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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.

OSDF CAPACITY
(CY)
CELL 8 397,219
AN,
. y 4
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OSDF CAPACITY CALCULATION
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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. '
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OSDF CAPACITY CALCULATION
CELL 8
(Autodesk’ PROCEDURES AND VOLUME RESULTS)

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, 2001]. 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,
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. Figurel 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.

OSDF CAPACITY
(CY)
m{
CELL 8 397,219

‘REFERENCES

Autodesk’ , Inc., Autodesk” Civil Design Reference Manual, Henniker, NH, 2001.
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‘ CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS

(ADDENDUM TO SECTION 7.2)

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 (i.e., 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 is an end cell; and therefore, the maximum
containment volume of the IRCA is limited by the minimum elevation of a rain flap installed
along the Cell 8 perimeter; and (ii) Cell 8 has been expanded to the South to provide additional
cell capacity.

This addendum to Section 7.2 was, therefore, prepared to verify the adequacy of the Cell
8 IRCA to contain impacted runoff from two cells (i.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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CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS
EXECUTIVE SUMMARY

PURPOSE OF ANALYSES

The purpose of this calculation package is to demonstrate the adequacy of the Cell 8
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff
storage capacity from two cells (i.e., Cells 7 and 8) during the 25-year, 24-hour storm event with
the required 0.5 ft of freeboard. The expected time for drawdown of impacted runoff within the
IRCA is calculated to demonstrate that the design meets the required design criteria.

METHODS OF ANALYSES

The case modeled in this package represents conditions that exist when both Cells 7 and 8
are contributing impacted runoff to the Cell 8 IRCA. Analyses are separated into two groups:

1.) evaluation of IRCA storage capacity; and
ii.) evaluation of impacted runoff drawdown time.
IRCA Storage Capacity

The Cell 8 IRCA is designed to contain the runoff from two cells (i.e., Cells 7 and 8). As
established in the calculation package presented in Section 7.2, the IRCA for Cells 1 through 7
was designed to have a North/South dimension of 250 ft measured from the centerline of the
intercell berm and an East/West dimension of 185 ft measured from shoulder of the perimeter
berm. This geometry provides a plan area of 46,250 ft’.

Because Cell 8 is an end cell and has been expanded to a width greater than Cells 1 through
7, the IRCA dimensions have been modified to provide a more efficient design. Modifications
include:

e The North/South dimension of the Cell 8 IRCA has been increased to approximately 415
ft. This will allow the IRCA to be located in the southwest corner of cell while still
extending over the leachate collection corridor.

e The East/West dimension of the Cell 8 IRCA has been decreased to approximately 150 ft
as measured from the crest of the protected clay layer.

As shown in Figure 1, the revised Cell 8 IRCA geometry provides a plan area of 60,948 ft?,
which is a larger IRCA plan area than that of Cells 1 through 7. This revised geometry is
evaluated herein to verify the storage capacity of the IRCA based on the expanded size of Cell 8.
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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 freeboard.

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 revised Cell 8 IRCA geometry
described earlier in this calculation package. The estimated drawdown time is controlled by the
fact that the flowrate 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 flowrate of the EPLTS
permanent lift station pumps (i.e., 200 gpm).

RESULTS
IRCA Storage Capacity

The results show that the required IRCA storage capacity is 212,215 ft>, which is less than
the provided IRCA storage capacity of 563,706 ft>. Therefore, the revised Cell 8 IRCA
geometry provides containment for runoff from two cells (i.e., Cells 7 and 8) during the 25-year,
24 hour storm event with the required 0.5 ft of freeboard.

Drawdown Time

The estimated drawdown time is limited by the capacity of the EPLTS. The EPLTS
permanent lift station pumps provide a maximum allowable flowrate of 200 gpm, which results
in an approximate drawdown time of 5.5 days.

CONCLUSIONS

The purpose of this calculation package was to demonstrate the adequacy of the revised Cell
8 IRCA geometry in providing the necessary impacted runoff storage capacity. The following
conclusions are made based on the calculations performed in this package:

e The Cell 8 IRCA design 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)
with the required 0.5 ft of freeboard.

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

INTRODUCTION AND PURPOSE

The purpose of this calculation package is to demonstrate the adequacy of the Cell 8
impacted runoff catchment area (IRCA) design in providing the necessary impacted runoff
storage capacity from two cells (i.e., Cells 7 and 8) during the 25-year, 24-hour storm event with
the required 0.5 ft of freeboard. The expected time for drawdown of impacted runoff within the
IRCA is calculated to demonstrate that the design meets the required design criteria.

DESIGN SCENARIOS

The case modeled in this package represents conditions that exist when both Cells 7 and 8
are contributing impacted runoff to the Cell 8 IRCA. Analyses are separated into two groups:

1.) evaluation of IRCA storage capacity; and
il.) evaluation of impacted runoff drawdown time.

The Cell 8 IRCA is designed to contain the runoff from two cells (i.e., Cells 7 and 8). As
established in the calculation package presented in Section 7.2, the IRCA for Cells 1 through 7
was designed to have a North/South dimension of 250 ft measured from the centerline of the
intercell berm and an East/West dimension of 185 ft measured from the crest of the protective
clay layer. This geometry provides a plan area of 46,250 ft’.

Because Cell 8 is an end cell and has been expanded to a width greater than Cells 1 through
7, the IRCA dimensions have been modified to provide a more efficient design. Modifications
include:

¢ The North/South dimension of the Cell 8 IRCA has been increased to approximately 415
ft. This will allow the IRCA to be located in the southwest corner of cell while still
extending over the leachate collection corridor.

o The East/West dimension of the Cell 8 IRCA has been decreased to approximately 150 ft
as measured from the crest of the protective clay layer.

As shown in Figure 1, the revised Cell 8 IRCA geometry provides a plan area of
approximately 60,948 ft*>, which is a larger IRCA plan area than that of the IRCA for Cells 1
through 7. This revised geometry will be evaluated herein to verify the storage capacity of the
IRCA based on the expanded Cell 8 footprint.
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IRCA Storage Capacity

The required IRCA storage capacity (estimated volume of impacted runoff) will be shown to
be adequate for containing the volume of impacted runoff from two cells by comparing the
required capacity of the IRCA (Viequirea) to the actual provided capacity of the IRCA (Vovided)-
The revised Cell 8 IRCA geometry is shown in Figure 1.

Drawdown Time

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

METHODS OF ANALYSIS
IRCA Storage Capacity

Required IRCA storage capacity calculations are performed using hydrologic and basin
routing analyses as presented in TR-20 [USDA-SCS, 1982} and TR-55 [USDA-SCS, 1986].
Input parameters required for the analysis include: (i) rainfall from the design storm event (i.e.,
25-year, 24-hour storm event); (ii) runoff curve numbers for the different areas contributing
runoff; and (iii) the actual plan area for the areas contributing runoff.

Using the above described methods, the volume of runoff that is required to be stored in the
Cell 8 IRCA can be calculated as:

V(required) = R * A
where: V (required) = volume of runoff required to be stored in Cell 8 IRCA;
"R = actual runoff; and
A = area cpntributing runoff.

The actual runoff (R) is calculated as:

2
R= (P-0.25)
(P+0.8S)

where: P = rainfall from the design storm event;

F0420010
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. S = potential maximum retention after runoff begins; and
1000
S=——-10
CN

CN = runoff curve number.

For the calculation, the areas contributing runoff are separated to include: (i) Cell 7; (ii) Cell
8 outside of the IRCA; and (iii) the Cell 8 IRCA area. :

The values for these parameters used herein are presented in the Data Verification Section of
this calculation package. Further discussion of the significance of these input parameters can be
found in Section 12.4 of the Revised Final Design Calculation Package On-Site Disposal Facility -
entitled “OSDF-Phase IV-Surface Water Management Design”.

The volume of storage provided by the IRCA (Vrovigea) Was calculated using the computer
program Autodesk® Civil Design 3 within Autodesk® Land Desktop 3. Figure 2 shows the
results of the volume calculation. The surfaces used to compute the IRCA capacity are: (i) top
of the protective layer; and (it) a flat surface projected across the 597.86 ft contour. This contour
represents the maximum containment elevation of the IRCA minus 0.5 feet of freeboard. '

The required depths for channels discharging to the IRCA will be calculated in subsequent
. revisions to this calculation package. However, it is anticipated that the channels provide
adequate capacity with the required 0.5 ft of freeboard.

Drawdown Time
As mentioned earlier, the drawdown time is the amount of time expected for impacted runoff

associated with a 25-year, 24-hour storm event to drain from the IRCA into the Cell 8 LCS. The
drawdown time may be evaluated using Darcy’s Law as shown below:

At = _A_‘i
kiA
where: At = incremental drawdown time;

AV = incremental volume change;

k = permeability of the LCS drainage layer;
1 = hydraulic gradient; and

A = area perpendicular to flow.

y___ N
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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 allowable flowrate of the EPLTS permanent lift station pumps
(i.e., 200 gpm). The equation below shows the formula used to calculate the ‘EPLTS limited’
drawdown time:

Vv
t=—
Q
where: t = drawdown time;
V = required IRCA storage capacity for a given stage; and
Q = flow rate.
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), Revision [GeoSyntec, 2004]. For
the Fernald Environmental Closure Project (FECP) property, this event has a rainfall intensity of
4.7 in. [Parsons, 1995].

IRCA Storage Capacity

The Cell 8 IRCA must be designed to contain impacted runoff from two cells during the 25-
year, 24-hour storm event and shall provide at least 0.5 ft of freeboard from the minimum
embankment crest elevation. As shown in Figure 2, the minimum elevation of the perimeter
berm shoulder is 598.36 ft.

Drawdown Time

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

AR
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U.S. Department of Agriculture (USDA-SCS), Technical Release Number 20 ( TR-20), Soil
Conservation Service, 1982.

00001

F0420010



529

(GEOSYNTEC CONSULTANTS PAGE OF

Written by: TEZ Date:_6/23/2004 Reviewed by: LMG Date:

Client: Fluor Fernald _Project:_Cell 8 Expansion _ Project No.:_GQ3309 Task No.:_02

CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS
DATA VERIFICATION

INTRODUCTION

This section presents the selection of parameters used to perform analyses in the Calculation
Resuits section of this calculation package. The input parameters will be discussed in terms of
the types of calculations being performed as part of this package.

INPUT PARAMETERS
IRCA Storage Capacity

As discussed in the Calculation Procedures section, the required IRCA storage capacity was
computed using hydrologic and basin routing analyses as presented in TR-20 [USDA-SCS, 1982]
and TR-55 [USDA-SCS, 1986]. Input parameters required for the analysis include: (i) rainfall
during the design storm event (i.e., 25-year, 24-hour storm event); (ii) runoff curve numbers for
the different areas contributing runoff; and (iii) the actual plan area for the areas contributing
runoff.

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, 1995]. The runoff curve number for the entire OSDF was
set as CN = 91 as established in Section 7.2 for a newly graded area of the soil type found at the
OSDF. However, for the Cell 8 IRCA a CN of 100 is assumed because all rainfall that falls
within the IRCA should be counted as runoff. The areas are established from the Construction
Drawings and are shown in Figure 1.

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. The parameters needed for this
analysis include: (i) the permeability of the LCS drainage layer, k& (ft/s); (ii) the hydraulic
gradient, i (ft/ft); and (iii) the area perpendicular to flow, A (ft). The mput values used for the
drawdown analysis are shown below:

where: k = 0.0033 ft/s (minimum permeability of the LCS drainage and granular
protective layer as required by the specifications);

1= 1 (conservatively); and
A =2445 £,

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

N
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. following input parameters: (i) volume of required IRCA storage capacity, V; and (ii) the

flowrate of the leachate, Q. The volume of required IRCA storage capacity was computed as a
part of the IRCA storage capacity calculations in this calculation package. The flowrate of the
leachate is that of the EPLTS permanent lift station pumps, which has been established as 200

gpm.
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. CELL 8 IMPACTED RUNOFF CATCHMENT AREA REQUIREMENTS
CALCULATIONS
INTRODUCTION

This section presents calculations and results based on procedures and data presented in the
Calculation Procedures and Data Verification sections of this calculation package.

CALCULATIONS AND RESULTS
IRCA Storage Capacity

The Cell 8 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 for runoff from two cells to handle the 25-year, 24-hour storm event with 0.5 ft
of freeboard. As discussed in the Calculation Procedures section, the required IRCA storage
capacity was computed using hydrologic and basin routing analyses as presented in TR-20
[USDA-SCS, 1982] and TR-55 [USDA-SCS, 1986]. The calculations can be found in
Attachment A-1.

' The results show that the required IRCA storage capacity is 212,215 ft’, which is less than
. the provided IRCA storage capacity of 563,706 ft’. Therefore, the revised Cell 8 IRCA geometry
provides containment for runoff from two cells (i.e., Cells 7 and 8) during the 25-year, 24 hour
storm event with the required 0.5 ft of freeboard.

Drawdown Time

The amount of time expected for impacted runoff to drain from the IRCA after the
completion of the 25-year, 24-hour storm event into the Cell 8 LCS is referred to herein as the
drawdown time. An estimation of the drawdown time is made in this calculation package.
Analyses indicated that the estimated drawdown time is limited by the capacity of the EPLTS.
The EPLTS permanent lift station pumps provide a maximum allowable flowrate of 200 gpm,
which results in an approximate drawdown time of 5.5 days. The calculations can be found in
Attachment A-2.

CONCLUSIONS
The following conclusions are made based on the calculations performed in this package:

o The IRCA for Cell 8 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).
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. e Calculation results show that the design meets the applicable design criteria;

therefore, the design is considered acceptable.
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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 (ie., Cells 1 to 7). The southernmost
OSDF cell (i.e., Cell 8) is sized differently from the other cells.

This addendum to Section 7.1 presents leachate generation rates for Cell 8. Similar methods
and input data to that used in Section 7.1 were used herein. This addendum is presented as Section
7.4 of the OSDF Final Design Calculation Package, and is titled, “Leachate Generation Rates — Cell
8 Supplement”. Sectioni 7.4 is presented in Volume VI of the OSDF Final Design Calculation
Package. '
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LEACHATE GENERATION RATES — CELL 8 SUPPLEMENT
EXECUTIVE SUMMARY

PURPOSE OF ANALYSIS

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

METHOD OF ANALYSIS

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

CONCLUSIONS

Leachate Generation Rates for Cell 8

o Peak daily for active stage (i.e., 10 ft of waste) = 1754 gpad
. Peak daily for post-closure stage =024 gpad
- 0-054

. Average annual for active stage (i.e., 10 ft of waste) = 1261 gpad
. Average annual for post-closure stage =0.002 gpad
o ~ Baseline design flow rate during active operations _ =m gpd

/.
o Baseline design flow rate after closure ' =8.15gpd J_,

0-433¢
w23 P

Note that the above design flow rates do not account for large peak flows associated with the
storm design basis flow rate or incremental flows that may occur 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

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

INTRODUCTION

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

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

GENERAL DESCRIPTION OF CELL 8

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

cell area of 6.5 acres. Cell 8 is designed approximately 650 feet long and425 feet wide with a cell area

of 6.3 acres. 540 .

8.0 P
o 5‘ 12 ' 04'
LEACHATE GENERATION ANALYSIS

Generally, the analysis procedures presented in the Calculation Package “Leachate Generation
Rates” are followed in these calculation packages. The U.S. Environmental Protection Agency
(USEPA) Hydrologic Evaluation of Landfill Performance (HELP) model, Version 3.07 [Schroeder, et

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

Analyses were presented in the Calculation Package “Leachate Generation Rates” for three cases
representing three different stages in the life of the OSDF. Based on these calculation resﬁlts, it was
determined that Case 1 is the critical case during active operation and Case 3 after closure of the OSDF.
Therefore, leachate generation calculations for Cell 8 are performed for Cases 1 and-3 only in this

calculation package.

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

Case 3 as 3A, 3B, 3C, and 3D based on the different material types used to model certain layeré. in the

6¢00490
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OSDF. Based on the analysis results presented in that Calculation Package, it was determined that Case
1B, 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
Performance (HELP) Model: User’s Guide for Version 3.” U.S. Environmental Protection Agency,
Office of the Research and Development, Washington D.C., Report No. EPA/600/R-94/168a, 83 p. (plus
appendix).

Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. (1994b).
“The Hydrologic Evaluation of Land(fill Performance (HELP) Model: Engineering Documeﬁtationfor
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.

000041




5529
1

GEOSYNTEC CONSULTANTS Page = of
Written By : RK Date: 12-03-03  Reviewed by: LMG Date: 12-09-03
Client: Fluor Fernald Project: OSDF — Revised Phase V Project/Proposal No.: GQ3211 Task No.: 06

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
e« Evaporation data

¢ Precipitation data

e Temperature data

o Solar radiation data

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

- Calculation Package “Leachate Generation Rates” presented in Sectlon 7. 1 except for the changes

presented below to account for the new geometry of Cell 8. Hi 350
=
1 /“ Pﬁ/o-""tjé (
Soil and Design data Requirements s p=o¥ L =6So ‘ 25 e /
o Landfill General Information e W N L b © 27,
- Cell area Base P s, =63-acres. @ 9.4
4 Y 80 3gs *-@%'
e Layer Data / R 4f/
, Sﬁ-o
- Drainage path length for the LCS drainage layer —3—2;6—& and
- Dramage ath length for the final cover Ml =486-ft.
Hydrauli€ Conductivity of L_C A / S:LO
«  Runoff Curve Number LaDs Froinage layesS =4 cmis c 6@1
ased orv -l:cs‘\:r—o5u\ From, »’errm)‘lo

- calculated by the program based on the new mput parameters <;

000042
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LEACHATE GENERATION RATES - CELL 8 SUPPLEMENT
COMPUTATION RESULTS

The leachate generation rates were estimated for Case 1 (active condition) and Case 3 (post-
closure condition). The HELP program output files are included at the end of this Calculation Package
as appendix A. The results for the HELP analyses are summarized in Table 1.

Calculation of Baseline Design Flow Rates for Cell 8

Peak daily for active stage (i.e., 10 ft of waste) = 1754 gpad

o Peak daily for post-closure stage =0:024 gpad
O-05 4— '
. Average annual for active stage (i.e., 10 ft of waste) =1261 gpad
e Average annual for post-closure stage =0.002 gpad
. Baseline design flow rate during active operations = 34:650gpd- 14 /03&31
° Baseline design flow rate after closure =845 gpd (L

43 gf

0 5\%\%

000043
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Table 1. Summary of HELP Model Results

Case Average Annual Totals (in) Peak Daily Values (in)
PP {R| E | LD | Hae 1° P | R LD Hayg I
(Himax)
Case | 4026 | 0 | 2326 | 4695~ | 99— |eome=] | 47 | o0 0.0646 | J375— | orcto—
51 A RS a4
1B . 16°3¢| 0-14 1-0X1 —(249P~
0-385
Case | 40.34 |426-| 2750 | 3.0X10° ] o 2.5X10% 130 | 829 -9-9x49—i—é 0 55X10°
13| RrOX0'| o005y
Notes: 65 IA_QJIOA(
'P = Precipitation
?R = Runoff

‘E= Evaporgtion

‘LD = Lateral drainage in LCS drainage corridor

3 Havg = Average head above the primary gebmembrane liner
51 = Infiltration through primary geomembrane liner

7Hmax = Maximum head above the primary geomembrane liner

000044
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hhkhdhdhhkhbdhhkhhdhdhhhhdethrhbdhhbdhhthdhdhhdhddhhhdhbdhhhhdhhddhhhhdhhdhhhhkhhhtsd

%k %k
ik %
ol HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE bl
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) **
ek DEVELOPED BY ENVIRONMENTAL LABORATORY . wk
*% USAE WATERWAYS EXPERIMENT STATION i
:: FOR USEPA RISK REDUCTION ENGINEERING LABORATORY **

%
*k : *%

hhhhhhkhkhdhhhhhhhkdhhhhhhhhhhhhhdhhhhhhhhhhhhhhhhhhhhhhdhhhhdhhhhhehdhhdhhhkhkhhhhhdk
Ahfhfhkhhhdhhhhdhkhddkhhdhhhhhhhhhhhhhhdhkhhhhhhdhhhdhhhhhhthhhhhhhdhhhkbhhhhix

PRECIPITATION DATA FILE: H:\Projects\Fernald\Cell8\CaselB.D4

TEMPERATURE DATA FILE: H:\Projects\Fernald\Cell8\CaselB.D7

SOLAR RADIATION DATA FILE: H:\Projects\Fernald\Cell8\CaselB.D13

EVAPOTRANSPIRATION DATA: H:\Projects\Fernald\Cell8\CaselB.D11

SOIL AND DESIGN DATA FILE: H:§Pr01ects\Ferna1d\Ce118\Case188R.DlO
H

OUTPUT DATA FILE: Projects\Fernald\Cel18\CaselB8R.OUT

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

Thdbhhhhhhdhhhhkhddhkhhhdhhhkhhhhhdhdhhhhhdhhhhhhdfehhdhhbhhdehhddhhehhhdhhhhhiiiss

TITLE: Fernald OSDF - Case 1B

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

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
: COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

LAYER 1

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 31

120.00  INCHES

0.5780 voL/voL

0.0760 voL/voL

0.0250 voL/voL

0.1790 voL/voL
0.410000002000E-02 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 2

TYPE 1 - VERTICAL PERCOLATION LAYER
Page 1
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CASE1B8R

MATERIAL TEXTURE NUMBER 26

12.00  INCHES

0.4450 voL/voL

0.3930 voL/voL

0.2770 voL/voL

0.3930 voL/voL
0.190000003000E-05 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER O

12.00 INCHES

0.3970 voL/voL

0.0320 voL/voL

0.0130 voL/voL

0.0320 voL/voL
1.00000000000 CM/SEC

2.24  PERCENT
385.0 FEET

THICKNESS
POROSITY ,

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

‘ 0.06  INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 VOL/vOoL
0.0000 voL/voL

0.199999996000E~-12 CM/SEC
0.00  HOLES/ACRE -
1.00 HOLES/ACRE

3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

e uunun

LAYER 5

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

- 0.25 INCHES

0.7500 voL/voL

0.7470 voL/voL

0.4000 voL/voL

0.7500 voL/voL
0.300000003000E-08 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

nmnnnnn

LAYER 6

5529»2./13
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CASE1B8R

‘TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER O
12.00 INCHES
0.3970 voL/voL
0.0320 voL/voL
0.0130 voL/voL
0.0320 voL/voL
1.00000000000 CM/SEC
2.24  PERCENT
385.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35 :

0.06  INCHES:
0.0000 voiL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
1.00 HOLES/ACRE

3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

nnnwnwmwann

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER O

36.25 INCHES

0.4290 voL/voL

0.4200 voL/voL

0.3670 voL/voL

0.4290 voL/voL
0.819999997000E-07 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

nmwuwhnuwn

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #31 WITH 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
INITIAL WATER IN EVAPORATIVE ZONE = 1.725 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.936 INCHES

Page 3
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LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER
INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER
TOTAL SUBSURFACE INFLOW

0.300 INCHES

0.000 INCHES
.42.698 INCHES
42.698 INCHES

0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
CINCINNATI OHIO

STATION LATITUDE

39.29 DEGREES
MAXIMUM LEAF AREA INDEX 0.00

START OF GROWING SEASON (JULIAN DATE) = 104

END OF GROWING SEASON (JULIAN DATE) = 295
EVAPORATIVE ZONE DEPTH = 12.0 1INCHES
AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 70.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 %
- AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

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

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

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

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

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/3JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
28.90 32.10 41.80 53.50 63.00 71.40
75.40 74.10 67.50 55.30 43.40 33.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHIO
AND STATION LATITUDE = 39.29 DEGREES

kR Tt R R R R R R R R R R R R R R Rk R kAR Rk kA fe ek dkhhs®
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

PRECIPITATION
TOTALS 3.42 2.87 3.77 3.69 3.83 4.10
4.42 2.86 2.79 2.35 3.22 2.94
STD. DEVIATIONS 1.59 1.34  1.48 1.54 1.84 2.18
1.94 1.59 1.78 1.10 5 1.36 1.21
RUNOFF ’
TOTALS 0.000 0.000 0.000 0.000 0.000 0;000
0.000 0.000 0.000 0.000 0.000 _0.000
STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION
TOTALS 0.623 - 0.556 1.887 2.884 3.050 2.900
3.205 2.290 1.874 1.653 1.373 0.965
STD. DEVIATIONS '0.271 0.310 0.589 0.753 0.960 1.012
1.037 0.982 0.811 0.520 0.332 0.255
LATERAL DRAINAGE COLLECTED FROM LAYER 3
" TOTALS : 1.1201 1.2394 1.4275 1.8232 1.8697 1.7071
1.5949 1.4525 1.3479 1.2918 1.0952 0.9858
STD. DEVIATIONS 0.6491 0.4902 0.4945 0.2690 0.3086 0.4044
0.5309 0.6138 0.5907 0.6096 0.5642 0.5468
PERCOLATION/LEAKAGE THROUGH LAYER 5
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
LATERAL DRAINAGE COLLECTED FROM LAYER 6
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
PERCOLATION/LEAKAGE THROUGH LAYER 8
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



CASE1B8R
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

AVERAGES 0.1096 0.1332 O
0.1561 0.1421 O

STD. DEVIATIONS 0.0635 0.0530 0

: 0.0520 0.0601 O

DAILY AVERAGE HEAD ON TOP OF LAYER 7

AVERAGES 0.0000 0.0000 0
0.0000 0.0000 O.

STD. DEVIATIONS 0.0000 0..0000 0
0.0000 0.0000 O.

.1397
.1363

.0484
.0597

.0000
0000

.0000
0000

.1843
.1264

.0272
.0596

O OO

0.0000
0.0000
0

.0000
0.0000

.1829
.1107

oo OO

.0570

.0000
.0000

.0000
.0000

oo OO0

.0302

.1726
.0965

.0409
.0535

oo ©O

.0000
.0000

.0000
.0000

oo OO

Ttk hdteh ik hhhhhhhhhkhhhdhhdhhekhhhhhhdhhhhhhhkhhhhdhhhhhhhdkhddhhdhhhddhdddd®

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

* AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS

PRECIPITATION
RUNOFF
EVAPOTRANSPIRATION

LATERAL DRAINAGE COLLECTED
FROM LAYER 3

PERCOLATION/LEAKAGE THROUGH
LAYER 5 ’

AVERAGE HEAD ON TOP
OF LAYER 4

LATERAL DRAINAGE COLLECTED
FROM LAYER 6

PERCOLATION/LEAKAGE THROUGH
LAYER

AVERAGE HEAD ON TOP
OF LAYER 7

CHANGE IN WATER STORAGE

0.

0.

.260
.95500

.00001

.141 (

.00001

.00000

000 (

045

¢ 5
.0000)
.6639)
.94392)

C 3

¢ o.

(¢ o.

C 0.

0.

¢ 3.

.552)

00000)

.033)

00000)

00000)

000)

0368)

146142.4

0.00

84432.33
61546.664

0.032

0.023

0.009

163.32

fehdhhhhhhhhhhhhhfihhhhkhhhhhhihhhdhhhhhhhhhhhhkhhhhhhhhkhhhkhhhhhhfehkhhdhdhhhhihh®

1 THROUGH 100

100.00
0.000
57.774
42.11419

0.00002

0.00002

0.00001

0.112

Ahhhhhhdhkfhhhhhhdhhhihhhhhhhhhhhdhdhdhehdhdhdhhhhkhhhhhhhhhhhhhhhhhhhhthhhhhhhhh®
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CASE1B8R
PEAK DAILY VALUES FOR YEARS 1 THROUGH 100
T T T T T anekesy (eu. P
PRECIPITATION 470 17061.000
RUNOFF 0.0Q0 K 0.0000
DRAINAGE COLLECTED FROM LAYER 3 0.06463 234.60274
PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00012
AVERAGE HEAD ON TOP OF LAYER 4 0.196
MAXIMUM HEAD ON TOP OF LAYER 4 0.385
COTUEITIRE P er
DRAINAGE COLLECTED FROM LAYER 6 0.00000 0.00010
PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 7 0.000
MAXIMUM HEAD ON TOP OF LAYER 7 0.027
COTUTITRIRE P oo e
SNOW WATER 7.68 27876.4355
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5780
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0275

*** Maximum heads are computed using McEnroe's equations. ¥**¥
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.

hkkddhhhthhhkhhhdhhhtehhhhhbdhhhhkhthhhdhfhbhhhdekfekhhedhfehhhhhhhhhhhhhhhkhhhhhhi

Thkdhdehhhhdheh ki hhhddhhhdhhhdkhhhhhkhhhkhhkkhhhhdhhkhfhehhhhhhhhhhhhhbedhhhhhhhi®

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (voL/voL)
1 25.8107 0.2151
2 4.8788 0.4066
3 0.3844 0.0320

Page 7
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0.0000
0.1875
0.3840
0.0000

15.5512
SNOW WATER 0.000

0 N O v A

0.0000
0.7500
0.0320
0.0000
0.4290

kdhhhhdhhhhhhhhhhdhhhbhehhhhhhhkhhhthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhdhhhhhdhhk®
khhkhhhhhhhhhhhhhhhhhkhhhhhdhkhhhhdhkhhhhhdhhhhhhhhhhhhdhhihhhhhdhdhhhhkhdkhdhi®
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******************************************************************************

CASE3D8R

*E ) . * %
% %
bl HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE *%
*x HELP MODEL VERSION 3.07 (1 NOVEMBER 1997) ¥
i _ DEVELOPED BY ENVIRONMENTAL LABORATORY bkl
wk USAE WATERWAYS EXPERIMENT STATION *x
:: FOR USEPA RISK REDUCTION ENGINEERING LABORATORY *E

%
% %k

******************************************************************************
fkdhhhhhhkhhhhdhhhdkhkhhhhdhhhhhhhhhhhhhhhdhhhhhhhhhhhdhdhhhdhhhkhhhhhhhhhhhhdhhhd

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:

H:\Projects\Fernald\cCell8\Case3D.D4

H:

H
EVAPOTRANSPIRATION DATA: H:

H:

H:

\
\Projects\Fernald\Cell8\Case3D.D7
:\Projects\Fernald\Cel18\Case3D.D13
}Proqects\Ferna1d\Ce118\Case3D .D11
\

SOIL AND DESIGN DATA FILE:

Projects\Fernald\Cel18\Case3D8R.D10
OUTPUT DATA FILE:

:\Projects\Fernald\Cel18\Case3D8R.0OUT

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

v
P

hhhhdehkhdhhhhhhhdhhhhthhhhhhhdtehdhhhhdehfhhhhhhdbhhhhdhhhhdhhthhhhkhhhhdhhhidhthk

TITLE: Fernald OSDF - Case 3D

Fekdekdhhddhhhdhhhhhhhhdhfhhhhhhdhhdhddhhhdhdhehhhhhhdhhdhhthhhdhdhhhdhhdhhhhhkhdthhi

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 10

6.00 INCHES
0.3980 voL/voL
0.2440 voL/voL
_ 0.1360 voL/voL

INITIAL SOIL 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 IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

000054
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TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER O
21.00 INCHES
0.4000 voL/voL
0.3000 voL/voL
0.2000 voL/voL
0.2929 voL/voL
0.999999975000E-04

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT :

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

wnauwnu

- TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 2
6.00 INCHES
0.4370 voL/voL
0.0620 voL/voL
0.0240 voL/voL
0.1842 voL/voL
0.579999993000E-02

THICKNESS

POROSITY -

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER O

: 36.00 INCHES
0.3500 voL/voL
0.0300 voL/voL
0.0100 voL/voL
0.0300 voL/voL
100.000000000

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 5

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER O
12.00  INCHES
0.3970 voL/voL
0.0320 voL/voL
0.0130 voL/voL
0.0528 voL/voL
0.100000001000
13.40 PERCENT
510.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

LAYER 6

CM/SEC

CM/SEC

CM/SEC

CM/SEC
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CASE3D8R
TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
0.06 INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
1.00 HOLES/ACRE
3 - GooDp

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER O
24.25 INCHES
0.4300 voL/voL
0.4210 voL/voL
0.3670 voL/voL
0.4300 voL/voL
0.750000027000E-07 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT -

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 26

12.00 INCHES

0.4450 voL/voL

0.3930 voL/voL

0.2770 voL/voL

0.3930 voL/voL
0.190000003000E-05 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 9

TYPE 1 - VERTICAL PERCOLATION LAYER

MATERIAL TEXTURE NUMBER 26 .

12.00  INCHES

0.4450 voL/voL

0.3930 voL/voL

0.2770 voL/voL

0.3930 voL/voL
0.190000003000E-05 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 10

5529 14/
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CASE3D8R
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 31
408.00  INCHES
0.5780 voL/voL

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.0250 voL/voL
0.0760 voL/voL
0.410000002000E-02

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 26
12.00 INCHES
0.4450 voL/vOL
0.3930 voL/voL
0.2770 voL/voL
0.3930 voL/voL

0.190000003000E-05

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

LAYER 12

TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 0 _
12.00 INCHES.-

0.3970 voL/voL
0.0320 voL/voL
10.0130 voL/voL
0.0320 voL/voL
1.00000000000
2.24  PERCENT
385.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

Baunnnnnn

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35
0.06 INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.199999996000E-12

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LU T T I I O O 1

3 - GOOD

LAYER 14
Page 4

0.0760 voL/voL

CM/SEC

CM/SEC

CM/SEC

CM/SEC

0.00 HOLES/ACRE
1.00 HOLES/ACRE

5529

:Lz/lﬂ
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TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17 ;
‘ 0.25  INCHES

0.7500 voL/voL

0.7470 voL/voL

0.4000 voL/voL

0.7500 voL/voL
0.300000003000E-08 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

nnnnnn

TYPE 2 - LATERAL DRAINAGE LAYER

MATERIAL TEXTURE NUMBER 0O

12.00  INCHES

0.3970 voL/voL

0.0320 voL/voL

0.0130 voL/voL

0.0320 voL/voL
1.00000000000 CM/SEC

2.24 PERCENT
385.0 FEET

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE ’

DRAINAGE LENGTH

(L O T (O T

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 35

0.06  INCHES
0.0000 voL/voL
0.0000 voL/voL
0.0000 voL/voL
0.0000 VOL/VOL

0.199999996000E-12 CM/SEC
0.00 HOLES/ACRE
1.00 HOLES/ACRE

3 - GOOD

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

LAYER 17

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 0

36.25  INCHES

0.4290 voL/voL

0.4200 voL/voL

0.3670 voL/voL

0.4290 voL/voL
0.819999997000E-07 CM/SEC

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

Page 5
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NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SOIL DATA BASE USING SOIL TEXTURE #10 WITH A
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.%

AND A SLOPE LENGTH OF 510. FEET.

5529 a4hq

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

82.454 INCHES
82.454 INCHES

SCS RUNOFF CURVE NUMBER = 80.70

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES
EVAPORATIVE ZONE DEPTH = 30.0 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 8.162 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 12.099 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 5.088 INCHES
INITIAL SNOW WATER = 0.000 INCHES

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
3.50

104

295
30.0 INCHES
9.10 MPH
70.00 %
67.00 %-
73.00 %
72.00 %

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR COVINGTON

KENTUCKY

NORMAL MEAN MONTHLY PRECIPITATION (INCHES)

| JAN/3JUL FEB/AUG MAR/SEP APR/OCT
3.13 2.73 3.95 3.58
4.28 2.97 2.91 2.54

MAY/NOV JUN/DEC
3.84 4.09
3.12 3.00

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR CINCINNATI

OHIO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

. JAN/JUL FEB/AUG MAR/SEP APR/OCT

MAY/NOV JUN/DEC

T n059
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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 K

ThAR R AR dhhkbhhkhhhhkdhdhhhdhhhhihhhhhhkhhhhhkhhdhhhhhdhhhhhhkdhhhhhhhbdhtehhhhdhd

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 100

- —— - - = ——— m = g = " o T - —— - = = - = = - - -

JAN/IUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION
TOTALS 3.42 2.87 3.77 3.69 3.83 4.10
4.51 2.86 2.79 2.35 3.22 2.94
STD. DEVIATIONS 1.59 1.34 1.48- 1.54 1.84 2.18
2.35 1.59 1.78 1.10 1.36 1.21
RUNOFF
TOTALS 1.120 1.872 1.188 0.033 0.024 0.078
: 0.149 0.024 0.034 0.017 0.042 0.166
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
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
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

c00060
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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
PERCOLATION/LEAKAGE THROUGH LAYER 14
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
LATERAL DRAINAGE COLLECTED FROM LAYER 15 -
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
PERCOLATION/LEAKAGE THROUGH LAYER 17
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
. """""""""" AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
DAILY AVERAGE HEAD ON TOP OF LAYER 6
" 'AVERAGES ’ 0.2050 0.1504 0.4760 0.2484 0.0943 0.0297
0.0402 0.0147 0.0198 0.0341 0.1776 0.3220
STD. DEVIATIONS 0.2332 0.2014 0.2451 0.2366 0.1450 0.0714
0.1385 0.0405 0.0701 0.0847 0.2513 0.2387
DAILY AVERAGE HEAD ON TOP OF LAYER 13
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
DAILY AVERAGE HEAD ON TOP OF LAYER 16
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

hhkkthhhfkhthihhhdhhhhhhhhhhhhhhhhhkdhhhhhhhhhdbhhhhhhhkhhhhhhhhhhhthrhhhhhhhhhdhhhdbhd®h
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100

INCHES CU. FEET PERCENT
-PRECIPITATION 40.34 ( 5.640) 146443.7 100.00
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 § »
PERCOLATION/LEAKAGE THROUGH 0.00003 (¢ 0.00001) 0.125 0.00009
LAYER 7
AVERAGE HEAD ON TOP 0.151 ( 0.061)
OF LAYER 6
LATERAL DRAINAGE COLLECTED 0.00003 ( 0.00001) 0.116 0.00008
FROM LAYER 12 -
PERCOLATION/LEAKAGE THROUGH 0.00000 (¢ 0.00000) 0.009 0.00001
LAYER 14.
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 13 ‘
LATERAL DRAINAGE COLLECTED 0.00000 ( 0.00000) '0.000 0.00000
FROM LAYER 15 ‘
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001
LAYER 17
AVERAGE HEAD ON TOP 0.000 ( 0.000)
OF LAYER 16
CHANGE IN WATER STORAGE 0.007 ( 1.173%) _24.12 0.016

**********:k******************************************'k*************************

Thdhkhhhhhhhhdhdhhhhhhhdhhhhdhdhhhdhhdhhdhdhhhhhhhhhhdhhhhhhhkhhkhhhhhhhhhehkth®

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100

(INCHES) (cu. FT.)
PRECIPITATION —iijéé —————— Z;i§6j665-—
RUNOFF 8.285 © 30074.0723
DRAINAGE COLLECTED FROM LAYER 5 0.71752 i 2604.58472
PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000003 0.00916
AVERAGE HEAD ON TOP OF LAYER 6 4.903
. Page 9
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MAXIMUM HEAD ON TOP OF LAYER GCASE308R 9.401
LOCATION OF MAXIMUM HEAD IN LAYER 5
(DISTANCE FROM DRAIN) 12.3 FEET
DRAINAGE COLLECTED FROM LAYER 12 0.00000 0.00752
PERCOLATION/LEAKAGE THROUGH LAYER 14 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 13 0.000
MAXIMUM HEAD ON TOP OF LAYER 13 0.000
LOCATION OF MAXIMUM HEAD IN LAYER 12
(DISTANCE FROM DRAIN) 0.0 FEET
DRAINAGE COLLECTED -FROM LAYER 15 0.00000 0.00000
PERCOLATION/LEAKAGE THROUGH LAYER 17 0.000000 0.00002
AVERAGE HEAD ON TOP OF LAYER 16 0.000
. MAXIMUM HEAD ON TOP OF LAYER 16 0.005
i e R
SNOW WATER _ 7.68 1 27876.4355
MAXIMUM VEG. SOIL WATER (voL/vOoL) 0.3527
MINIMUM VEG. SOIL WATER (voL/voL) 0.1696

*¥*  Maximum heads are computed using McEnroe's equations. *¥**
Reference: Maximum Saturated Depth over Landfill Liner
by Bruce M. McEnroe, University of Kansas

ASCE Journal of Environmental Engineering
vol. 119, No. 2, March 1993, pp. 262-270.

HRARERERR AR R AR hhhhhhtthhhdhehhhhhtehhhhhthehkhhkhhhhdhhdhhhhdhhdhhddkhthhhhdhhhdht

Tk E A A A ARk ke k ki hhhhhhhhhhhhhhhhhhhhhddddehhthhhhfehhdhhhhhhhhhdhhs

FINAL WATER STORAGE AT END OF YEAR 100

LAYER (INCHES) (voL/voL)
1 ~2.3608 " 0.3935
2 6.4209 0.3058
3 0.7823 0.1304
4 1.0800 0.0300

Page 10

1063



CASE3D8R

5 0.3845

6 0.0000

7 10.4275
8 4.7160
9 4.7160
10 31.0080
11 4.7160
12 0.3840
13 0.0000
14 0.1875
15 0.3840
16 0.0000
17 15.5512
SNOW WATER 0.000

O O O O O © O O O O o o o

.0320
.0000
.4300
.3930
.3930
.0760
.3930
.0320
.0000
.7500
.0320
.0000
.4290

552 9} 19/}14

fedededetehe ket kdehhfehhhhhhhhhhhhhhhddhhhhhhhhhhhhhdhdhhdehhhhhhfhehkhkhhhhhkhhhhhhdhihhss
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Written By : RK Date: 12-03-93 Reviewcd by: LMG Date: 12-09-03

Client: Fluor Femald Project: OSDF — Revised Phase V Project/Proposal No.: GQ3211 Task No.: 06
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 drainagé
corridor components of the LCS. Specifically the package estimated (i) average and maximum
leachate head and liquid thickness for the drainage layer; and (ii) average and maximum leachate
head and liquid thickness and flow capacity for the drainage corridor. The performance of the
drainage layer and drainage corridor was evaluated using baseline design flow rates applicable to the
northernmost and interior OSDF cells (i.e., Cells 1 to 7). Baseline design flow rates for the
southernmost OSDF cell (i.e., Cell 8) are presented in Section 7.4 and will be utilized in this

package.

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

PURPOSE OF ANALYSIS

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

METHOD OF ANALYSIS

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

analytical solution.

Drainage Corridor: The maximum and average hydraulic head, and maximum and average liquid

thickness in the drainage corridor were calculated using a closed-form analytical solution. The flow
capacity of the drainage corridor was calculated to verify its ability to convey leachate.

Calculations were performed for the active operation condition and for the post-closure (i.e.,
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation
Rates — Cell 8 Supplement” Calculation Package were utilized in the calculations. These flow rates

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

CONCLUSIONS

ACTIVE OPERATION CONDITION:

Drainage Layer: 038
. « maximum leachate head, hpay =%§in. <12in. (O.K)
« average leachate head, hayg —J:—}m

000068

o33
« maximum liquid thickness, Tmax ——%-S'm

« average liquid thickness, Tayg =13 in.
0-19 0>
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. L :
Drainage Corridor: 4-16

« maximum leachate head, hpa = -3—?;111 <12in. (O.K)

. average leachate head, hayg = +9-in. 1G

« maximum liquid thickness, Tmax z—?&in.

« average liquid thickness, Tavg =+9-in.

« drainage corridor capacity, QDC; %3.6 gpm

« required flow capacity, Qr =+7Fgpm . :

. flow capacity factor of safety, Qpc/Qr = 3+ (equatte-targetateuf 3, 0K ) 4

Tlf, :pff ﬂa_g_sacnot r—cz'?ll*e;. & 'f:arj‘@‘g; AJC;FUE:,’ZJJ 4
' 0T Sadte 'Ter the JFlo capactt -Thee
POST-CLOSURE CONDITION: | %) ~ s cjaw«‘, e low) < & H‘j: ver
. , —g——he Dep aces reguire a
Drainage Layer: 1-231 X3o +org et factor oF _
« maximum leachate head, hp. = 3.8 1%162 in. < 12 in. (O K N\Sa fe For tue :Ho‘,\)
. . average leachate head, hayg = 19436407 in. ©° 05X 2157? _2 r«éaf’aait ot the
. maximum liquid thickness, Tmax = 381x10% in. 2-22 % 3 Heohute® collection
. average liquid thickness, Tayg = 194467 in. -G pi {e= 67%&{,‘ 1o 3,
6-05X20 This focter oF
Drainage Corridor: B-T2A K 16'4. 5’4'5::1» [E Cﬂ‘CM[«'{fL
. maximum leachate head, hyay =4+32x+6"in. < 12 in. (OK) (n 5(24.-&‘\ on 8-5
. average leachate head, hay = 6:59x167 in. 126X 1o 1
. maximum liquid thickness, Tmax = 132467 in. 2-F2AX 11_9:4- mf/ 05 /4,2,)04( |
. average liquid thickness, Tavg = 6-59xt0” in. 1-86.X 10
. drainage corridor capacity, Qpc = 9.42 gpm _ + 000069
. required flow capacity, Qg = H88xt0™ gpm 2- 04 X0
. flow capacity factor of safety, Qpc/Qr = é—?‘-égx_;t(ﬂl 4mae¥rgreaterﬂfm—mgervahre‘6f‘m
O _ , <AL /‘7

The Def ﬂ[ae.s f‘.o”t f’ﬁ‘?‘_"ﬁirﬂ, a ‘f_:g\uz,}c,t §:a.d:o'r’ of 54:},:}3 (for’ ‘e
fHo\,J Caoﬂﬁci‘k of he AH%)MJ& (orﬁJ.w*’ mﬁ%‘tef“;qk, H'OVJG\/G«F.)/
The QC'F Aeé.s V“jMi/\ﬁ 7 b”je—t :fa(,‘bar’ of 5afc.iij :foﬂ—-f-h&
. flow ¢a/ﬂc—;’ta of the [eachale. collectionv pipe 57%%’({,{9
o0, 1 NEGA Paé’t— c:loSurc_ ‘}'\,\a Cﬁfﬂolb O:f' ﬁ,‘e /'1‘065
wos o Aec.rea,s@/ e the flow caﬁwitg oF e =

A
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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.

000070
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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 leachéte collection system for Cell 8 of the OSDF. In particular, this package addresses the
folibwing analyses: » |

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

o 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

f !
Supplement” as described in the following section. 4_'-'&"__‘!'_; 250 k

] e
ACTIVE OPERATION CONDITION: gl 5@{1 I & 2-2% /o

. C?}i %"MI\ ‘ @ 2‘0 /o

&-5 e } - 3 o' {
. DRAINAGE LAYER r‘ A t 525 e 1o ‘79
o
Leachate Head: 4._—-——-—,—%

"
L)

gi = the maximum impingement rate of flow into the drainage layer = 0.0646 in. /day (peak daily
value from HELP leachate generation analyses results; Case 1B) = 1.9x10° cmy/sec

L = the length of the slope =2#68-ft (3240 in.)

. : 385
o= tydeaulic Condiio b= cnols 000071
DRAINAGE CORRIDOR

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by

multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage
corridor). Therefore, 540 2,180 - 641 Xl

Qi 4c = (0.0646 in./day) x 425t/ 16 ft) =+716 in. /day (peak daily value) =5-04x1+6> c/sec

L = the length of the drainage corridor = 625 ft (7500 in.)
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I
24— 350

.A _(Q ‘

N
7

a! g\ Gs £ 0-4 /o
1
POST-CLOSURE CONDITION: 1) S 4,4@— ¢ -0 /o

15?

L~
Base | A "~ P 204 /o
DRAINAGE LAYER 1 ' E = :
> _ 350
&> -6
Leachate Head: e 2-0 K10

= the maximum impingement rate of flow into the drainage layer = 9-9x16° in. /day (peak

daily value from HELP le%chate generation analyses results; Case 3D) = 26510 ﬁm/sec

L = the length of the slope 351 (2940 in.) / S-88X 10
k= Hbirm\\a Con ":w:{‘g = 1 cwlis
DRAINAGE CORRIDOR

Leachate Head: The impingement rate of flow into the drainage corridor is calculated by
multiplying the impingement rate of flow into the drainage layer by (width of cell / width of drainage
corridor) as shown in Fj} Figure 2. Therefore & 74 xﬂ.o—s 4-98 X210

2-0Xi6 . . -10

Qi dc = = @-6xt67 in/day) x (4%5' f/ 16 ft) = 24x10™ in. /day (peak daily value) = 7-06x1+0-">-

cm/sec @H/
L = the length of the drainage corridor = 625 ft (7500 in.) |12 ioJY
, 0>
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LEACHATE COLLECTION SYSTEM (LCS)

MAXIMUM HEAD IN LCS - CELL 8 SUPPLEMENT
CALCULATION RESULTS

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

Parameter Active Post-Closure

Drainage Path Length (ft) 385 350
Drainage Path Slope (%) 2.24 2.04]
Slope Angle (rad) 0.02 0.02
Slope Angle (deg) 1.28 1.17
Thickness (in.) 12 12
Total Cell Width (R) 540 540]
Total Cell Length (f) 650 650
Total Cell Area (acre) 8.06 8.06}
k (cov's) 1 1
gi, (in/day) [from HELP] ‘0.0646 2.00E-06
qi, (cm/s) 1.90E-06 5.88E-11

A [Giroud et al.] - 0.004 0.000

j [Giroud et al.] 0.982 1.000
Trax/L 8.30E-05 2.88E-09|
Trmax (in-) 0.38 1.21E-05]
Pimax (iN.) 0.38 1.21E-05
Tave/ Tmax 0.5 0.5
Tave (in.) 0.19 6.05E-06
have (iN.) - 0.19 6.05E-06

o)

\

o4
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LCS Drainage Corridor

Parameter

Active Post-Closure

Drainage Path Length () 625 625
Drainage Path Slope (%) 1.00 0.40|
Slope Angle (rad) 0.01 0.00
Slope Angle (deg) 0.57 0.23

| Thickness (in.) 12 12
Total Corridor Width (f) 16 16
Total Corridor C/S Area () _ 16 16
Total Corridor C/S Area (m?) 1.49 1.49
Total Corridor Plan Area (acre) 0.23 0.23
k (cm/s) 10 10
qi, (in/day) 2.18 6.75E-05
qi, (cm/s) 6.41E-05 1.98E-09
A [Giroud et al.) 0.064 0.000
j [Giroud et al.] 0.918 1.000
Trax/L 5.65E-04 4.96E-08
Tonax (iN.) 4.16 3.72E-04
Ppmax (iN.) 4.16 3.72E-04
Tave/ Tmax 0.56 0.5
Tawe(in) 2.33 1.86E-04
Nave (in.) 233 1.86E-04
Flow Capacity (m’/s) 1.49E-03 5.95E-04]
Required Capacity (m’/s) 6.20E-04] . 1.92E-08
Factor of Safety (For Capacity) 2.40

3.10E+04]
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Written By : RK Date: 12-03-03  Reviewed by: LMG Date: 12-09-03

Client: Fluor Fernald Project: OSDF — Revised Phase V Project/Proposal No.: GQ3211 Task No.: 06
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 désign flow rates for the southemmost OSDF cell (i.e., Cell
8) are different from 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 (L.CS) LCS Pipe Design — Cell 8 Supplement”.
Section 8.5 is presented in Volume VII of the OSDF Final Design Calculation Package.
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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 of the LCS collector pipe for Cell
8 of the OSDF. The evaluation will be performed for both active operation and post-closure -

conditions.

METHOD OF ANALYSIS

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

capacity for Cell 8 in this Calculation Package.

CONCLUSIONS

« Pipe flow capacity for active operation condition, Q, = 196@; ggm

« Required flow capacity for active operation condition, Qp = #7# gpm

« Flow capacity factor of safety for active operation condition, Q,/Q, =25> 3 (OK)
« Pipe flow capacity for post-closure condition, Qp = 124.2 gpm 3.04X10 -4
. Required flow capacity for post-closure condition, Qp = 10816 gpm

« Flow capacity factor of safety for post-closure condition, Qp/Qyr = 135xt6° >> 10 (OK)
Z+03X30°

lml{ob(
0'00085
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LEACHATE COLLECTION SYSTEM (LCS)

LCS PIPE DESIGN - CELL 8 SUPPLEMENT
CALCULATION PROCEDURES

INTRODUCTION

The purpose of this package is to evaluate the factor of safety for flow capacity by comparing the
new required flow capacity for Cell 8 with the LCS pipe flow capacity.

METHOD OF ANALYSIS

The required flow capacity for Cell 8 was evaluated in Section 8.4, “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 Final Design Calculation Package.




5529

GEOSYNTEC CONSULTANTS - Page L of _ -
Written By : RK Date: 12-03-03  Reviewed by: LMG Date: 12-09-03
Client:_Fluor Fernald Project: _OSDF — Revised Phase V Project/Proposai No.:_GQ3211 Task No.: 06

LEACHATE COLLECTION SYSTEM (LCS)

LCS PIPE DESIGN - CELL 8 SUPPLEMENT
DATA VERIFICATION

Pipe flow capacity (Qp) = 1.25 x 10% m*/s (from Calculation Package “Leachate Collection
System (LCS) LCS Pipe Design” — Section 8.3)
62,0 X (o-‘t
Required flow capacity (Qpr) =4-88%x10"* m*/s (from Calculation Package “Leachate Collection
System (LCS) Maximum Head in LCS - Cell 8 Supplement” — Section

8.4)
fh

05(92,)0”(
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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 Pipe

Parameter ~ Active Post-Closure

Pipe Inner Diameter (in.) 5.421 5.421

Cross Section Area (in’) 23.08| 23.08

Cross Section Area (m’). 1.49E-02]  1.49E-02

Hydraulic Radius (in.) 1.36 1.36

Manning's Coefficient (s/m”**) 0.013 0.013

Drainage Path Slope (%) 1.00 0.40

Slope Angle (rad) 0.01 0.00
Slope Angle (deg) . 0.57 0.23]

. |Flow Capacity (m’/s) 1.24E-02 7.84E-03

- Required Capacity (m’/s) 6.20E-04 1.92E-08]
20.00 4.09E+05

- |Factor.of Safety (For Capacity)
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Written By : RK Date: 12-03-03  Reviewed by: LMG Date: .12-09-03

Client:;_Fluor Fernald : Project:_OSDF — Revised Phase V Project/Proposal No.:_GQ3211 Task No.: _06
ADDENDUM TO SECTION 9.1

' (ADDED TO REVISION 1 PACKAGE)

The Calculation Package “Leak Detection System (LDS) Migration through Primary Liner”
presented in Section 9.1 summarized the analysis of leachate migration through the primary liner
* and into the LDS and discussed other potential sources of flow into the LDS for different stages of
the life of the Fernald On-site Disposal Facility (OSDF). The leachate migration 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 of the OSDF Final Design Calculation Package,
and is titled, “Leak Detection System (LDS) Migration through. Primary Liner — Cell 8
Supplement”. Section 9.6 is presented in Volume VII of the OSDF Final Design Calculation
Package.
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LEAK DETECTION SYSTEM (LDS)
MIGRATION THROUGH PRIMARY LINER - CELL 8
SUPPLEMENT
EXECUTIVE SUMMARY

PURPOSE OF ANALYSIS

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

METHODS OF ANALYSIS

The infiltration rate of leachate through the primary liner into the LDS was estimated using
the USEPA HELP model analysis performed in the “Leachate Generation Rates — Cell 8
Supplement” Calculation Package. The assumptions made to perform the leachate generation
analysis were summarized in the “Leak Detection System (LDS) — Migration Through Primary
Liner” Final Design Calculation Package. The updated results for Cell 8 of the OSDF are presented

here.

CONCLUSIONS

Infiltration rates through the primary liner are as follows:

2-9xdo T

o Peak daily rate during active conditions =6,5%+0" gpad —
. . . . 7215x 1o
o Average annual rate during active conditions ) =45-%1+02-gpad”
e Average annual rate during post-closure conditions =19x1 0™ gpad
g [
4
0 5|12
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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 calculation procedures for evaluating the migration

of leachate through the primary liner.

METHOD OF ANALYSIS

Calculation procedures were the same as those presented in Section 9.1 “Leak Detection

System (LDS) — Migration through Primary Liner” Final Design Calculation Package.

300096
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LEAK DETECTION SYSTEM (LDS)
MIGRATION THROUGH PRIMARY LINER - CELL 8

SUPPLEMENT
DATA VERIFICATION

Leachate migration through primary liner analysis was performed as part of Section 7.4

. “Leachate Generation Rates — Cell 8 Supplement” Final Design Calculation Package. The data
required to perform this analysis is included in that package. A discussion on t_hé variables that have

- the greatest effect on results, namely frequency and size of holes in the geomembrane components
of the primary liner and quality of contact between the geomembrane and GCL components of the
primary liner, was presented in Section 9.1 “Leak Detection System (LDS) — Migration through
Primary Liner — Data Verification” Final Design Calculation Package. The discussion presented in

that calculation package is applicable to the results presented in this calculation package.

0097
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LEAK DETECTION SYSTEM (LDS)
MIGRATION THROUGH PRIMARY LINER - CELL &

SUPPLEMENT
CALCULATION RESULTS

Infiltration rates through the primary liner are as follows: :
« 2:ax10 K
o Peak daily rate during active conditions = 65x10"gpad | o—-‘]—
e Average annual rate during active conditions = 45t gpa_d.;.S X
e Average annual rate during post-closure conditions =1.9x10* gpad
Note, that peak daily rate for the post-closure stage cannot be calculated with certainty due to
. rounding errors by the HELP program, but is expected to.be greater than 1.9 x 10* gpad.

05‘“;’]0«
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Written By : RK Date: 12-03-03  Reviewed by: LMG Date: 12-09-03

Client;_Fluor Fernald Project:_OSDF — Revised Phase V Project/Proposal No.:_GQ3211 Task No.: 06
ADDENDUM TO SECTION 9.2

(ADDED TO REVISION 1 PACKAGE)

The Calculation Package “Leak Detection System (LDS) Maximum Head in LDS” presented
in Sectlon 9.2 evaluated the performance of the drainage layer and the drainage corridor components
of the leak detection system (LDS) for different stages of the life of the Fernald On-site Disposal
Facility (OSDF). The performance of the drainage layer and drainage corridor was evaluated using
baseline design flow rates applicable to the northernmost and interior OSDF cells (i.e., Cells 1 to 7).
Baseline design flow rates for the southernmost OSDF cell (i.e., 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 VII of the OSDF Final Design Calculation Package.
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LEAK DETECTION SYSTEM (LDS)
MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT
EXECUTIVE SUMMARY |

PURPOSE OF ANALYSIS

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

METHODS OF ANALYSIS

Drainage Layer: The maximum and average thickness of liquid in the LDS drainage layer were

calculated using a closed-form analytical solution.

Drainage Corridor: The maximum and average hydraulic head and- thickness of liquid in the

drainage corridor were calculated using a closed-form analytical solution. The flow capacity of the
drainage corridor was calculated using Darcy’s equation to verify its ability to convey liquid with an

adequate factor of safety.

Calculations were performed for the active operation condition and for the post-closure (i.e.,
post-settlement) condition. Baseline design flow rates established in the “Leachate Generation
Rates — Cell 8 Supplement” Calculation Package were utilized in the calculations. These flow rates

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

CONCLUSIONS

ACTIVE OPERATION CONDITION:

LDS Drainage Layer: "
. . . 000 . 000104
» maximum thickness of liquid, Ty =062t in. < 12 in. (OK)

« average thickness of liquid, Tavew = L9x+67 in.

R ATV ((h/l" oA




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

Client:_Fluor Fernald Project:_OSDF — Revised Phase V Project/Proposal No.;_GQ3211 Task No.: 06
LDS Drainage Corridor: Z-46 Klo—'é Y

. maximum leachate head, hpax = ++4tx167 in. < 12 in. (OK)

. average leachate head, hyyy =%0x402 in. 1.3 X \o"'é 1Ny _
o maximum liquid thickness, Tpax = Xt R, 46 X 1O

« average liquid thickness, Toyg = 70xH055m. 2-2 32X 16€ v
+ - drainage corridor capacity, Qpc = 23.6 gpm C

« required flow capacity, Qg =2.9%x10°gpm 508 Xlo~

«  flow capacity factor of safety, Qpc/Qr = 8_2;;_102 o
a7 |

AV

The ocp 44;5 nsh r:;zmw*& A "Ew-_ge:t Jactos o:f
{

Snde for the Flow qumu‘:? ot the. Aw’"ﬂi/\ﬂje-
Ceerydoe? ma‘ta-r\r»,!.. Howev y TMe- :DCP does

LDS Drainage Layer: ] . reguire a "l:ar’ga't fuctor of
« maximum thickness of liquid, Tpmax =%ﬁ,< 12 in. (OK) ?— Safely Jor e
- . a ’ — N

. average thickness of liquid, Tavew = 262¢H0°10. S22 X10 i . |£le Capaci Ej
, , ¢ of fhe leak -

LDS Drainage Corridor: 13Xl T \ dele ctionu Pires

. maximum leachate head, hpay = 24%4H07 in. < 12 in. (OK) QZ% xji, to 3.

. average leachate head, hyy, = +2%4654m 42 3 xxo:‘;;m : ;\’L,.is Foctor oF

- maximum liquid thickness, Tna = 24%H0%in  1-3X16 rr%‘/ Sateby is
quid thi - S 602 X1 THN L < :
» average liquid thickness, Tay; = 1L2x10=in— é 3 Ca[cui/:?e.a{ Y

. drairTage corridor ca.pacity, (%13’% 3 )9(;1% gom ) Sectin 990
« required flow capacity, Qg =813x10"' gpm a+|[ X10 ;
. flow capacity factor of safety, Qpc/Qg = +2x10” Jj}:\ ID%

The Dcf ploesﬂo’l; rezfuif\e, A 'farje,'t Jactor oF safe o The CHouJ
Z“(”W;‘% of The Avmif\aje_ Cortidor Mateﬂ‘m,Q,, l ni‘,\)ex/eﬂ/ the
Dep Aoe5 ne-Zryt‘ivﬁ A ‘Lﬂjef}: Frctor of sate b for tue QJ
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LEAK DETECTION SYSTEM (LDS)

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT
CALCULATION PROCEDURES

INTRODUCTION

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

head in the LDS.

METHOD OF ANALYSIS

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

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

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT
DATA VERIFICATION

INTRODUCTION

The purpose of this package is to present the data parameters needed to perform the calculations
for the LDS for Cell 8 of the OSDF. In particular, this package addresses the following analyses:
« drainage layer (average and maximum liquid thickness); and
« drainage corridor (average and maximum leachate head and liquid thickness, and flow
capacity).
In order to perform the analyses the data presented in the Calculation Package “Leachate
Detection System (LDS) Maximum Head in LDS” is used, except that the slope lengths, cell area, and

flow rates are revised based on the Calculation Package “Leachate Generatlon Rates — Cell 8

s !
Supplement” as described in the following section. 250!
| 'R 2%

3-%%1—;35- @ 224 -
8s | 0
65266 j—-/o

Q = leakage rate through a hole in the primary liner (assumes 1 hole per acre)
= 45710 gpad $verage annual daily infiltration calculated using the HELP model) X 1.0
acres |1 SXie” 4
= 45%107 gpd 7-SX\o 34091
= 6:5%+0"gpad (peak daily inﬁltration calculated using the HELP model) X 1.0 acres
= 65167 opd 8 X\b
L = the horizontal length of the s‘gpe —240‘& (3240 in.)
k= H-g)plrm\\c, Con J««c—h\/l;j = 1 cm [g ¢0010%7 V}M/ \o”\
Drainage Corridor: Oﬁ \}3

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

ACTIVE OPERATION CONDITIONS: < eji
Ba Y

Drainage Layer:

daily value from HELP for the drainage layer by a factor (width of cell / width of drainage corridor).
Impingement rate is taken equal to the infiltration through the top liner (from HELP calculations
performed as part of “Leachate Generation Rates — Cell 8 Supplement” Calculation Package).
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tlée &xlmg{n impingement rate of ﬂsqw into the drainage corridor
— (6=t gpad or 2—41;?-7 in/d) x SR/ 16 1)
6 - " lo

) s VN B¢ 1o |NI Jt
L = the length of the drainage corridor = 625 ft (7500 in.)

POST-CLOSURE CONDITION:

Drainage Layer:

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

=1 9x10 gpad (average annual daily infiltration calculated using the HELP model) X 1.0
350

acres <
. 4 _ I o
= 1.9x10" gpd Ssedt 4 394’5‘ )
L = the horizontal length of the slope =245 ft (2940 in.) ¢ ,:45 e o4 7
K= Hydmulic co,wlvdg\,.‘igj = 1 enls o' @ 207,
Drainage Corridor: 350 ! & 2-049,

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

q; = the maximum impingement rate of flow into the drainage corridor

= (1.9 x10™ gpad or 2.5 x 10° infyr) x 425t/ 16 fX)
= 66x 10T -5, . g
' T @:4X1o \NIJ v
L = the length of the drainage corridor = 625 ft (7500 in.)

Psleq

oS~
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LEAK DETECTION SYSTEM (LDS)

MAXIMUM HEAD IN LDS - CELL 8 SUPPLEMENT (SEE

VOLUME VIII)
CALCULATION RESULTS

Hand calculations were performed for the active condition case. A spread sheet was used to repeat
the calculations for the active case and perform calculations for post-closure case. These calculation

results are presented in the following pages.
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LDS Drainage Layer

5529 G/*

Active Post-Closure
. Yearl .
Parameter Daily Peak Average Daily Peak : g/zargge
Drainage Path Length (ft) 385 385 350] . 350
Drainage Path Slope (%) 2.24 2.24 2.04 2.04
Slope Angle (rad) 0.02 0.02 -0.02 0.02
Slope Angle (deg) 1.28 1.28 1.17 1.17
Thickness (in.) 12 12 12 12 '
Total Cell Width (ft) 540 540 540 540
Total Cell Length (ft) 650 650 650 650
Total Cell Area (acre) 8.06 8.06 8.06 8.06
k (cm/s) 1 1 1 1
qi, (in/day) [from HELP] 3.30E-08] 2.70E-08] 5.50E-09{ 6.80E-09
qi, (cm/s) 9.70E-13| 7.94E-13| 1.62E-13] 2.00E-13
No of holes per acre 1 1 1 1
Q per hole, (ft3/s) 1.386E-09| 1.134E-09] 2.311E-10]2.857E-10
Tnax (in.) 0.002 0.002 0.001 0.001 .
M 2.38E-05] 2.16E-05| 1.18E-05| 1.31E-05
Tavew(in.) 6.39E-06] 8.37E-07| 5.22E-07| 5.80E-07 M’W -
05 [ 1> l o é\

Y s 0114



LDS Drainage Corridor

Parameter Active Post-Closure
Drainage Path Length (ft) 625 625
Drainage Path Slope (%) 1.00 0.40{
Slope Angle (rad) 0.01 0.00
|Slope Angle (deg) 0.57 0.23
Thickness (in.) 12 12
Total Corridor Width () 16 16
Total Corridor C/S Area (%) 16| 16
Total Corridor C/S Area (m?) 1.49 1.49
Total Corridor Plan Area (acre) 0.23 0.23
k (cm/s) ’ ' 10 10
qi, (in/day) 1.11E-06 2.30E-07
qi, (cm/s) 3.27E-11 6.75E-12|.
A [Giroud et al.] 3.274E-08 0.000].
j [Giroud et al.] 1.000 1.000] -
TenaxL 3.27E-10 1.69E-10
Tonax (in.) 2.46E-06 1.27E-06
Niax (in.) 2.46E-06 1.27E-06
Teave/ Trmax 0.5 0.5
Tave (in.) 1.23E-06 6.33E-07
have (in.) 1.23E-06 6.33E-07
Flow Capacity (m’/s) 1.49E-03 5.95E-04
Required Capacity (m’/s) 3.17E-10 6.52E-11
Factor of Safety (For Capacity) 4.70E+06 9.11E+06

Hr
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SUBJECT OF COMPUTATIONS OSDF PHASE V, TIME OF TRAVEL IN LDS - CELL 8

Fernald CalcCover

SUPPLEMENT
Computations By: Signature j, [(M,Qg»"—ﬂyv‘__—a L— ; 3 "‘0‘]’
(Cognizant Engineer) _ Date
Printed Name Ramachandran Kulasingam
and Title Senior Staff Engineer
Assumptions
and Procedures / -22 - O?’
Checked By: Signature WMJ
(Checker) - Date -
Printed Nam67gY Leslie M. Griffin
andTile ' Engineer
- Computations Signature /ﬁ/&,{: /A I 212/ /23 *l)%
Checked by: Date
Printed Name Hollie N. Kinnecom
and Title Staff Engineer
Computations ~
Backchecked by: Signature f\ <. WA *-23—-'04
(Cognizant Engineer) i Date
Printed Name Ramachandran Kulasingam
and Title Senior Staff Engineer
—&45=-0
Approved by: Signature /ZM JM« /23 }‘
(PDP) Date
Printed Name/®¥ Leslie M. anﬁn
and Title . Engineer
Approved by: Signature Q—o» e [3,_, ::/Z 23 Ja- o Z
(DTL/TETL) ' ! 4 Date
Printed Name R. Bonaparte
and Title Principal
Record of Revision (Number and initial all revisions)
Rev. No. Reason Date By Checked Approval
1A Ddend cerL @ EXNANSTANIG TN Lad [KIG [P [LHE/ RC
000116

12/10/2003 A,
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ADDENDUM TO SECTION 9.3

(ADDED TO REVISION 1 PACKAGE)

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

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

200117
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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.

CONCLUSIONS

21 aln\gs
«+ time of travel for active operation condition = }F-é=days < 20 days (O.K.)

« time of travel for post-closure condition =+&-8"dajs <20 days (O.K.)

i ”JS W?/h%\-o*

0>

s
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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.

000120
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LEAK DETECTION SYSTEM (LDS)

TIME OF TRAVEL IN LDS - CELL 8 SUPPLEMENT
DATA VERIFICATION

INTRODUCTION

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

In order to perform the analyses the data described in the 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.

. ACTIVE OPERATION CONDITION:

Time of Travel in the LDS Drainage Laver: 25
Lpr = length of flow in the LDS drainage layer =276 ft

3

) Z\/
Time of Travel in the LDS Drainage Corridor: = GRS — 2gs — 350
Lpc = length of flow in the drainage corridor = $6+3-ft = 4} eSS £t

Time of Travel in the LDS Collector Pipe:
Lcp = length of LDS collector pipe = 5843t 4—65 §t

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: 20 0121
< LpL = length of flow in the LDS =245t 35 o It

o§'3$\ OA‘
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Time of Travel in the LDS Drainage Corridor:
Lpc = length of flow in the drainage corridor =576t (0 2, 5 i+t

Time of Travel in the LDS Collector Pipe:
Lcp = length of LDS collector pipe =5%6ft G2S +t

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

Client:_Fluor Fen;nald Project:_OSDF — Revised Phase V Project/Proposal No.:_GQ3211 Task No.: 06
ADDENDUM TO SECTION 9.4

(ADDED TO REVISION 1 PACKAGE)

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

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

Ry
The flow capacity, perforation size, and structural stability (:Wéll 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.

CONCLUSIONS

. pipe flow capacity for active operation condition, Q, = 198 gpm -
- required flow capacity for active operation condition, Qr =3=0%10™ gpm > S X0 ‘,’ £

. flow capacity factor of safety for active operation condition, Qp/Q,= 6-.-&4':{1‘0‘ >>3 (QK)
2.} Alo

. . . i 03X|o JpPrv
« required flow capacity for post-closure condition, Qr = -8—1*1{-)— gpm

. flow capacity factor of safety for post-closure condition, Qy/Qp =4-5%10% >> 10 (OK) -

"300134

« pipe flow capacity for post-closure condition, Q, = 124 gpm
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LEAK DETECTION SYSTEM (LDS)

LDS PIPE DESIGN - CELL 8 SUPPLEMENT
CALCULATION PROCEDURES

INTRODUCTION

The purpose of this package is to evaluate the factor of safety for flow capacity by comparing the
new required flow capacity for Cell 8 with the LDS pipe flow capacity.

METHOD OF ANALYSIS

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

200135
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LEAK DETECTION SYSTEM (LDS)

LDS PIPE DESIGN - CELL 8 SUPPLEMENT
DATA VERIFICATION

Pipe flow capacity (Qp) = 1.25 x 102 m*/s (from Calculation Package “Leak Detection System
(LDS) LDS Pipe Design” — Section 9.4)

~lb
-2 Xlo
Required flow capacity (Qp:) =385%16">m’/s (from Calculation Package “Leak Detection System

(LDS) Maximum Head in LDS” - Cell 8 Supplement” — Section 9.7)

P

330136
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LEAK DETECTION SYSTEM (LDS)

LDS PIPE DESIGN - CELL 8 SUPPLEMENT
CALCULATION RESULTS

Hand calculations were performed for the active condition case. A spread sheet was used to repeat
the calculations for the active case and perform calculations for the post-closure case. These calculation

results are presented in the following pages.

20137
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LDS Pipe
Parameter Active Post-Closure .
Pipe Inner Diameter (in.) 5.421 5.421
Cross Section Area (in%) 23.08 23.08
Cross Section Area (m’) 1.49E-02 1.49E-02
Hydraulic Radius (in.) 1.36 1.36
Manning's Coefficient (s/m™*) 0.013 0.013
Drainage Path Slope (%) 1.00 0.40
Slope Angle (rad) 0.01 0.00
Slbpe Angle (deg) 0.57 0.23
Flow Capacity (m’/s) 1.24E-02 7.84E-03
Required Capacity (m’/s) . 3.17E-10 6.52E-11]
. |Factor of Safety (For Capacity) 3.92E+07 1.20E+08

o;b:ﬂ“f

5529 3/2

30139



§°CI NOLLO3S




. 5529

12.5 OSDF PHASE V, SURFACE-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 complianée with the Surface-Water
Management and Erosion Control (SWMEC) Plan 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; it 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.

= 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.

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

* 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 in the hydrologic analysis.

» Attachment C-1A — HydroCAD Output Reports — 25-Year, 24-Hour Storm
. Event, East OSDF Construction-Phase Design Scenario. This attachment

GQ3309/F0420008 - 000142
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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 (i.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 (i.e., 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 (i.e., geometry) and profile (i.e., inverts)
of the revised configuration of culverts. The results also present the hydraulic
capacity, structural capacity, and required outlet protection for these culverts 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.

000143
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ATTACHMENT A-2

LAYOUT OF DESIGN SCENARIO AND DESIGN CASE SWM SYSTEMS
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ATTACHMENT A-8

NODAL NETWORK DIAGRAMS
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HYDROCAD™ INPUT PARAMETERS FOR THE CALCULATION OF TIME OF CONCENTRATION
EAST OSDF CONSTRUCTION DESIGN SCENARIO

2-yezr, 24-br Design Rawnfall Depth. Py.oy

SUBCATCHMENT LABEL SHEET FLOW | SHEET FLOW 2 SHEET FLOW 3 SHALLOW CONCENTRATED FLOW SHALLOW CONCENTRATED FLOW SHALLOW CONCENTRATED FLOW GIANNEL FLOW 1 CHANNEL FLOW 2
AND DESCRIFTION Pt e it | Meamigen | 250 | Pomered | soree boipion | maingen | UotSire | Pt | s b | Mummmin | VT [P S| Ly [P S| s [PTUR ZEE | S0 [ L) PRI | Pevg0) [ St o Markgsn | Lot oo g 2020 | i penits | sty | PR | Lrgime
No. Dexviption
a VEGETATED FINAL COVER % | GRASS:SHORT | 0.5 | 00500 | 60 | GRASS:SHORT | 0150 | 01000 | 150 | GRASS:SHORT | 0450 | 04700 | 80 | UNPAVED | 01700 ] ; . . - . - . X - ; - . ; B A
B VEGETATED FINAL COVER 50 | GRASS:SHORT | 050 | 01500 - - . - - - - - - - - - - 450 o 102 60,30 Py 00045 . ; . - . .
< VEGETATED FINAL COVER % | GRASS:SHORT | 0150 | 00500 | 60 | GRASS:SHORT | 0150 | 04000 | 150 | GRASS:SHORT | 0450 | 01700 | 10 | UNPaveD | om0 - - - - - 400 3 102 60,40 0030 00045 . - - . . -
) VEGETATED FINAL COVER % | GRASS:SHORT | 050 | 00500 | 60 | GRASS:SHORT | 0150 | 01000 | 150 | GRASS:SHORT | 0450 | 0470 [ i |uNPAvED | oa7m0 . R - - - - 250 3 129 50.30 0030 00045 150 ° 159 40.30 0030 00050
E VEGETATED FINAL COVER % | GRAss:SHORT | 01% | 08500 | 6 | GRASS:SHORT | 0450 | 01 | 150 | GRASS:SHORT | o150 | 047100 [ 170 | unpavED | om0 - . . - E - ° 150 40,30 0020 00050 . - - - . .
¥ VEGETATED FINAL COVER % | GRASS:SHORT | 0150 | 00500 | 60 | GRASS:SHORT | o450 | otooo | 150 | GRass:swokT | oxso | o470 | 10 [ uNeavep |  oamo . ) - - - % ° 160 40,30 0% 00050 . - . - . -
G VEGETATED FINAL COVER % | GRASS:SHORT | o050 | 00500 | 6 | GRASS:SHORT | 0150 | o100 | 150 | GRassismorT | 0450 | o170 | 10 [uneaven | o170 R - - ] - 10 o ) 40,30 0030 00050° . ; ) ) ; )
HR |  NONVEGETATEDFINAL COVER % SMOOTH oo | oos0 | 0 SMOOTH oonr | oioo | 150 SMOOTH 00N | 0170 | 160 | UNPAVED | 04700 - - - - - 00 3 ) 60,30 0030 00100 . . . - -
R | NONVEGETATED FINAL COVER 140 SMOOTH oon | o410 12 SMOOTH o011 | 00500 - - - - R - - . - - - - 14 3 380 30,60 0030 00050 - . . )
JR NON VEGETATED FINAL COVER 30 SMOOTH 0011 0.0500 55 SMOOTH 0.011 0.1000 165 SMOOTH 0.011 0.1700 145 UNPAVED 0.1700 12.0000 PAVED 0.0500 - - - 356 9 385 6.0,3.0 0.030 0.0050 - - - - - -
L 'RUNON NORTH OF BORROW AREA 140 GRASS: SHORT 0150 0.0200 - - - - - - - - - - - - - - - - 7% ° 290 30,390 0.030 00075 - - - - - .
M | RUNONNORTHOFBORROWAREA | 170 | GRASS:SHORT | 0150 | 00500 - - - - . - - - - - . } - - } - 20 ) 250 30,30 0030 00045 . } . . 3 ,
N DIRECT RUNON TO POND R . R . B . B . R . B . . . N R B . . . B B . R . N _ R N N R N
(4] RUNON NORTH OF BORROW AREA - - - - - - - - - - - - - - - - - - - - - 230 [ 1.00 50,50 0.030 0.0085 - - - - . -
P | RUNONNORTHOFBORROWAREA | 30 | GRASS:SHORT | 0150 | 00150 - - - . ; - - - 350 | UNPAVED | o007 - - . - - - - - . . - - . - . . ‘ X
Q | RUNONNOKIHOFBORROWAREA | 300 | GRASS:SHORT | 0150 | 00260 - ) - . - - - 1280 | UNPAVED | 00260 - - - - - - - - . E . - ; , R
R | RUNONNORTHOFBORROWAREA | 300 | GRASS:SHORT | 0150 | 00400 - - - . - - - - 3% | UNPAVED | 00400 R . - . - . . . : - - - - , - ! _
S | RUNONNORTHOFBORROWAREA | 780 | GRASS:SHORT | 0150 | 00150 - - - - ; - ; - - ; - - . - - ; 30 3 300 30,30 0030 00100 - . N . , }
v RUNON EAST OF OSDF 300 GRASS: SHORT 0.150 0.0140 - - - - - - - 240 UNPAVED 0.0140 - - - - - - - - - - - - - - - . .
v DIRECT RUNON TO POND - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .
W RUNON EAST OF OSDF 300 | GRASS:SHORT | 010 | 04780 - - - . - - - . 400 | UNPAVED [  o0a7m0 - . - . - 2 3 300 30,300 00%0 00114 - - . - . -
x RUNON EAST OF OSDF 300 | GRASS:SHORT | oasa | oorso - - - - - - } - 730 | UNPAVED | om0 - ; - - - - 330 o 200 30,30 000 00100 - R - ) .
Y RUNON EAST OF OSDF 30 | GRASS:SHORT | o1s0 | oo13 - - - - R - } - 510 | UNPAVED | 00130 - - - - } - 240 3 200 50,40 0030 oot10 . . ) . ) R
z RUNON EAST OF OSDF 300 | GRASS;SHORT | o150 | oo310 B - - - - - - - 25 |UNPAVED | 00310 - - - - . - 50 3 200 50,40 0030 00070 . . - B . }
AA RUNOH AREA EAST OF GSDF 300 | GRASS:SHORT | o1s0 | 00800 - } - - - - - . 170 | UNPAVED | 00800 - - - . - - 300 o 200 10,30 003 0070 . . . - : -
B8 KUNGN AREA EAST OF GSDE 110 | GRASS:SHORT | ©aso | oosoo - } - . - - . ; - - ; - - - - - - 360 ° 130 30,30 om0 2.0040 . - - . R
cc KUNON AREA EAST OF OSDF 110 | GRASS:SHORT | o150 | oowo0 - - - - . - - - - . ; - . R . , . . - X - _ - : - . . 3
DDR | NON VEGETATED FINAL COVER 210 SMOOTH oot | 0170 12 SMOOTH oo | ooso0 - - } - R . - - . R . - - 241 3 547 20,60 0030 00050 . - . : . R
£E | RUNONNORTHOFBORROWAREA | 300 | GRASS:SHORT | 0150 | 00230 - - ; - - - - . 50 | UNPAVED | 00230 . - . - - ) o 00 30,30 0030 0.0100 - - . . : A
FFR |  NON VEGETATED FINAL COVER % sMooTH oo | ooso | SMOOTH oon | o0 | 160 SMOOTH 001 | 010 | 120 | UNPAVED | 04700 17 | Pavp 00500 ; - - 467 3 549 6,30 0030 00050 - - - . . -
GGR|  ConsmucTioNLaYDOWN 78 | ORASS:SHORT | 0150 | 00200 - . - - R - - . 1 |uweavep | ooiss - . . ; . . . B . R . - : . . X :
WH | KUNONNORTHOFBOKROWAREA | 90 | GRASS:SHORT | 0150 | 00100 - - - . - ; - - - . . - . . . ; 0 ) 250 30.30 0030 20005 - 3 . X N B
0 | RUNONAREATOBORROWAREA | 210 | GRASS:SHORT | oiso | 00400 - . - - . . - . ™ |UNPAVED | o0as60 39 | UNPAVED | ooms R . . . . . . . ; . . . g X -
1) | FRUNONAREATODORROWAREA | 300 | GRASS:SHORT | o150 | oo2s0 - . - . - . - - «w |uneavip | o020 110 | uNPAVED | 01660 uo | UNPAVED | 00025 ; . . . - ; . i ; . :
KK | RUNORAREATOBORROWAREA | 300 | GRASS:SHORT | 0450 | 00z80 ; - - - - R - - 150 | UNPAVED | 00m0 110 | UNPAVED | 01660 €0 | UNPAVED | 00030 - . - . . . . . . . ; .
n RUNOFF 30 | GRASS:SHORT | 0150 | 000 - - - . - . - } 200 | UNPAVED | 00240 - - ; - - - ° 300 30,30 0030 00090 - - - . ; .
MM RUNOFF 100 GRASS: SHORT 0.150 0.0700 - . - - - - - - - - - - - - - - - 980 ] 3.00 50,40 0030 0