- 2.60' 

Orasl: Oense n= 0.240 P2- 2.60' 

Unpaved Kv. 16.1 Ips 

~olwno.o(l k3.68' Z= 4 o d 6.0 'r n= 0.070 
28.0 835 TOW 

Subcatchment F: vegetated final cover 
Hydrogram Pkd 

2oooYE-1 Type /I Z4hr Reinfa//=73.W' 
Page 12 

thtkuxm 6.00 dn ma e imbmi Apobed Mhocomwula Smiemr 1211012004 
Prepared by GeoSynlec Consullants 

Subcatchment G: w t a t e d  final cover 

Runon = 49.93 CIS @ 12.20 hrs. Volume= 5.284 e1 

Type 11 24hr Raln(~dbl3.W' 
RUIWII by scs m-m mathod. UH=SCS. T I  Span- 0.00-24.00 h. dl= 0.05 m 

Arsalscl CN DeBcripIm 
4.848 SD 

TC Length slope Veloei~ caps* Demiplhn 
Imin) (fee0 (MI) (IVWC) (Js) 
10.l 90 0.0500 0.1 S b l  Rmv. 

5.5 60 O . l W 0  0.2 Shnl  Row, 

9.3 150 0.1700 0.3 shed Row, 

Gress: Dense nu 0.240 P2- 2.60' 

Grau: Dense n= 0.240 P2= 2.80- 

Grass: DBnse n= 0.240 pz. 2 . W  

Unpaved Kv= 16.1 Ips 
0.4 175 0.1700 6.6 ShaUorr Concmtraled Flw, 

2.7 370 0.0050 2.3 153.25 T W e w R ~ C h a n n e I f l w .  
BOLW=O.OY D=J.W z= 3.0 8.0 'r nu 0.070 

28.0 645 Told 

Subcatchmen1 0: vegetated final covet 
Hydrograph Plol 

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  _ _ :  __ , .  .. I 
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2000YE-1 
prepared by GeoSynlec Consullanls 
HdroCAWD6.00 sInn0M)oTJ 01086-Mdl A p d c d M i p u l m  Syslems 

Subcatchment JR: (new node) 

Runon = 27.75~1s @ 12.14 hre. Vc&na= 2.567 a1 

Runan by SCS 7R.M memod. UH=SCS. EM Span= 0.00-24.00 ha.  el= 0.05 hr6 
1"-- 'I?ChrRainfaU=13.W 

![ad CN Desuipl'm 
:.m 99 

Tc Lenglh Slope Vebxlly Capacity Descrlpliw, 

9.2 BO 0.0500 0.1 sheel flow. 

26 22 0 . 1 0  0.1 sheel now. 

10.0 I65 0.1700 0.3 Sheet Flow. 

(min) (leel) (WH) /IUsec) (CIS) 

Glass: Dew n- 0.240 P2= 2.60' 

Grass: Dense n= 0.240 P2= 2.60- 

Grass: Dense n= 0.240 P28 2.60' 

Unpaved Kv= 16.1 Ips 

Paved Kvn 20.3 Ips 

0.4 145 0.1700 6.6 Shallow Cmcenlrmd Flow. 

0.0 12 0.0500 4.5 Shallow Concenlraled Flow. 

22.1 424 T o l l  

Subcatchment J k  (new node) 

! 
&-..dfE-l Type H 2Mr Rain/at/=13.00' 
Prepared by GeoSynlec Cwul(en1s Page 19 
WmC- 6.00 ah 000929 0 l9S6.2001 Apdied M t u m P u l a  Svrlonu 1Y10/2ooo 

Subcatchment L: runon east of OSDF 

Rmofl = 14.28cIs@ 12.31 hrs. Voluns= 1.653al 

Runoff by SCS m.20 memod. UH=SCS. nm Span= 0.00-24.00 hrr. dls 0.05 hm 
Typo II 2 4 h  Rainlall=13.W 

/\rea(ac) CN oesciiplm 
1.778 a6 

TC Lenglh Slope V e l d y  CspsCny DosulpliM 
(mlnl (feel) (W) (Wsecl (CIS) 
34.8 300 0.0250 0.1 Sheet Flow. 

Grass: Dams n= 0.240 PZ= 2.60' 

Unpsred Kv= 18.1 lp 

Unpaved Kv= 18.1 Ips 

Bol.W=O.W 0=3.37 25 6.0 L 3.07 n= 0.070 

0.9 140 0,0250 2.5 Shallow Cmcentreled Flow. 

0.9 170 0.0375 3.1 Shallow Concentrated Flow. 

0.5 90 0.0105 3.0 148.58 TnpNoelRec(ChemnlFlW, 

37.2 700 Told 

Subcatchment L runon east of OSOF 

."""lL d , , r  .... ."."~ 
Prepared by GeoSyntec Conwllanls 
ttjd1oCA1%96.00 d n  -29 0 198G2MI A m T e d  Miuooanplt&! Splans 

Page 16 
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Subwtchmenl  K. runon east of OSOF 

Rumn = 14.65ds@ 1243his. Vdume- 2.425 a1 

R-H by SCS TR-20 rnelhod. UH=SCS. TimeSpan= 0.00-24.00 hr6. df 0 . S  hn 
Type 11 26lu Rainfall= 13.00' 

Ama(~c) CN Desulplion 
2.623 86 

Tc Lenglh Slow Velocity Capacily Deruiplkm 
(mln) (lee!) W H )  /Ivsec) (CIS) 
58.0 300 0.0070 ' 0.1 S h l  Rav. 

Grass: Dense n= 0.240 P2= 2.6W 

Unpaved Kv= 16.1 Ips 

BOI.W=O.W -2.86 z= 6.0 L 4.0 *r n= 0.070 

2.1 290 0.0200 2.3 Shallow Concentrated Flow. 

2.3 250 0.0045 1.8 72.83 TrapNedRedChamslFlow. 

62.4 840 T O M  

Subcatchment K runon east of OSDF 

. . . . .  . . . . . . . . . . .  I . _ I  . . . . . . . . . . . . . .  
. . . . . . . . .  

::f/ . . 
$4  . . 

. . .  iil:/. . .  

- 1 0  . . .  : 

. . . . .  
. . . . .  

. . . . . . . . .  
. .  I 1:: . .  : 

. .  
. . .  

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

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

0 I 2 1 4 5 6 7 8 0 IO 11 I1 11 I. I5 I6 I7 IO I S  W 21 21 11 1 4  

m 

2OOOYE-1 Jvpe I/ 24-hr Rahfa//=i300' 
Prepared by GeoSynlec ConsuUanls Page 20 
M r o c A D g  6.00 sfn oo09Z3 0 19862001 A W d  Micswmtpuler Snlernr 1 

Subcatchment  M runon east of OSDF 

Rlnon = 41.63&@ 12.59hfe. Volume= 6.693af 

Rumdl by SCS TR-20 mehd. UM=SCS. T m  Span= 0.00.24.00 Ius. &= 0.05 h s  
Type II 2441 Rolnlall=l3.00' 

Afeeafac) CN DeWrpllon 
7.234 86 

Tc Lenglh Slope VaMly CapacJly Dsscdpllon 
lmln) (leel) (Wh) (Wsecl (CIS) 
50.3 3w 0.0100 0.1 Shed Flow, 

Graas:Dnus n=0240 P2=2.W 

Unpaved Kv=16.1lps 

Unpaved Kv= 16.1 fpt 

B0l.W-iO.W D=O.W Z= 4.0 L 3.0 7 n= 0.070 

3.1 350 0.0139 1.9 Shallow Comnlralcd flow, 

1.4 180 0.0187 2.1 Shallow Conumtrsled Flow, 

4.7 360 0.0125 13 3.00 TrapV-1 Channel Flow, 

59.5 1.190 Tolal 

Subcatchment Mr runon east of OSDF 

iph.rrml 
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Lvu"Il=-I 
Repared by GeoSynIec Consullanls Page 25 
khdroCADQ6.W dnOo(nZ9 B19e4-201 AdiedMicrOcomwterSWm¶ 12/10/2w4 

Reach 2: run& channel 

(85) Warning: lolel elevation nol swclTed 

In(biv = 104.?hcfs@ 12.23hrs. VO!mBa 11.538al 
oId@w 102.73 cfs @ i2.32m. V m e -  11.513 a!. Atlaw 2%. Lag- 5.4 m'n 

$by ~tor.~nd+~rans method. Time Span= 0.00.24.00 hr6. dl= 0.05hri 
?Io&= 2.2 Ips. Mn Travel T i =  3.0 min 
! h i l y  = 0.9 Ips, Avo. Tiavel Time= 7.0 min 

Peak Depth= 2.94' 
C a p e  at bank full= 880.57 c k  
0.w I 6.w deepchannel. n= 0.070 Lenglh= 385.0 Slopem O.oob47 
side slope Z-vah= 6.0 5.0 'r 

Reach 2: runoff channel 

Hydrograph Plol 

Reach 3: runoff channel 

1651 Warning: lnlst elevation not specified 

l n b  = 155.41 CIS@ 12.30hrs. V d m =  10.009al 
0 ~ 1 R o w  = 153,39cfs@ 12.37 hrs. Volume= 18.973~1, Anen= 1Y.. Lag-. 4.6min 

~anlng by Stci-lndtTruu malhod. l ime Span- 0.00-24 W Ius. dl= 0.05 Irs 
Max, V e b c i i  2.7 Ips. Mn. Travel The= 2.5 mn 
Avg. Vebclty = 1.1 fps. Avg. Travd T h e =  5 9 min 

Pear Depth= 3.58' 
Capaciiy al bank fa= 681.67 CIS 
0.00' x 6.26' deep channel. n= 0.070 Lsngh= 405.U Slope- 0.0075 'f 
S i  Slape 2-values 3.0 8.0 'I 

Reach 3: runoff channel 

Hldrograph Plol 

. . . . .  . . . .  

I 

I 

. . . . . . . . .  

- 
Y 

B 
_a 

. 

L /El 1~ / I  244r Rainlall=f3.W- 
Prepared by GeoSyntec Consultants 

1azl: ItdnKADQ E M dh Mo929 Q 1986.2001 Awbad Mla~umwler Slslems 

Reach 3R. (new node) 

1401 ~ n l  NDI o e ~ ~ n b e d  (Oum-innm) 

lnmw = 180.08 CIS 0 12.58 hrs. volunn= 28.844 af 
Dum I 180.08 cfs @ 12.58 Ius. Volume= 28 844 al. men- 0%. Lag= O.Omln 

Rwting by Slor.lnd*Trahi m e w .  lime Spans 0.00.24.00 hrs. dl= 0.05 hr6 

Reach 3R: (new node) 
IYd,miieh Plol ..... ---_ ~- . . . . . . . . . . . . . . . .  . . .  

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

- . . . . . . . . . .  1 - 
. . . . . . . . . . . .  

I 
. . . . . . . . . . . .  . . . . . . . . . .  

7knlt-I 

2000Yf-I T y p  I /  2ehr Rshbfk13.00' 
Prepared by GeoSynlecCansulianls PaQe 28 
khdmCAD(D6.W a I n m Z 9  01986-2Wt ~ i . d U i u ~ o u l a S l s l e m s  1 2 / 1 0 ~  

Reach 4 runoff channel 

1651 Wamlng: lnlel devalim no1 smllied 

l n h  = 206.22 cfs @ 12.54 h0. Volume= 25.911 af 
OuMOw = 203.76 CIS @ 12.42 hrs. Voluma= 25.859 af. Aliens 1%. L a F  4.0 mln 

Roullw by Slor.lnd+Trans melhod. Time Span' 0.00-24.00 hI6. dl= 0.05 hrs 
Max. velocity= 2.4 Ips, Mm. Travel Time= 2.7 mln 
Avg. velodty = 1.0fps. AW Travd nms= 6.3 mtn 

Peak Depth. 4.12' 
Capacity at bank full= 590.56 CIS 
0.w x 6.14' deepchannel. n= 0470 Length- 395.0' Slope* 0.0050 9 
Side sbpe Z-value= 4.0 6.0 *r 

Reach 4 runoffchannef 

Hydrograph Pb( 

. . . . . .  ....................... 
. . . . . .  .......... - .......... 

0 I t 3 4 6 6 I 3 0 I O  I 1  (2 13 I 4  IS 18 I 1  18 !3 ZO 21 II 23 14 
r*r 1-1 
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Page 33 

ZUUU I c- I 

-oCM#, 6.W SA -29 0 l986-2Wl A m h d  MiaocomPula S*lms 1211012004 
prepared by GeoSyntec consullank 

Reach 8: oasl runon ditch 

(65) Waming: Inlet elevation no1 s&d 

innow = 4!.83ck@ 12.591ns. Vdums= 6.603al 
Ol- i 4121cb@ 12.74hrs. Volume= 6.667al. A(len-i 1%. b9=6.9& 

)by SlorhdtTrans m e w .  Tim Span= 0.00-24.00 IUS. dl= 0.05hrs 
ihrilyi 1.3 Ips. Min. Travel Tom= 5.0 mln 
k i l y  = 0.6 Ip. Avo. Travel 10.9 rnin 

Peak Deplh; 1.01' 
Capacily al bank I d =  76896 CIS 
0.00' x 3.01' deepchannel. n= 0.070 Length= 405.U Slopes 0.01007 
side SlDps Z.value= 58.0 3.0.f 

Reach 8: easl runon ditch 
Hydragmph P l a  

A .  . . .  . . . . . . . . .  . . . . . .  

Reach BR: (new nodo) 

189 Wamiw Inlet e levalh no1 specified 

45.952 al 
45.904 af. Atten- 0%. Lag= 2.5 mln 

Rouling by Slw.lndrTrano melhcd. The Span= 0.00.24.00 Ins. dh 0.05 hfs 
Max. Velocily= 2.8 Ips. Min Travel The= 1.5 rnin 
Aw. VeloCny = 1.3 Ips. Avg. Travel Time= 3.2 rnin 

Peak Oeplh= 5.16' 
capac,iy 01 bank Iuil- 433.14 CIS 
0.00' x 5.97 deepchannel. n= 0.070 Lcnglh= 241.0' Slope- 0.W50'f 
side Slope 2-value: 6.0 2.07 

Reach BR: (new node) 

. . . . . . . . . .  

. . . . .  

Reach 9: east runon ditch 

1651 Wardnp: l n ! 4  elevation MI spscified 

InAow = 110.42C(s@ 12.64h. Vdume- t7.353al 
OutOow = lM).?B cls @ 1266 hrr. Volume= 17.280 el. Allen- 1%. Lag= 8.4 pln 

Roulin~ bySlp.lndrTranr method. Tim Span' O.W-24bI hrs. dP 0.05 Ins 
Max. V w -  1.7 Ips. Mi .  Travel Tim= 4.7 min 
Avg. Vebcily- 0.8 Ips. Avg. Travel Time= 10.2 mln 

Peak Wh; 1.45 
s a l  b n h  MI= 5.717.07 dr 
0.00' x 6.31' deepchannel. n=0070 Lenglh=475.(r Slope= 001LW'f 
side abpe Z . ~ ~ I W  m.0 3.07 

Reach 9 ea81 runon dltch 
Hydvqfaph Plol 

. . . . . . . . . . . . . . . . . .  A .  
. . . . . . . . . . .  
. . . . . . .  

. . . . . . . . . . . . . .  - 
3 - . . . . .  
b 

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

Type N 24.hr Rainlal/=l3.00' 
Page 36 

1 2 1 1 0 1 ~  

ZOOOYE-1 
Prepared by GeoSynlec Consultanls 
w,droCAL?eB.W dn ooo929 01986-2001 AepLed Uiommwler Swlemt 

Reach 9R: (new node) 

1651 Warning: Intel eleva(ion MI specirmd 

1- = 2B4.37&@ l2.62hrs. Volume= 46.932aI 
oulflw = 283.60cls @ 12.84 hrs. Volumem 46.802 al, Aum= 0%. L a p  1.5 mln 

h u n g  by Slor-Indrlrans methad. nrno Span= 0.0&24.00 hrs. dl- 0.M hm 
Max. Velocitys 2.7 Ips. Mh. Travel'llme= 0.9 min 
Avg. Veloeily = 1.21ps. Avg. Trawl The= 2.0 rnin 

Peak Depth. 4.61' 
Qpacilyat bank lull= 1.284.57 CIS 
3.w x 8.24' deepchannel. n= 0.070 Lenglh- 144.0 slope= o.WH)'r 
Slde Slope 2-value= 6.0 3.0 7 

Reach 9R (new node) 
Hydrwraph Plat 

. . . . . . . . .  

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

. . . . . .  . . . . . .  ...... - 
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ATTACHMENT (2-2 

WEIGHTED CURVE NUMBER CALCULATIONS 

F0330031-Revl A 
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-\ SUBCATCHMENT AREA AND HYDROCAD LNPUT PARNMETERS FOR THE CALCULATION OF 
WEIGHTED CN 

2000 YEAR STORM DESIGN SCENARIOS 

1Wh wc ve.qetaled hnal cover 14 98 99 

1Wh WC vegetated final cover 74 98 99 
(1) 

m n  c a t  oiOSDF 69 13 86 
runon east of OSDF I 9  

60% B 
40./0 C 

15?4 B runoneast oiOSDF 69 12 85 
25% C runoncartofOSDF 79 

65% B rumn cast of OSDF 69 73 86 
35% C w n  east of OSDF 79 

50% B numn east of OSDF 69 14 87 
50% C m n  east of OSDF 79 

Note (I): The weighted curve number of the final cover system is assumed to be 98, BF consistent with LhOSDFFinalDcsign Parkwe, pqarrd by GeoSyntec Consultanls for 
the United States Department of Engera, Femald Environmcnlal Managemenl Project, in May 1997. 
Note (2): The Anlecedent Moisture Condition (Ul) was calculated using the equation cE((III) = 23CN(Il) / 10 + 0.13CN(U). 

N/A - Not Applicable 

1) 

2000 Year Storm ABachments/CZ 
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ATTACHMENT C-3 

TABULATED CHANNEL ANALYSIS RESULTS 

F0330031-Rev1 A 
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TITLE EVfSlON FEMP 

)NTM'WEO) 

NE), DRAWlNG NO. 

o 9 0 X - 6 0 0 0 - b W y U  OSOF WEST-EASI sccnm I 

O X - ~ ~ W - G - O O ~ ~ ~  osof WS-E*ST acncus in 
OX-6OOO-G-00420 OY)F Msr-iAsT sccncms IV 

I OOX-6ooO-000.384 OSDF WEST-EAST SECTIONS !J 

0X-:--5ooO-G-OOy16 C E U  PERIUETER DETAILS I 

G EOS YNTEC CONSULTANTS 
1255 ROBERTS BLVD, SUITE 200 

KENNESAW, GEORGIA 3'0144-3694 

OX-60-C-00307 CELL PERQKER DCTAILS I1 
iox-6oao-c-w388 CELL PERIU~TER DETAILS in 
IOX-6WC-G-00Y19 m L  PERIUEER DETAILS IV 

I O X - ~ ~ - G - O O ~ ~ I  LINER snxu WNLS I 
I O X - ~ ~ M - G - O O J ~ ~  UNER s s ' m  DETPJLS II 

IOX-6OW-G-OO39O C A L  PWMESER DETAILS V 

IOX-WC€-CrOO393 LINER SYSTCU OEVAILS Ill 
:OX-SCGU-G-OO394 UNER S S E U  OETAJLS IV 
10X-6030-C-00395 UNER S T S T M  D E W S  V 
?3X-6020-C-W4Zl LINER SYSTEU DZTPLS H 
30X-6oM)-C-00398 
JdX-6000-G-00397 

FINAL COVER Mm* OETAILS I 
FINAL €0- SYSTEU OETAILS I1 

WRFACf-W&m MANAGEUWT SySm D E T M S  II 

SURFACE-WATER MbNAGEUUEWT S S G U  DETAILS IV 

SURFACE-WATER M A N A C M N T  S m U  DETAILS V 
SURFACE-WATER UANAGEUWT S r S E U  DETAILS W 

SURFACE-WATER MANAGEUEYT S S E M  DETAILS WI 
NRFAE-WATER MhNAGiUENT S T S E U  DETAILS MI1 
SURFACE-WATUI MAN-NT S S E U  DfTALS IY 

HWZOUTAL UDNITONNG YlELL AN0 UlstEuwCWS DETAILS 
IMPACTED UA.TERIAL P L A Q U M T  DETAILS I 
IMPACTED MATERIAL PLACEMENT DETAILS 11 
CHAIN-UNU FENCE UND C A E  DETAILS 

~CX-~OOD-C-M)~PB 

g o x - w a a - t - w 4 ~  

SURFACE-WATER MANAGEMWT s m u  MTUU I 

SURfAcf-Whmt IJANAWT SSEU OETAILS in 
90&-BpO0-G-00399 

9OX-Wo5-G-M40l 
90X-WJW-G-M)lOZ 
SOX-60~-C-M40.3 
9 0 X - 6 0 0 0 - 6 0 0 1 0 4  
90X-EdMI-G-W405 
9OX-~O-C-M)422  

POX-6000-C-004006 
90X-60(10-G-00407 
SOX-80-G-00408 
POX-6000-C-00400 

g o x - ~ 0 ( 1 0 - ~ - - ~ 0 4 2 ~  SURFACE-WAER UANAGWENT sniw K T ~  x 

I 

Attachment to: 
ITED STATES DEPARTMENT OF ENERGY 

FERNAU) CLOSURE PROJECT 

- I FLUOR FERNALD, I-. 
- ON-SITE DISPOSAL FACILITY - PHASE V 
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NO. t ~(o. I DRAWING NO- \ 
REFERENCE 
ON-SITE 61SROS 
s-21 I - 0  

__.  ..- - - 
10. 1 NO. I DRAGNG NO. I 
ZEFERENEE 
I N A L  DESI& PACKAGE 
I I u I 9ox-6ooo-x-om1 I nmsim 

. FACILITY - PHASE IV (CONTINUED) 
OX-RNbG-00349 I HmZONTAL WNlTORlNC W U  OETWLS - CEU. 6 _ _ _ _  . .~ 
OX-6OW)-G-00353 
OX-6OW-GW354 
DX-6000-G-00355 
OX-60~-C-O(u58 

ox-55w-c-oD58o 
O X - 6 o o o - G ~ l s 8  

SUBGRUrc GRADING PLAN - E L L  2 CAP 
CONTOURiNG Urn GRADING PLAN - CELL 2 
COUPACTED C U I  W GRADING PLAN - CELL 2 
FINAL CQVER 515m GRADING PLAN - CELL 2 

BCRROW AREA - SUBAREA 3 MCAVATION AND (INTERIM) 
RESTORATION P U N  

FINAL c o r n  snw OETAILS 

t:: 1 ; 

I LEACHATE CON 

i-27 
t 2 8  
r J O  - 0 

INTERIM LEACHA 

_li- 
EXISTING UTILlTl 

LEGENDS AND Syu8(nS 
GEOTECUNICAL DATA POlNT LDCAllON PUW. 
CUEKT MlAUl A m  GROUNO-WATER CONTOUR MAP 
PERCHED ZONE POTENnOYEmtC SURFACE U A P  
aRom n u / m A r  n u  INICRFACE CONIOUR MAP 
GRAY nu  ISOPACH MAP 
SURFACE GEDLDGY MAP 
CEOLWC SECTION A-A 

tE(X0GIC YCl lON C-C AND 0-0 
~~ocoac sEcnm B-B 

-2 0 QDX-6M1D-X-oooO2 
-7 ' 0 9ox-swo-x-OoOa5 
-8 0 WX-6000-X-00007 

9ox-6wo-x-00008 -9 
40 0 9OX-6WO-X-OOM)9 

9ox-6wD-x-wo1o -11 
-12 0 90X-6wo-X-oM)II 
-13 0 9 o x - 6 ~ o - x - ~ o l 2  
-I4 D 90x-6000-x-~13 

0 

0 

0 9OX-6000-X-00014 -15 

I 
COLLECTION SYSTEM 

OX-5Mo-C-00536 INTERIU LCS COVER WEE1 
O X - 5 M o - G O O 5 3 7  
OX-5YXl-G-005a8 
OX-5500-000539 

INERIU LCS PLAN AND PROFILE. SHEET 1 OF 3 
INTERIU LCS PLAN AND P R O m L  MCfl 2 OF 3 
INTERlU LCS PLAN AND PROFILE. WELT 3 o f  3 

YANCE SYSTEM 
12X-5900-C-00251) PUN AND PR(KILE m m  1 OF 4 

I?x-59OO-C-00261 
12X-59O(tC-00266 
IU-590(tC-00262 

PUN AND PROFILE. SHEET 2 OF 4 

PLAN AN0 P R W L E  SHEET 3 OF 4 
R A N  AND PROFILE. SHEET 4 t?f 4 

I I I 
ON-SITE DISPOSAL FACILITY - PHASE I 
-IA 2 90X-6000-X-OM70 IITLE SHEET 
-28 0 9OX-6MM-X--wO?l LECENO AND SW8CX.S 
-2A 0 9OX-6ooO-C-00072 Y E  D E M L O P W T  PLAN 

- 5A 1 9OX-6000-C-ooO73 SUBGRADE GRADiNG PLAN I 
-50 2 WX-6ooO-0-00074 SUBCRAOE GRADING PUN II 
-x 0 90X-6000-G-DW75 SUBGRADE GRADING RhN Ill 

-41A 0 90X-SDW-G-OW89 SEOYENTATION BASIN DETAILS 

J 
0s-SI 

('ZC 7 
:- 50 

G - M 8  
S Z W  

- 
ENCH, - 

X - I  

K-2 ' 

"3 
G'4 
c-5 
c-6 
G-7 
6-8 
C-14 
c-20 
C-l 
M- 3 

- 
ON-I 

X-! 

- 
x-l 

G-l 
6-2 
c-3 
c-7 
G-I1 
G-24 
C-25 

- 
ON-! - 

x-l 
x-3 
a- I 
c-2 
G-3 
G- 4 

c- 7 
G - l l  

6-12 
G-17 
G I 8  
c-19 
6-20 

- 

I 4 
DISPOSAL FACILITY' - PHASE II 
0 ~ O X - ~ O O O - X - W ~ W  n u  SHEET 
D 9OX-600O-X-OO2Dl LEGENDS AND SIMBOLS 
0 9OX-6600-C-00202 9TE DEMLOPLIEkl P U N  I - BASE BID 

2 90X-6000-C--00212 CN PERlUETER O E T W  I 
2 9OX-6000-G-W120 . STORM-WATER MANAGEMENT SYSTDI OETAILS 

0 3 0 X - 6 0 0 0 - G - ~  SUBGRADE GRADING PLAN 

a U L  MASTtR P U N  

EXISTWG UlNTKS - RCFUIENtE DRAWGS - WEE1 1 OF 6 
EXlSnNC umnEs - REFERWE ORAWCS - OMRALL PUN 

ExisnNc ununEs - REFERENCE DRAWCS - MEET 2 OF 6 
E n s n N c  unL inEs  - REFERDICE QRAWNSS - MEET 3 OF 6 
EXISTING ununcs - REFERENCE ORAWNCS - MEET 4 w 6 
EXISTING UllUllES - REFERCNCE DRAIUNGS - SHEET 5 OF 6 
EUSllNG UrmnES - RETrRENtE D R A W  - MEET 6 OF 6 
U A ~ R  GRID OF UNOERGROUNO unuw PLANS 

GRID 3 - UNDERGROUND ununEs 
GRID 4 - UNOERGAOUND ununEs 
MID 5 - UNDERGRWNO ununEs 
GRID 6 - UNOERCROUND ununcs 

GRID a - UNDERGROUND ununcs 
GRID 32 - UNDERGROUND unum 

GRID 2 - UNDERGR(EdND UnUnES 

GRID 7 - UNOERUIOUNO UTILITIES 

ELECTRICAL POWER FOR OSOF 
N C T R l C  FOR OSDF AIR UONITORS 

avlL EXlSllNG SITE AN0 U D L l N  PLAN - GRID 21 
auL EmsnNc sm AND unum PLAN - GRID 1 3  

UUL ExisnNc YE rnn unuw PUN - GRID 29 
a u L  EmsnNc YE AND unum PLAN - GRID LU) 
awL E X I S ~ G  YTE AND unuw PLAN - GRIO 37 
a w L  LX IS~NG SITE *ND u m l n  PLAN - GRID JB 
UWL EXISTING SITE AND UnUW PLAN - GRID 45 
13 2 kV ELECTRICAL MASTER PLOT 

lIX-59W-GW232 
XG-04391 
3001592 
XG-04393 
5%-04394 
XC-04395 
MG-04396 
XG-04397 
22X-5Mo-P-00659 
22C-5500-P-W661 
22C-5500-P-00662 
22C-5500-P-006E-l 
22A-5500-P-OD664 
22F-5500-P-00665 
22H-55W-P-M666 
22n-5500-P-00667 
22A- 90X-5-E-00522 5500-P-00707 

9OX- -E- 00542 
93X-59W-G-OMe6 
oJx-59w-c-w234 
9SX-53DO-C-WMZ 
9JX-5900-6-00303 
93X-5900-G-W310 
93X-5900-G-WJ11 
9SX-5900-C-00318 
96X-5900-E-00556 

- 
- 
- 
- - 
I 4  

21 
26 
21 
22 
17 
m 
15 
I I  
3 
0 
3 
8 
9 
IO 
9 
7 
8 
5 

I 
ANENT LEACHATE TRANSMISSION SYSTEM 
ox-6wo-x-oozsg 1 nnc  SHEET 

I 
CED PEF 7 0 

0 
0 
0 
0 
0 

I DISPO! 
I 
1 
I 
I 
I 
I 
1 

1 
I 

E DISPO 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

0 

LEGEND AND STX@DLS 
LTS PlPE PLAN AND PROFXE STATIONS O+W TO 5+00 

LTS PIPE PLAN AND PROflLE STA-lloFlS 11+00 TO 17+W 
LTS PIPE PLAN AN0 PROfl lh  STATICUS 17+00 TO 23+00 
L I S  PIPE RAN AND PROFILE STATKlNS 2 h W  TO 29+W 
LTS PIPE PLAN AN0 P R O M  STAnONS 29+00 TO 34+2+ 34 
VALVE HOUSE AND CONTROL VALVE HOUY GENERAL LAYOUTS 
SURFACE-WATER MANAGEMENT SYSTEU DETAILS 
O M R H E M  POWER TRANSMISSWN SYSW PLAN 
VALVE HOUSE MECUANICAL OElAlLS U 

LTS PIPE PLAN AND PRDFILE siAnods 5+00 TO tt+w 

l o x - 6 ~ x - 0 0 2 4 D  
rox-6ow-c-wml 
IOX-6DW-C- 00282 
IOX-6 000-C-00283 
lox-6000-6-00284 
IOX-6ooO-6-00285 
10X-6OoO-G-OO2L15 
~0x-6000-c-00251 
IOX-6000-GOO292 
3OX-60W-E-W2Y) 
)OX-6ooO-U-00265 

. .  

- - 
GOO1 5 
COO21 
GO029 
CW30 
coo37 
CM138 
coo45 
cool8 

I 
L FACILITY - PHASE 111 

9OX-6DW-X-00295 LEGENO AND SWBOLS 
9OX-6ooO-X-W296 Y E  DEMLOPMENT PLAN 
9OX-6DW-X-00297 SUBGRADE GRADING PUN 1 
9OX-6WO-X-W298 SUBGRADE GRADING PUN II 
90X-60-C-W30Z FINAL C O W  CRAUING PUN 
9OX-6~C-oo3CS 
9OX-6ooO-G-co313 
90X-M)oI)-C-00320 

gox-snw-x--wzgJ n i u  SHEET I 

IMPACTED MAlERlAL NAUL ROAD GRADWG PLANS AND DETAILS 
SURFACE-WAm MANAGfUENT SlSTEM D E T A C  I1 
SURFACE-WATER MANAaMENT SYSTEM DETAILS 111 

I 
CONSTRUCTION 

1 MISCEUANEOU: 

6%WN AREA 
3ox-SOD-G-00543 

90X-55W-G-005U 

9OX-5500-Goo545 

9ox-55oo-c-w546 

90X-UaO-G-a)547 

7s-55-G-00441 
7%-5500-x-00450 
OOX-55~G01843 
90X-6WD-G-C€u59 

I (XI-SITE DISPOUL FAauTy  u)wsTRocnoN urnow AREA ACCESS ROAO 

PLAN AND PROFILE SHEET 2 OF 2 

moss YcnoNs s n m  1 o f  z 

PLAN AND PROFnE MEET 1 OF 2 

ON-SITE DISPOSAL FACILITY CQNSTRUCnDN L A W O W  AREA ACCESS ROAO 

ON-STE OISPOSM FACILITY Co1IsTRUCTION UmOW AREA ACCESS ROAD HASE IV 
nnE SHKT I 

,L FACILITY - 
90x-6ooo-x-00;128 ON-YTE moss xcnms OISPDSAL MEET F A a L I N  z OF CONSTRUCTION 2 LATUOWN AREA ACCESS ROAD 

ON-YTE DISWSAL FAClUTY CONSTRUCTIDN LAmOWN AREA R A N  AND 
P R m E  

AREA 1 PHASE 1 9E PLAN 3 OF J 
AREA I PHASE I (EAST) O E T M  SHEET 1 
FEUP (XI-SITE € W E N S  AN0 RIGHT-OF-WAYS 

1OPM;RAPHY B A Y 0  ON I2 JANUAKY 2oM n Y O M R  

ann/r.rno,r sou .S sum 

UNITED STAES DEPARTMENT o f  ENERGY 
FERNAU) WVlRONtdENTAL MANAGEMENT PROJECT 

am! - 

PLWR PIIERWh&D, W s  

LECENO AND SWEOLS 
SITE OEeLOPMENT PLAN I 
SITE OEMLOPMWT PLAN II 
SUBGRADE GRACING PUN - CEU 4 UNER 

SUBGRADE GRADING PUN - CfLL 5 UNER 
a~ wnu GRAMG PLANS II 
CELL PEIII~(ETER sccnms I 
c n ~  PERIMETER sccnws II 
SURFACE-WAm UANAGEk4D(T SYSTEU DETAILS I 
SJRFAQ-WATER MANACEHWT SYSTEM 0ETAU.S I1 
WRFAa-WA& UANACNMT MTDl 0ETM.S la 1 SURFACf-WATER MANAGEMENT S S T W  DETAILS Iv 

I El 
ON-SITE DISPOSAL FACILITY - PHASE V 

.TI'TLE SHEET II I I 

. .  
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DETAIL AND SECTION IDENTIFICATION LEGEND 

.I Y w r N n u .  ocrrit NUURER -. I 

0 :STEM ON CELL BASE 
OClUL 15 REFERENCED 

iwnr. ~ i l i i t  tmxeER 31. \MM 15 PIESLNIFD M M E 1  
~ - 1 %  WAS REFEiitNao ON Y K E I  C-22. E 

8 I I lmwfimm , 
-.=NE fimom4 ~ 

UNITED STATES DEPARTMENT OF ENERGY 
FERNAU) CLOSURE PROJECT 

1 Y C l U U  LETTER --. 
I 1  
1 J  . .  

ON-SIT€ DISPOSAL FACILITY - PHASE V 
mmLTcF 

nlu 

LEGcND AND SYMBOLS 
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NOTTS: 

I. 
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).9vrOYlr 

UNITED STATES DEPARTMENT Of ENERGY 
FERNAU) ENVIRONMENTAL MANAGEMENT PROJECT 

P _ _  

~ ~~ mc1. 
ON-SITE DISPOSAL FAClLlN - PHASE V 

w 

SITE DEVELOPMENT PLAN I - CELL 6 

I 

... 
- 9  

i 

i 

I 
! 
i 

i 
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I 

1 
! 
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LEGEND - - - wrm c c w w p m : t i w  COUNTY i m i  

------- fCPPRCUtRIYL!NE - . - - . - - B . T r n Y  LDl l l  
NOTES 

I. 11 OYX IRL %OW UPACED W MATERIAL O R A W C  G-IBr.  HAUL ROAD A M )  C i U  ICCiSF RAUP A 1  CELL 8 CRWUNC PLANS 

FLUOR FPRIYALD, INC. 
- I T .  ON-SITE DISPOSAL FACILITY - PHASE V 
"l'. 

SITE DEMLQPMENT PLAN 111 - CELL 8 I 

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

i 
. .  
! 
! 
I '  
I 
I 

, 
I 

i 
I 
I 
i 
I 
I i 
i 
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ON-SITE DISPOSAL FACILI-TY - PHASE V 

SITE DEVELOPMENT PLAN II - CELL 7 

PRD.CCI 

.-. 
"EL 

I s, . E. 

I 
1 

! 

i 
! 

! 

i 
I 
I 
I 

i 
i 
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i 
i 
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1 
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SUBGRADE 
CONTF 

INSTRUCTION 
POINTS 

NOTCY 

-_ -- Y*LC IN F i i r  _ _  
0l.n.Oum 

UNITED STATES DEPARTMENT OF ENERGY 
FERNALII aosuRE PROJECT 

PWOR PERNIUQ, IHC. 

aanI __- 

-c, 
ON-SITE DISPOSAL FACILITY - PHASE V 

D l l l i  

SUBGRADE GRADING PLAN I - CELLS 3, 4, AND 5 
LINER AND FINAL COVER SYSTEMS 

i 
! 

i 
: 
I 
1 
i 
i 
i 

1 

I 

I 
I 

! 
! 
I 
! 
I 
I 
! 
i I 
f 
I 
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ISTRUCTION 
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~- m66'--- 
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1 

RIPRAP UUll 

FERNALD ENVlRONMENTAL MANAGEMENT PROJECT 
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SUBGI 
C 

EMERGENCY ACCESS ROAD 
HORIZONTAL ALIGNMENT STATION AND 

C U R E  REPORT 
-I- ycru I1.111 .7. c m  a- 

onr I,.lb. s$,m/.&-4 D.lO mu* 1.d.. 
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i + . . .  

RIPRAP LIMITS CONlRlX WlNlS i 

UNITED STATES DEPARTMENT OF ENERGY 
FERNAW CLOSURE PROJECT 

._- 

FLUWR F€RNALlD, INC. 

ON-SITE DISPOSAL FACILITY - PHASE V 

SUBGRADE GRADING PLAN IV  - CELL 7 LINER SYSTEM 

:I . I  
:I 

.! 
I 
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I 
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RELOCATED ACCESS ROAD HORIZCNTAL WGNMO(1 
RFPCal 

rAnw AND CURE 
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. . .  

0 CLAY UNER - CELL 6 
m -.- 

, .  
..... , . _ .  

. .  
. .  

. . .  
. ,  

. .  

. . .  

9. 
-_I 

' WlNT 

. . .  

. .  . '. -. . . _ .  
_ .  

. .  

. .  

i .  
_ .  

. *  . . .  . . .  
. .  . .  . . . . . .  : . 

.: . . .  . . ~ _  . . .  
. .  

. .  . . . . . . . . . . .  "': . . . . . . . . . .  
. .  . .. .., . .  - . 7 -  . .  . 1. .+: . .  :... .i. 

. .  . .  i 
-N- 

i 

- - -_ - . - - . --. - - - . . 
480772.9J 1350719 .71  

48Q372.80 4 8 0 7 6 4 . 3 0  1350792.30 1 3 5 1 * 8 7 . 3 4  
580784.15 1 3 5 1 ~ 0 0 . 2 .  

- wvmm - 
5 9 9 . 1 0  
5 8 8 . 2 8  
59. . 5 8  

5 9 2 . h 2  
5 9 2 . 4 3  
5 8 0 . 4 3  
5 0 6 . 0 1  
5 5 3 . 7 1  
6 0 0 . 6 6  
5 9 3 . 7 0  
6 0 0 . 6 6  
5 8 7 . 1 2  
5 9 3 . 1 6  
5 8 6 . 3 3  
5 P 2 . 1 1  
5 8 3 . 1 6  
589.53 
5 9 6 ~ 8 0  
,590.4. 
591 . f l  
511 .17  
591 .15  

8 0 3 . 8 2  5 9 8 . 1 7  
5 0 8 . 2 9  
5 0 8 . 5 0  
5 0 6 . 8 5  
5 9 3 . 7 0  
6 0 0 . 6 6  
601.88 

nos. 12 

6 0 3 . 4 6  ' 

- 
SUBGRADE CONST%UCilON CONTROL POINTS 

-fiirm,n 

UNITED STATES DEPARTMENT OF ENERGY 
FERNALD CLOSURE PROJECT 

an", - _ _  - -- 

FLUUR FIRIYALB, WC. 
-Lr. 

ON-SITE DISPOSAL FACILITY - PHASE V 

COMPAGTED CLAY LINER GRADING PLAN I - 
IRL 

CELLS 6 AND 7 LINER SYSTEM 

. .  

. .  

1 

. .  
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L -  

i.*X",. -. 

u/ SUBUIMSE E L E V A T I O N S 2  j c IN THIS AREA SHOW 

I 
ON ORAWlNC C 6 A  

CtAY LINER - CELL 8 .  

. .  

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

. .  . .  
_ . .  . . . .  . .  . . .  . .  .i. . . .  . .  

. ~ .- 
. .  

j .  . .  . . , . :. - . .  . .  

I 

T 

COMPACTED CLAY LINER 
CONSTRUCVON CONTROL POINTS 

WEGRAM 
~ O N S T R U C T l O N  CONTROL POINTS I 

m Q P P , W A L D .  1)QC 
. . . .  9. . .  . .  . .  

U C L  ON-SITE MSROSAL FACILIV - PHASE v 
. ' CQMPACTED CLAY L I ~ R  GRADING PLAN II - .._ 

. ' CELL 8 LIP 

. .  . _ . .  
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tSSUBGRADE AT CELL OUTLET 

. .  

b u1: I" 

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

. .  .- - .  . 

. . . .  . . . .  
. .  , 

. . : .  
. I ,  

. . .  . . . . .  ' *  
. .-I , . 

. . .  . .  

. .  . .  

' . I K I V  
. .  . .  . .  . .  . .  . .  . .  . .  

OF $DS DRAINAGE LAMR AT CELL OUTLET - -- 

.' . 

VF- $OMPACED CLAY UNER AT CELL OUTLET 

. .  . . .  

I : _ _ '  . 

y ~ c s  DRAINAGE LAYER AT CELL o u n n  _. I o _  

LEGEND 

cwsmcnw c w m  p(wr: (yE NO= 5) w a +  

S C U  1 s  snow 

Gn.?""rrmr? 

UNITED STATES DEPARTMENT OF ENERGY 
FERNALD CLOSURE PROJECT 

-1; - - -  -~ 

FBRIYaJILB, IC. 
ONGITE DISPOSAL FACILITY - PHASE v w- 

GELL OUEET GRADING PLANS I - 
CELLS 6. 7. AND 8 LINER SYSTEM 

. .  - . . ,  

. .  
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UCTIQN CONTROL POINT LOCATIONS FOR CELL 0 LDS, La .  AND RtCS PIPES 
Y A L E  1- - 50 
D -8- 

SRUCTION CONTROL POINT LOCATIONS FOR CELL 7 LOS. LCS. AND RLCS PIPES 
YU. 1' - 5u 
M _Y- 

I E D  STATES DEPARTMENT OF ENERGY 
FERNALO CLOSURE PROJECT 

FWOR FPRIdALD, IMC. 
ON-SITE DISPOSAL FAClLlM - PHASE V 

CELL OUTLET GRADING PLANS I1 - 
CELLS 6. 7. AND 8 LINER SYSTEM 

R r n  

- -- _ _  
D N  

1 . .  . . .  
N C O N F " P o l N T - - U A n a S  F 9 .  CEft .E, WS.. LCS A h  RLCS RPES . .  . . .  
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. - .  

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

. .  . .  

. .  

. .  

9 
,_I 

-CELL 3 CONSTRUCTION OUAUlY ASSURANCE 
UYlT FOR C m P A m  C U T  CAP 

-LIMIT OF CELL J FINAL COVER SYSTEM 
CONTOURIRC TEMPORARY TERLllNAn?N UIETl AND 1' THICK 

. .  ~ ._ - .. . . . .  ._ .. _. __ 

9. 
i J  

-CELL 4 CONSTRUCTION OUALITY ASSURANCE 
UUlT FOR COUPACTED CLAY CAP 

-LIMIT OF CN 4 FINAL COVER SrjTEM 
TEMPORARY TERYINATIW AND 1' THlM 
CONTWRING LATER 

. .  - ... - - 

9 
-J 

. . . .  . - -  . .  - .... 

. .  

P 

... 
j , : ' .  .. c. .' ... 

- 
C0N.TOURlNG LAYER 

TRtJCTION CONTROL PO(NTS 
CQA LII 

CON - 
PUNT NO. 

1001 6 10017 

1 POI 8 l 0 O I S  
10010 
10011 
10012 
IO030 
1003- 
10032 

l W J I  
10015 10036 
100.. 
I0045 
10046 
10047 

1 0 0 4 9  
I0050 
10038 
10059 
I0060 
I0061 
10062 
io063  
,0084 

- 

i o o a a  

t o w 8  

'ACTED CLAY CAP 
WTROL POINTS 

EOR CO 
RUCTION 

NDIIMING' 
- 
482451 . 2 4  
4 8 1 4 4 8 . 6 9  
482147.98 
4 8 2 4 4 8 . 9 1  
4 8 2 4 4 6 . 8 3  
482445.13 
4 8 a 4 4 3 . 0 9  
482051:17 
'82048.12 
'820?8.0l 
4112048.9. 
4 8  045 06 
48fO.5: I8 

4111651 . 3 0  
481668.75 
481648.06 
. 8 1 6 4 6 . 9 1  
4 8 1 6 4 5 . R 9  
481645:Iq 
4816k3.15 
181'251 .33 
&81248.18 
*81148:01 
481247.00 
6 8 1 2 4 5 . 9 2  
.8124L.Z2 

m o 4 a : i  2 

481 z+a. ia  

co - 
PRNT NO 

5022 
5023 

L O 2 1  5026 
5 0 2 ?  
5028 
5 0 2 9  

5031 
5032 
3033 
5034 
5035 5036 
5031 
5038 
5039 
5040 
5041 
5042 
5043 5044 
5045 
LO18 
5047 
5048 
5049 

- 
50a, 

mao. 

- 
615.09 

655.12 
6 6 0 . 0 2  
655.62 
6 4 9 . 1 4  
8 2 2 . I I  
612.08 
6 4 8 . 8 4  

652.62 637.02 

652.82 6 4 6 . 8 4  

6 l D . I l  
609.08 
643 .84 
6 4 9 . 6 2  
654.02 
649.82 6 4 3 . 8 6  

6 1 6 . 1 1  
6 0 6 . 0 8  
6 4 0 . 8 4  
6 4 6 . 8 2  
63l.02 b 4 1 . 6 2  

6 4 0 . 8 4  1 I 3 . I I  

849 .a4 

- 

NOES 

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

SClLi I FCEI 
mnmiir 

DJDI 

UNITED STATES DEPARTMENT OF MERCY 
FERNALD ENWRONMENTAL MANAGEMENT PROJECT 

FLHQR Pm)CAkDp UQCm 
I M C I  

ON-SITE DISPOSAL FACILITY - PHASE V - 
FINAL COVER SYSTEM CONT6URING LAYER 

GRADING PLAN I - CELLS 3, 4, AND 5 

t- 
I 

. .  

I 
.! . . .  . .  . . .  . . .  . . .  . . .  .... . .  ... x:. ..._ - 

. . .  
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P 

TRUCTION CONTOURING CONTROL LAYER POINTS 
c o l r  - 

POWT NO. - 
5043  
5011  
5045  
5016 
5067  
5048  
50.9 
5050  
5051 
5052 
5051 
5054 
5p55  
3056 
5057 

5059 
5060 
SO61 
5 0 4 1  
5063  
5 0 6 1  
5 0 6 3  
5066 
5067 

5089 5070 
5071 
5 0 7 1  

50sn 

5068 

- 

- E 
6 0 6 . 0 6  
6 4 0 . 0 4  
6 4 6 . 6 2  
651 . 0 2  
6 4 6 . 6 2  
610.114 
613.11 
6 0 3 . 0 9  
637.14 
643 .12  648 .02  

643 .62  
637 .84  
610.11 
602.70 
637.bS 
643 .23  
6 4 ? . 6 3  
a r 3 . 2 3  
6 3 7 . 4 5  
609 .72  
600 .96  
615.71 
641 4 9  
645 .49  
6 4 5 . 9 0  
6.5.87 6 4 1  . 1 Q  

635 7 1  
6 0 7 . 9 8  - 

msn% 

1 ~ 5 1 0 2 0 . 7 9  
1 35081 1 .  26 

I351 076.61 
I351  166 .57  
1351 254 .54 
1351 31 2 .16 
I351 476 .73  
I350807 . I 0  

I351 073.72 
I351 I61 .69 
I331  2+9 .65  
t 351 307 .47  
t 331 473 .83 
t 350006 .75  
I35101 5 . 2 6  
I351 o m  .a9 
I351 161 .05 
1351249 .02  
1351 306.84. 
1351 473 .20  

,351 01 I .Ol 
1351 0 6 8 . 6 1  
1 3 5 1 1 ~ 8 . 6 0  
1351 1 5 6 . 0 2  
1351157 I0 
I351 2 1 4  16 
I 351 3 0 1 . 5 0  
lJSI.6LI.91 

3 351 01 5 .go 

I ~ 5 0 ~ 1 0 2 . 4 9  

I 

I 

.. . 

NOTES: 

L- 

. .  

50 25 0 50 loo v 
o.*(I1lTmll* 

-7 - 
P - 

UNITED STATES DEPARTMENT OF ENERGY 
FERNALD CLOSURE PROJECT 

FLUOR PERHILID, INC. 
2 
I \"HIT OF ELL 7 FINAL COMR ' 

S S l W  TEMPORARY TERMINATION 9 i LWI FOR COMPACTED 9 AND 1' lHlWCONTOURlNCUIER 

!\ELL 7 CONSTRUCTION 
* OUAUuT* ASSURANCE 

! a A l  CAP 
i;! 

! 
! 

:,i 
0. 

-_. 
ON-SITE DISPOSAL FAClLlM - PHASE V 

GRADING PLAN I1 - CELLS 6 AND 7 

.. 
4 

: .  _ .  
. .  

. .  . . .  
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WOsCI ON-SITE DISPOSAL FACILITY - PHASE V 
U U  

FINAL COVER SYSTEM CONTOURING LAYER 
GRADING PLAN 111 - CELL 8 

I 
' I  

I 
. . .  . .  . .  

. .  . -  
. .  . .  

r .  

:. . :. ' 

. . . .  . .  

. CONTOURING LAYER I 
CONSTRUCTION 

NORn-nNG 

.ONTROL F 
c.asnffi 

350.302. 63 
J51011.01 
1351068.83 
lJ5lI48.18 
1351 156 . 8 2  
,351I57.11 
IJ5lZI4.76 
I351 302.59 
,351 168 .9+  
I 151 0 0 1 .  57 
, 351  010.58 

,351 175.28 
I J5t106.29 
I351018.31 
1 3 5 0 8 3 9 . J l  
I351 1 7 5 . 4 5  
I35I103.81 
I 151 140 .55  
I351045.1S 
t35I 791.59 
I 350835. JA 
I J50917.41 
l15l385.00 
1351461.19 
2350786 10 
1150795.13 
I350811 21 
I3508ZJ.23 
I35081 9.47 
I J508U9.01 
1J51406.58 
1151477.91 

I a50801 . 56  

- 
5014 
5015 
5018 
5017 
5068 
5089 
5070 
5011 5071 
5073 
5014 5075 
5076 
5077 
5078 
5070 
5 0 8 0  
5088 
5082 

5004 
5085 
5011 
5081 
5018 
5089 
5090 
5091 
5092 
5093 
5091 
5093 
5091 

5oe3 

. 1 0 1 1 4 . 3 9  
48012 .1  .I1 
.00.21 .I3 
4 8 0 4 2 0 . 1 6  
* 8 0 + 2 2 . 2 9  
r1OllO.05 
.80*11.38 
,8041 8 .  21 
1 8 0 4 1 6 . 1 4  
480399.17 
180387.01 
d80317.58 
.80105.31 
a802b7.31 
480175 .I 6 
180135.71 
a8OI55.73 

4800?1.7$ 
480017.73 
180009.50 
47991 0 . 2 4  
179818.31 
479122 :65 

*80371.82 
a10316.25 
480260.86 
480192.70 
4 1 9 8 8 4 . 4 1  
47981 3. I 1  
479101.87 
479176.A3 

48oon). .S 

47~904.51 

800.98 

641 . * 9  
145.43 
645 90 
645.87 
6 4 1  . 4 9  
635.71 
607.90 
6.1. 38 
635.54 
100.57 
S . I . 3 3  
640.79 
8 3 . .  95 
599.99 
643.58 
639.78 
639.77 

633.67 
590.36 
598.99 
603.59 
605.42 
595.51 595.11 
594.92 
5 9 4 . 5 1  
593.04 
593.51 
598.61 
600.10 

~ 3 5 . 7 1  

633.71 

.__ .. . . .  -. .. 

I 
I 

i 
j 

i 
i 
i 

I 

I 

i C 

- 

D 

E 

NOTES: 

..... 

! 
I I I 

: l i  
- !  

DEPARTMENT OF ENERGY 
FERNALD CLOSURE PROJECT 

........ .:: . . .  
. . .  ... _.. . .  

. . .  . .  - . . .  . .  
. ,  
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. .  

COMPACTED CLAY CAP 
CONSTRUCTION CONTROL POINTS 

FERNALD ENMRONMENTAL MANAGEMENT PROJECT 

R F€RWALB, W- 

FINAL COVER SYSTEM COMPACtED CLAY CAP 
GRADING PLAF I - CELLS 3. 4, AMD 5 

. .  . _ .  

Document 6774 



. . . .  . . e  ..... I. . . . . . .  
. . . . . .  . . . . . . .  . .: 

. . _  .. , , ::. 
I . .  . , . .: .. . .  

_ .  
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. .  , .  
. . .  

. .  
. .  

. .  1 
. _ . ,  I .  . .  

. .  

LEGEND 

I 

' j  

I 

I 
! 

I 

.- _ _  _ _  ..I-..:!:.: ... 

I 

I 

I ... 

L-  
10052 
1 0 0 5 3  
I0054 
10055 

I0057 
10079 
I OOBO 

I0082 I0083 

10084 I0085 
1.0.086 
10087 
10088' 

L O D 9 0  
10091 
10092 . loo83 
I0094 IO095 
I0091 
I0097 
I0098 

.I. - . .......... 
.... 

5t- SCALE w mi 

0-nl l - r -  

UNITED STATES DEPARNWT OF ENERGY 
FERNALD CLOSURE PROJECT 

UlDlC 
L _ _  . -. 

FLUOR FEPNdLBp tNCs 

-<: ... 
:'I 

! 
-. 

! 

ON-SITE DISPOSAL FACILITY - PHASE V 

SYSTEM COMPACTED CLAY CAP 
GRADING PLAN It - CELLS 6 RND 7 

. .  
. . . . .  . . .  . .  ... . . . .  . . .  . :  _ .  . . .  : . . . . .  . .  . .  . ._ . . . . . .  . . . .  . . . . .  . . . .  . . . . .  .:: ....... . . . . . . . .  . '. . - .  . . .  .... .. , . . . . . . . . . . . .  > . . . . . . .  , 

i.: 
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. .  
. -  

. .  . .  
. .  

. .  

LEGEND 

. .I <+.:!a3 __ .. . . ._ - . . .. 

I,++ 

@ 

- 

E 
5 9 5 . 8 7  
8 J 7 . 8 9  
8 A J . 8 0  
6 . 8 . 0 0  
1 . 3 . 0 9  
6.57.19 
607.89 
8 4 ? . 9 0  

8 3 7 . 5 1  
5 9 5 . 5 1  

8 4 2 . 7 9  

6 r a . a ~  

8 4 0 . ~ 1  

6 ~ 6 . 9 a  
5 9 4 . 4 5  
1.5.38 
1 . 1  .?I 
643 . 7 7  
1 3 5 . 0 9  

5 0 2 . 7 4  
6 3 3 . 8 3  

5 9 a . 2 3  
m a .  ai 
5 0 0 . 8 0  
5 9 5 . 2 1  
5 9 4 . 1 7  
3 9 1 . 6 2  
5 9 4 . 2 1  - 

cot - 
1 0 0 9 3  
1 0 0 ~ 1  
1 O O O 5  
I0098 
I 0 0 8 7  
I0098 
I0099  
I01 00 
IOIOI 
10102 

l O 1 O I  
10105 
I0106 
I01 0 7  
10101 
(0109 
1 0 1 1 0  1 0 1 1 1  

T O 1 1 2  

1 0 1 1 4  
1 0 1 1 5  
l o l l 8  
1 0 1 1 7  
1 0 1 1 8  
l o l l 8  
8 01 10 

io!oa 

I O I I J  

- 

CLAY c 1  
CONTROL I 

EASXNG 
I350757 89 

__ . . . - 
_.._ 

ITED STATES DEPARTMENT OF ENERGY 
FERNALD CLOSURE PROJECT 

, 
1 

ON-SITE DISPOSAL FACILITY - PHASE V 
R K C C T  

5-k- 
R N A L  COVER SYSTEM COMPACTED CLAY CAP 

GRADING PLAN I l l  - CELL 8 
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. . . . . .  ............ ..:, 8,. 1- . . . . . . . . . . .  
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. * .. 1 .: . 

. . . .  ... . . . .  
. .  . . . .  . .  .:I. . 

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

, .! ' .. . .  
i 

. . . . . .  . .  . . . . .  . .  
. . .  : . . , . - .  . ~ . . . . . . . .  . .  

. .  LEGEND. 
. - dru 3- ,XI,, mlMo CRm l L Y i i i r m  (& . . .  

! 
I 

' j  

. .  . i  
! 

FINAL COVER SYSTEI I CONSTRUCTION CONTROL I INTS - 
6 0 0 . 4 3  
616.94 
659.01 
664 .85  

664 .85  
650 .01  
6 2 3 . 9 6  
610.30 
613 .51  
610.67 
6I4.16 
a 1 r . 2 2  
197 .  *3 
6 1 3 . 0 1  
6 3 6 . 0 8  
661 .E5 
668.28 

656.01 
020.96 
611 .22 
610.58 
607.01 
607 .31  
59. .43  
610.94 
653.01 
658.85 

658.85 
653.01 617.96 
6 0 8 . 2 2  

604.91 
604 . 3 4  
59: :43 
607 .91  
650.01 
655 .85  
660.26 
655 .85  
650.01 
6 1 4 . 9 6  
6 0 5 . 2 2  
GO4.56 
601 . 9 1  
6 0 1 . 3 4  

669'. ze 

6 6 1  . e 5  

6 6 ~ . 2 e  

607.511 

WlNl 
6235 
6236 
6237 
6236 
6239 
6240 
6741 

6242 62.J 
62.7 
62.6 
62+9 

6251 
6252 
6253 
6254 6255 
6256 
6257 
6258 
6259 
6260 
6261 

6263 
6264 
6265 

6267 

6269 
6270 

' 6271 
6272 6273 
.6274 
6275 . ' 6276 

. . 6277 
6278 
6279 
S280 

d28J 

'6110 

6282 

e266 

626e 

6281 62112 

628. 
6ze.5 
6266 

..... 
.% J? ....... 

. .>'>.' . . .  -. . .  .- .... 

UNITED STATES DEPARTMENT OF ENERGY 
FERNALO ENVlRONMWTAL MANAGEMENT PROJECT 

FCLlOR FERWALD, Ilrcc. 

RNAL COVER SYSTEM GRADING PLAN I - 
CELLS 3, 4. AND 5 

. .  . .  i' a .  

. . . . . . .  _ .  . ...... : .  ... . . . . .  
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L, 

i 
! 

i 
i 

1 

. I  

i 
j 

I 

I 
~~ 

FINAL COVER SYSTEb 
CONSTRUCTlON CONTROL F - 

W l l T  M). 

6275 
6276 
6277 
6278 
6279 
6280 
6281 
6 2 8 2  

6284 
6285 
6 2 8 6  6207 
6288  
6289 
6290 
6291 
6292 6293 
6 2 9 4  
6295 
6206 
6297 
6298 
6299 
6300 
6301 6302 
6303 
6304 6305  
6306 
6307 
6108 
6309 
631 0 
631 1 
631 2 
631 3 
631 * 
bJ1 3 
631 6 
831 7 
031 8 
6 1 1 9  
6310 
6321 
6322 

- 

6283  

- 

NTS 
EVATKn 
591 . A 3  
607.94 
650.01 
655.85 
660.211 
655.85 
650.01 
614.96 
605.22 
604.58 
601  . 9 1  
bo1 .J4 
5d8. *.I 
601.9. 
617.01 
652.85 

6 5 2 . 8 5  
647.0% 
61 I .96 

601 .sa 
590.91 
598.35 
587..P 
604.05 
646 32 651.86 
656.44 
651 . 9 1  
6A8.13 
61 1 .Ob 
601 . J 3  600.69 

598.03 597 .46  
586.14 
602.64 

__ 

657.2~1 

6 0 3 . 2 2  

x: - 
65*.90 
630.55 b44.72 
6 0 9 . 6 1  . 
599.92 
s u 9 . 2 0  
596.62 
596.05 

ON-SITE DISPOSAL FACILITY - PHASE V 
-cl 

- _. -___ 
nm 

RNAL COMR SYSTEM GRADING PLAN II - 
CELLS 6 AND 7 

. . -  

I 

i 

i 
I 
! 

I 
I 
! 
I 
I 
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! 
j 
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i 
i 
i 
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.. . . .  . 

A 

Ill - LIMITS OF f lNAL IMPACTED MATERIAL PLACEMENT 
SCALE 1. - rm (NOTE -1) 
a .- - 

AERIAL PLACEMENT/PARTIAL 

..w m.a- 

- 
'INAL ( 

COP 
'CmII(0. 
- 
6 5 0 0  
8501 
6 5 0 2  
6503 
6501 
6505 
6506 
6507 
8508 
8509 
6510 
6511 
651 7 
651 3 
851. 
851 5 
8518 
651 7 
6518 
651 9 
8520 
8521 
6522 
6523 
6 5 2 4  
6525 
6 5 2 8  
6527 
6 5 2 8  
6529 - 

vEff SYSTEM STAGED CLOSURE 
RUCTION CONTROL POINTS 
~wrwlG L*sR(C ELVATION W.~I .A, 1 1 3 0 7 5 7 . ~ 7  - 

,80420.98 II50705.30 
+80.16.s5 1 ~ 5 1 t 5 1 . 7 3  - 
.80,,5.73 0 5 1 ~ 7 1 . + 5  

- 
480305.38 1351175.28 

r80009.50 11312l7.59 
479816.59 1151295.23 
r79778.86 I J 5 1 W . 7 7  
,80362.72 1 J 3 0 8 0 1  .98 
480362.72 I J 5 1 0 8 0 . 8 6  
r 8 0 0 6 2 . 2 0  1351080.86 
r79826.36 115t080.86 
480313.51 11~08r2.83 
+80112.97 1151Ol3.55 
480205.98 1130999.68  
679991 .13 1350980.06 

480308.85 IJ50807:14 598.88 
~ ~ ~ 2 4 . 7 5  1J50914.01 5 9 8 . 6 1  
479927.15 IJ5092J.80 598.65 
479929.99 1 1 5 0 0 8 . 4 1  519.02 
a80235 29 lJLO850.98 586.81 
480200.62 1 J 5 0 0 0 1 . 1 9  586.48 
4 7 9 9 4 8 . 8 7  IJ50901.19 500.33 
r79948.87 1150833.26 589.67 
r80224.71 Il509I..O? 598.61 
1 m 1 6 3 . 3 4  1350316.52 598.42 
173938.18 1J50821.18 5 9 2 . 6 1  
680216.01 lJ50864.9I  5 8 6 . 5 8  
479948.87 1350861.98 589.97 

.. 
- 
- 
- - - - 

- 
- 

- - - 
, 7 3 8 9 0 . 5 1  1150920 .7~  - 

I. 

2. lYPlCTE0 MATERIAL ELNATIWS. EXCLUDIIC lUPlClEO RLWOTI C A l M U E N l  W E A .  R W R E p N l  

MI5 ORAIII IC SHOW5 STICED CLOSURE KPUEHCC Fm F W N C  OF E L L  8. 

100 OF IELECl Y IP ICED MATERIAL. 

4. REPRESENIS AREA WHERE A UlNlWY OT 2 UFlS M COYPACTEO CLAY CLP IS PUM AND 
RUNOTF IS OlvzRTm TO OSOF SJPSACL-WAIER UANACEYENT SISlE" 

5. RCPREYHIS *RE*. AREA OISWARClNG lUPICrE0 RUNWf 10 CELL 8 IUPAClEO RlnCSF CATCHYEN1 
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E 
IUPACEO Y A T I R I M  HAUL 
mou MD SmEI 

I- I I I I I 

6' O I L  OR 1 8  011 s1R 
%(PI @RAN (NOTE. 3) 7. rrm P R o i f c n s  LAKR. sa WOK 1 ON MET c-io 

1. HOPE 01105. SLOPE D R l i  M A L L  BF SOR-II AN0 IN ACCORDANCE MlH SPEO~KATIDN SECnON 

1. RIPRAP APRON SHALL BE u)NSlRUCTED AT M i l  O f  6 - I N M  HDPE Pop( O.%UN. 
LPRW YULL BE 6 XEl W C  AN0 CENlEERED ON 6-0404 HOPE SLOPF @RUN. .  

RIRI*P 
DF IMPACTED MATERIAL HAUL ROAD 

CMP CULVERT EMBEDMENT - r0-n. 

.LM$ACTED MATERIAL HAUL ROAD AND CELL ACCESS RAMP AT CELL 6 
OSDF IMPACTED MATERIAL HAW. 

ROAD riou ZNO smiri 
E 

Sk?P$ ,$)RAIN EMBEDMENT 
u, .. ....I 

N 4-13  
i IJy17B.S6 

. _.L .R. . ... \. 
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2 . .  
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. .  a .  
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.... .... .A,: 'i 

. . . .  . . . . . . . . .  . . . . .  . . . . . .  , .: . .  

. .  
' CONSTRUCWY: C6NiR L POINTS ' . . . . . . . . .  

. unm . m m  Lonu 
1351018.14 6 o i . r o  ?a33 
1351115.04 .593 .27  '283. 
13311'09.40 592.58 2835. 
1351017:71 601;40 -2836. 
1350712.28 603'.49 2857 
1350882.98 603.3.l 2838. 

;;;;;;;:;; g;:;; ' ;;:: 
1350511.19 586.00.  2841 
.1350519.96 585 .00  2 8 4 2  
~13505lOi50 385 .00  2843 
1350500.09 584 .95  281& 
1360880.43 602.96 2845 
1.750715.52 604.51 ,2816 
1350183.01 605.86 2847 
1350185.22 6 0 1 . 6 4  2848 
1360760.18' €01 . I 4  2849 
1350746.80 599 .25 -  2850 
1350711..II 603.17 _ _  2851 
1350710.44 597.68 2852 
1350714.44 595.69 2853 
r 3 ~ 0 7 4 6 . 4 4  5 9 6 . i ~  2851- 
1 3 ~ 0 7 5 0 . 4 4  1 9 8 ~ 3 4  2855 

I ~ 5 0 7 0 ~ . 0 0  596.69 2858 

I J ~ O ~ ~ > . D B  595.32 2860 
1 3 $ 0 7 r 7 . 9 8  5 0 7 . ~ 2  2861 

t 150153.63' 5 9 6 . 1 4 -  2856 
1350756.45 ' 5 9 6 . 1 3  2157 

I3IOlII .98 5 9 4 . 6 8  2859 

5350751 . I6 595 .73  2862 
1350753.73 595.61 2863 
13507r7.83 600.29 2864 
1350743.61 598.29 2865 

. .  . .  - 
nN.nm' 
597,65'. 
602.51 
604.51 
.604.51 
802.51 
603.',86 
603.86 
804.40 
603.86 
€0.5 .66 5P8.18. 
598.'81 
6 0 0 . 8 2  
600.38 

' 599.57 
599. 4 0  
6 0 2 . 3 8 .  
602.50 
600.38' 
599.40 
681 . 4 0  

5 8 2 . 1 4  590.67 
590.67.  
590.60 
I O €  .51 
606.51 
5 8 4 . 8 3  
581.8. 
585.34 
585.14 585.34 

- 

AR2-k 

' -' WLMRT SPRING UNE 

A. ALWIMZEO CUP 

CONTROL F A C I W M  RDAD 
iL-lb4- !I$. C W  CULVERT EMBEDMENT 
.u -- 

/ZEN%=;" 

@ EXlSllNC CSLL OE9CNAnW 

- .  

N O D  

- Sii."rmnr 

UNITED STATES DEPARTMENT OF ENERGY 
FERNALD CLOSURE PROJECT 

h"' _ _ _  - - 

nXCI 
ON-SITE DISPOSAL FACILITY - PHASE V 

u 
IMPACTED MATERtAL HAUL ROAD 
GRADING PLAV AND DETAILS II 

- .  . 

Document 6774 



C 
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UNITED STATES DEPARTMENT OF ENERGY 
FERNALD ENWRONMENTAL MANAGEMENT PROJECT 

FLUOR PERlYltLi), ~ C B  

ON-SITE - -  DISPOSAL FAClLlM - PHASE v 

. . . .  
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- I I I 6 7 0 

-4- 

I 

?$ RUNOFF CATCHMENT AREA ACCESS RAMP AT CLOSURE STAGE I PCRNr,tRBiRU 
B 

-!Mc,AClED MATERIAL HAUL ROAD AND CELL ACCESS RAMP AT CELL 8 
-PACTLO U I I E R l N  HAUL ROLO 

WRFACE-WATR UANAGiLIENI 
SKTEY (NOIE IO) 1 OSDF IMPACTED MATERIAL HAUL ROAD AND ACCESS RAMP 

CONSTRUCTION CONTROL POINTS __ 
ma, * - 
2900 
2901 
2901 
2903 
2904 
2905 
2906 
2907 
2908 
2909 
2910 
291 I 
2912 
291 3 
291 4 
2915 
2916 
2917 
2918 
2919 
2920 
2921 
2922 2 9 2 3  
2924 
2925 
2 9 2 6  
2927 
2 9 2 8  
2929 
2930 
2931 
29J2  
2 9 3 3  
2934 
2935 2936 
2937 
2938 
2939 
2 9 4 0  
2941 
2942 
2 9 u  
2944 
2945 
2 9 4 6  2 9 4 7  
2 9 4 8  
2949 
2DIS 
2951 
2952 
2953 - 

- 
a Z Y l M  

591 .17 
5 9 9 . 7 0  
5 9 0 . 5 8  
600.38 

6 0 3 . 8 6  
599.11 
601.11 
601.51 
602.51 
100.00 
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GEOSYNTEC CONSULTANTS Page I of 27 

Date: 05 02 I5 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W MM DD 

--- Written by: Tamara E. Zettler 
W M M  DD 

Client: Fluor F m a l d ,  Jnc. Project: OSDF- Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

ADDENDUM TO OSDF - REVISED PHASE V QUANTITY ESTIMATE 

This addendum to the OSDF - Revised Phase V Quantity Estimate was prepared to 
estimate the quantities of soils, materials, and geosynthetics necessary to construct the 
Cell 8 Final Cover System for the revised Phase V of the On-Site Disposal Facility 
(OSDF) as presented in the Certified-For-Construction Phase V drawings (construction 
drawings) developed in February 2005. The quantities estimated herein were calculated 
to reflect the 1 00-foot expansion of Cell 8 in the NortWSouth direction. 
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GEOSYNTEC CONSULTANTS Page 2 of 27 

Date: 05 02 15 Date: 05 02 I5 Reviewed by: Kenneth R: Daly --- Written by: Tamara E. Zetller 
W MM DD W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this calculation package is to estimate material quantities for 
construction of Cell 8 Final Cover System for the revised Phase V o f  the On-Site 
Disposal Facility (OSDF) as presented in the Certified-For-Construction Phase V 
drawings (construction drawings) developed in February 2005. 

METHODS OF ANALYSIS 

For each material, the applicable Construction Drawing details, cross-sections, and 
p1,ans were used for calculating quantities. Quantities were calculated using 
measurements and dimensions from the construction drawings and using the 
grid/prismojdal volume method within the computer program SOFTDESK for 
AutoCAD. Quantities are generally presented herein for the Cell 8 final cover system. 

CONCLUSIONS 

A summary of calculated quantities is provided on the following pages. 
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GEOSYNTEC CONSULTANTS Page 3 o f  27 

Date: 05 02 15 Rcviewed by: Kenneth R. Daly Dare: 05 02 15 
W MM DD 

--- Written by: Tamara E. Zettler 
$Y MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjectProposal No.: GQ3309 Task No: 02.02 

OSDF REVISED-PHASE V QUANTITY ESTIMATE 
SUMMARY TABLE 

ITEM DESCRIPTION 1 UNITS I ESTIMATED QUANTITY I 
I CELL 8 COVER 1 

EROSION AND SEDIMENT CONTROL 
Erosion Mat - Standard (Includine 8% Seaming and Waste) (Amroximate) I SF I 660.8841 
Erosion Mat - Coir (Including 8% Overlap and Waste) (Approximate) I SF I 41,7131 

GEOSY NTHETICS 
Geotextile Separator (Includes 8% Overlap & Waste) I SF I 25,3821 
Geotextile Cushion - Cover (Includes 8% Overlap & Waste) I SF I 528,269 
Geomembrane LinedCau (Includes 8% OverlaD & Waste) I SF I 528.269 
GCL Liner/Cap (Includes 8% Overlap & Waste) I SF 1 528,269 

VEGETATION I 
Permanent Vegetation (Approximate) I SF I 795,305 

ICY = In-Place Cubic Yards, LF = Linear Feet, SF = Square Feet, 

GQ3309-02.02/F043001 .Final .Quanti,@-Addendum 
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GEOSYNTEC CONSULTANTS Page 4 of 27 

Date: 05 02 I S  Written by: Tamara E. Zettler Date: --- 05 02 15 Reviewed by: Kenneth R. Daly - W MM DU 
YY MM DV 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 A s k  No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

TABLE OF CONTENTS 

Page 

Executive Summary .................................................................................................... : ........... 2 

Calculation Procedures .......................................................................................................... .6 

Data Verification ..................................................................................................................... 7 

Calculation and Results ........................................................................................................... 8 

Appendix A - Construction Drawings with Measurements and Calculations Added 
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~EOSYNTEC CONSULTANTS Page 5 of 27 

Date: 05 02 1 5  Reviewed by: Kenneth R . Daly Date: . 05 02 IS ... 
W MM DV 

Written by: Tamara E . Zettler 
W MM DD 

Client: Fluor Fernald, Inc . Project: OSDF . Rev . Phase V Projecflroposal No . . GQ3309 Task No: 02.02 

LIST OF TABLES* 

Page 

Table 4 . Removal . Protective Layer .............................................................................. 9 

Table 5 - Base Aggregate ............................................................................................... 10 

Table 1 I - Granular Drainage Material 1 ....................................................................... 12 

Table 13 - Contouring Layer .......................................................................................... 13 

Table 14 - Biointrusion Bamer ...................................................................................... 14 

Table 15 - Choke Stone .................................................................................................. 15 

Table 16 - Granular Filter ............................................................................................... 16 

Table 17 - Topsoil .......................................................................................................... 17 

Table 18 - Vegetative Soil Layer ................................................................................... 18 

Table 19 - Riprap (Type C) ............................................................................................ 1.9 

Table 20 - Riprap (Type 0) ............................................................................................ 20 

Table 25 - Geotextile Separator ...................................................................................... 22 

Table 26 - Geotextile Cushion - Cover .......................................................................... 23 

Table 30 - Geomembrane ............................................................................................... 24 

Table 37 - Miscellaneous Removal ......... : ...................................................................... 26 

Table 38 - Vegetation ..................................................................................................... 27 

Table 6 - Compacted Clay Liner/Cap ............................................................................. 1 1  

Table 23 - Erosion Mat ................................................................................................... 21 

Table 3 1 - Geosynthetic Clay Liner (GCL) .................................................................... 25 

*Table numbers were kept consistent with previous Quantity Estimate submittal . Tables omitted from 
this list did not include materials used to construct the final cover system . 
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 EO SY NTEC CONSULTANTS Page 6 of 27 

Date: - 05 02 15 'Date: 05 02 15 Reviewed by: Kenneth R.  Daly 
W MM DU 

--- Written by: Tamara E. Zetller 
W MM DD 

Client: Fluor Femald, Inc. Project: OSDF- Rev. Phase V ProjectProposaI No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

CALCULATION PROCEDURES 

The purpose of this calculation package is to estimate material quantities for construction 
of the Cell 8 Final Cover System for the revised Phase V of the On-Site Disposal Facility 
(OSDF) as presented in the Certified-For-Construction Phase V drawings (construction 
drawings) developed in February 2005. These quantities are being updated to reflect the 
expansion of Cell 8, 1 00-feet in the NortNSouth direction. 

For each material, the applicable construction drawing details, cross-sections, and plans 
were used for calculating quantities. Quantities were calculated using measurements 
from the construction drawings as described below: 

lengths and areas were determined within the construction drawings using 
AutoCAD; and 

0 volumes were calculated using cross-sectional areas and lengths and plan areas 
and thicknesses. 

For each calculation performed, methods, assumptions, and schematic sketches and 
figures are presented on construction drawings presented in Appendix A. 

This calculation package is intended to be an addendum to the Revision 1 , Final Revised 
Phase V Quantity Estimate issued in January 2004. Only quantities related to 
construction of the Cell 8 Final Cover System are estimated herein. These quantities are 
reflected on plan drawings G-1 lA, G-13A7 and G-15A. As necessary, plan sheets (j.e., 
G-15) and detail sheets (ie., G-26, G-27, G-28, and G-34) have been included to provide 
the necessary input parameters to estimate quantities. The quantities shown on G-15 and 
the detail sheets have not been revised from the previous submittal as they have not 
modified by the expansion of Cell 8. 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 I5 --- Written by: Tamara E. Zettler 
W MM DD W MLI DD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

DATA VERIFICATION 

The data used to estimate quantities for the OSDF - Revised Phase V construction were 
obtained directly from the construction drawings. These construction drawings are 
presented in Appendix A. 
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Date: --- OS 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 Written by: Tamara E. Zettler 
W MM DD W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

OSDF - REVISED PHASE V QUANTITY ESTIMATE 

CALCULATION AND RESULTS 

Calculations are presented on construction drawings included in Appendix A. Results are 
summarized in the tables presented subsequently. For consistency, table numbers were 
maintained from the previous submittal. All tables are not presented herein as there are 
not relevant Cell 8 Final Cover System quantities for each table. For each calculation 
result, the Construction Drawing Sheet number where the calculation is presented is 
noted. 
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Date: OS 02 I S  Reviewed by: Kenneth R. Daly Date: 05 02 15 
YY M M  DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Femald, h c .  Project: OSDF - Rev. Phase V ProjecUProposal No.: GQ3309 Task No: 02.02 

TABLE 4 - REMOVAL - PROTECTIVE LAYER") 

E L 8  FINAL COVER SYSTEM 

1. Includes protective layer for temporary liner and cover system terminations and protective clay layer at perimeter 

2. Calculations are presented on Drawings presented in Appendix A. 
berm. 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 1s 
W MM DU 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

TABLE 5 - BASE AGGREGATE 

CELL 8 FINAL COVER SYSTEM 

~ 

1.  Calculations are presented on Drawings presented in Appendix A. 
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ZEOSYNTEC CONSULTANTS Page 1 1  of 27 

Date: 05 02 15 Reviewed by: Kcnneth R. Daly Date: - 05' 02 15 
W MM .DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProJecc/Proposal No.: GQ3309 Task No: 02.02 

TABLE 6 - COMPACTED CLAY LINEFUCAP 

I CELLS 8 FINAL COVER SYSTEM 

1. Calculations are presented on Drawings presented in Appendix A. 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
YY h4M DD 

--- Written by: Tamara E. Zettler 
W hlM OD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 

TABLE 11 - GRANULAR DRAINAGE MATERIAL 1(2) 

E 8 FINAL COVER SYSTEM 

Task No: 02.02 

1. Calculations are presented on Drawings presented in Appendix A. 
2. Granular Drainage Material 1 includes drainage layer and non-impacted, granular materials. See Specification 

Section 0271 0. 
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Date: 05 02 15 Date: 05 02 , 15 Reviewed by: Kenneth R. Daly --- Wrilren by: Tamara E. Zetller 
W MM DD W MM DD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 

TABLE 13 - CONTOURING LAYER 

I CELL 8 FINAL COVER SYSTEM 

Description Quantity Unit Reference"' ~ _ _ _ _ _ _  
Contouring Layer 15,207 ICY G-l1A 

Subtotal: 15.207 ICY 
I 15,207 1 ICY 1 

I 8 I 

1. Calculations are presented on Drawings presented in Appendix A. 

Task No: 02.02 
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GEOSYNTEC CONSULTANTS 

Description Quantity Unit 
Biointrusion Barrier 61,525 ICY 

Si1 h t n tal: 6 1.525 ICY 

b - 

Page 14 of 27 

Reference"' 
G-15A 

Date: OS 02 15 - Date: 05 02 15 Reviewed by: Kenneth R. Daly 
W MM DU 

--- Written by: Tamara E. Zettler 
W U M  UU 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V ProjecUProposal No.: GQ3309 

TABLE 14 - BIOINTRUSION BARRIER 

Task No: 02.02 

1 CELL 8 FINAL COVER SYSTEM I 

I I 

TOTAL: I 61,525 1 ICY I 1 - - 
I I 

I. Calculations are presented on Drawings presented in Appendix A. 
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Subtotal: 
TOTAL: 

Date: - 05 02 15 Date: 05 02 15 Reviewed by: Kenneth R. Daly --- Written by: Tamara E. Zettler 
Y)' MM DD YY MM DD 

10,532 ICY 
10,532 ICY 

_ _ _ _ _ _ ~ ~  

Client: Fluor Fernald, Inc. Project: OSDF- Rev. Phase V Project/Proposal No.: CQ3309 Task NO: 02.02 

TABLE 15 - CHOKE STONE 

1 CELL 8 FINAL COVER SYSTEM 

Description Quantity Unit Reference") 
Choke Stone (Biointrusion Barrier) 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projecflroposal NO.: GQ3309 Task No: 02.02 

TABLE 16 - GRANULAR FILTER 

I CELL 8 FINAL COVER SYSTEM 
Description Quantity Unit Reference"' 

Granular Filter 11,894 ICY G-15A 
~ 

Subtotal: 11,894 ICY 
TOTAL: 1 1,894 ICY 
1 .  Calculations are presented on Drawings presented in Appendix A. 

-- 
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Date: 05 02 I5 Reviewed by: Kenneth R. Daly Date: OS 02 15 
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjectProposal No.: GQ3309 Task No: 02.02 

TABLE 17 - TOPSOIL 

CELL 8 FINAL COVER SYSTEM 

1.  Calculations are presented on Drawings presented in Appendix A. 
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Date: 05 02 15 - Date: 05 02 15 Reviewed by: Kenneih R. Daly 
W MM DD 

.--- Wrirleri hy: Tamara E. Zettler 
W M M  DD 

Client: Fluor Femald, Inc. Project: OSDF - Rev. Phase V Projccflroposal No.: CQ3309 

TABLE 18 - VEGETATIVE SOIL LAYER 

I CELL 8 FINAL COVER SYSTEM 

1 .  Calculations are presented on Drawings presented in Appendix A. 

Task No: 02.02 
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GEOSYNTEC CONSULTANTS Page 19 of 27 

Date: 05 02 15 - Date: 05 02 1 5  Reviewed by: Kenneth R. Daly 
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 Client: Fluor Fernald, Inc. 

TABLE 19 -RIPRAP - (TYPE C) 

1. Calculations are presented on Drawings presented in Appendix A. 
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Date: OS 02 1 5  - Date: 05 02 15 Reviewed by: Kenneth R. Daly --- W Mhl DD W MM DD 

Written by: Tamara E. Zettler 

Client: Fluor Femald, lnc. Project: OSDF - Rev. Phase V Projecl/Proposal No.: GQ3309 Task No: 02.02 

TABLE 20 - RIPRAP - (TYPE D) 

1 CELL 8 FINAL COVER SYSTEM I 

1.  Calculations are presented on Drawings presented in Appendix A. 
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Date: 05 02 I5 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W M M  . DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase-V ProjectDroposal No.: GQ3309 Task No: 02.02 

TABLE 23 - EROSION MAT 

CELL 8 FINAL COVER SYSTEM 

1. Calculations are presented on Drawings presented in Appendix A. 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: - 05 02 I5 
W hIM DD 

--- Written by: Tamara E. Zettler 
17 MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjectlProposal No.: GQ3309 Task No: 02.02 

TABLE 25 - GEOTEXTILE  SEPARATOR'^) 

1. Calculations are presented on Drawings presented in Appendix A. 
2. Geotextile Separator material properties are provided in Technical Specification Section 027 14. 
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GEOSYNTEC CONSULTANTS 

Description Quantity 
Geotextile Cushon 489,138 

Page 23 of 27 

Unit Reference") 
SF G-13A 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjecVProposal No.: GQ3309 Task No: 02.02 

TABLE 26 - GEOTEXTILE CUSHION -  COVER'^) 

I 1 I CELL 8 FINAL COVER SYSTEM I 

I Subtotal: I 489,138 I SF 1 I 

I .  Calculations are presented on Drawings presented in Appendix A. 
2. Geotextile Cushion - Cover includes geotextile cushion and sacrificial geotextile cushion materials. See 

Specification Section 027 14. 
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Date: 05 02 1s Reviewed by: Kenneth R. Daly Date: OS 02 is 
W MM DD 

--- Written by: Tamara E. Zenler 
W MM DD 

Client: Fluor Fernald, Inc. Project: .OSDF- Rev. Phase V Project/Proposal No.: GQ3309 Task No: 02.02 

TABLE 30 - GEOMEMBRANE 

CELL 8 FINAL COVER SYSTEM 

1 .  Calculations are presented on Drawings presented in Appendix A. 
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Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 IS 
YY MM DD 

--- Written by: Tamara E. Zettler 
YY MM DD 

Client: Fluor Fernald, lnc. Project: OSDF - Rev. Phase V Projecflroposal No.: GQ3309 Task No: 02.02 

TABLE 31 - GEOSYNTHETIC CLAY LINER (GCL) 

1 CELL 8 FINAL COVER SYSTEM 

I Subtotal: I 489,138 I SF I I 

I .  Calculations are presented on Drawings presented in Appendix A. 
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GEOSYNTEC CONSULTANTS Page 26 of 27 

Date:  05 02 15 Date: 05 02 15 Reviewed by: Kenneth R. Daly 
W MM DD 

--- Written by: Tamara E. Zettler 
W MM DD 

Client: Fluor Fernald, Inc. Project: O S D F  - Rev. Phase V ProjectProposal No.: GQ3309 Task No: 02.02 

TABLE 37 - MISCELLANEOUS REMOVAL 

CELL 8 FINAL COVER SYSTEM 

I. Calculations are presented on Drawings presented in Appendix A. 

(343309-02.02WO43001 .Final.Quantiv-Addendum 

Document 6774 



, 
GEOSYNTEC CONSULTANTS Page 27 of 27 

Date: 05 02 15 Reviewed by: Kenneth R. Daly Date: 05 02 15 
W MM UD 

--- Written by: Tamara E. Zettler 
W UM DD 

Client: Fluor Fernald, Inc. Project: OSDF - Rev. Phase V ProjecUProposal No.: GQ3309 Task No: 02.02 

. TABLE 38 - VEGETATION 

1 CELL 8 FINAL COVER SYSTEM 

1 .  Calculations are presented on Drawings presented in Appendix A. 
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APPENDIX A 

CONSTRUCTION DRAWINGS WITH 
MEASUREMENTS AND CALCULATIONS ADDED 

DRAWINGS INCLUDED IN SUBMITTAL: 

G-l1A G-26* 
G-13A G-27* 
G-15* G-28' 
G- 15A G-34* 

'Drawing included for reference purposes only. Quantity estimates have not been modified 
from previous submittal. 
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